Glossary

ABC transporter protein
A large family of membrane transport proteins that use the
energy of ATP hydrolysis to transfer peptides or small mole-
cules across membranes. (Figure 11-7)

acetyl (-COCHs3)
Chemical group derived from acetic acid {CH;COOH). Acetyl
groups are important in metabolism and are also added cova-
lently to some proteins as a post-translational modification.

acetyl CoA
Small water-scluble activated carrier molecule. Consists of
an acetyl group linked to coenzyme A (CoA} by an easily
hydrolyzable thivester bond. {(Figure 2-62)

acetylcholine (ACh)
Neurotransmitter that functions at cholinergic synapses.
Found in the brain and peripheral nervous system. The neu-
rotransmitter at vertebrate neuromuscular junctions. (Figure
15-9)

acetylcholine receptor (AChR)
Membrane protein that responds to binding of acetylcholine
(ACh). The nicotinic AChR is a transmitter-gated ion channel
that opens in response to ACh. The muscarinic AChR is not an
ion channel, but a G-protein-coupled cell-surface receptor.

acid
A proton donor. Substance that releases protons (H*} when
dissolved in water, forming hydronium ions {Hs0*) and low-
ering the pH. (Panel 2-2, pp. 108-109)

acrosomal vesicle
Region at the head end of a sperm cell that contains a sac of
hydrolytic enzymes used to digest the protective coating of
the egg. When a sperm starts to enter an egg, the contents of
the vesicle are released (the acrosome reaction), helping the
sperm penetrate the zona pellucida. (Figures 21-33 and
21-27)

actin
Abundant protein that forms actin filaments in all eucaryotic
cells. The monomeric form is sometimes called globular ar
G-actin; the polymeric form is filamentous or F-actin. (Panel
16-1, p. 968, and Figure 16-12)

actin-binding protein
Protein that associates with either actin monomers or actin
filaments in cells and modifies their properties. Examples
include myosin, o-actinin, and profilin. (Panel 16-3,
Pp- 994-995)

actin filament {microfilament)
Helical protein filament formed by polymerization of globu-
lar actin molecules. A major constituent of the cytoskeleton
of all eucaryotic cells and part of the contractile apparatus of
skeletal muscle. (Panel 16-1, p. 968)

action potential
Rapid, transient, self-propagating electrical excitation in the
plasma membrane of a cell such as a neuron or muscle cell.

Action potentials, or nerve impulses, make possible long-
distance signaling in the nervous system. (Figure 11-30}

activated carrier
Small diffusible molecule that stores easily exchangeable
energy in the form of cne or more energy-rich covalent
bonds. Examples are ATE acetyl CoA, FADH,, NADH, and
NADPH. (Figure 2-55)

activation energy
Extra energy that must be acquired by atoms or molecules in
addition to their ground-state energy in order to reach a
transition state and undergo a particular chemical reaction.
(Figure 2-44)

activator (gene activator protein, transcriptional activator)
Gene regulatory protein that when bound to its regulatory
sequence in DNA activates transcription.

active site
Region of an enzyme surface to which a substrate molecule
binds in order to undergo a catalyzed reaction. {Figure 1-7)

active transport
Movement of a molecule across a membrane or other barrier
driven by energy other than that stored in the electrochemi-
cal or concentration gradient of the transported molecule,

acyl group (-CO-R)

Functional group derived from a carboxylic acid (R—C 29

~OH”
adaptation
(1) adaptation (desensitization): Adjustment of sensitivity
following repeated stimulation. The mechanism that allows a
cell to react to small changes in stimuli even against a high
background level of stimulation, {2) evolutionary adapta-
tion: an evolved trait.

adaptive immune response
Response of the vertebrate adaptive immune system to a
specific antigen that typically generates immunological
memory. (Figures 25-1 and 25-2)

adaptor protein
General term for a protein that functions solely to link two or
more different proteins together in an intracellular signaling
pathway or protein complex. (Figure 15-22)

adenomatous polyposis coli (APC) protein
Tumeor suppressor protein that forms part of a protein com-
plex in the canonical Wnt signaling pathway that recruits free
cytoplasmic p-catenin and degrades it.

adenosine triphosphate—see ATP

adenylyl cyclase (adenylate cyclase)
Membrane-bound enzyme that catalyzes the formation of
cyclic AMP from ATP An impertant component of some
intracellular signaling pathways.

adherens junction
Cell junction in which the cytoplasmic face of the plasma
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membrane is attached to actin filaments. Examples include
adhesion belts linking adjacent epithelial cells and focal con-
tacts on the lower surface of cultured fibroblasts.

ADP (adenosine 5’-diphosphate)
Nucleotide produced by hydrolysis of the terminal phos-
phate of ATP Regenerates ATF when phosphorylated by an
energy-generating process such as oxidative phosphoryla-
tion. (Figure 2-57)

adrenaline {epinephrine)
Hormone released by adrenal gland chromaffin cells, espe-
cially in response to stress, that binds to specific GPCRs. It
can initiate and coordinate a “fight or flight” response, which
includes an increase in heart rate and blood sugar levels. It is
also a catecholarmine neurotransmitrer.

aerobic
Occurring in, or requiring, the presence of molecular oxygen
{Oa).

affinity
The strength of binding of a molecule to its ligand at a single
binding site.

affinity chromatography
Type of chromatography in which the protein mixture to be
purified is passed over a matrix to which specific ligands for
the required protein are attached, so that the protein is
retained on the matrix. (Figure 8-13}

affinity constant (association constant)} (K;)
Measure of the strength of binding of the components in a
complex. For compenents A and B and a binding equilib-
rium A + B = AB, the association constant is given by
[AB]/[A}[B], and is larger the tighter the binding between A
and B. {Figure 3-43)

affinity maturation
Progressive increase in the affinity of antibodies for the
immunizing antigen with the passage of time after immu-
nization.

Akt (protein kinase B, PKB)
Serine/threonine protein kinase that acts in the PI 3-
kinase/Akt intracellular signaling pathway involved espe-
cially in signaling cells to grow and survive. Also called pro-
tein kinase B (PKB}. (Figure 15-64)

aldehyde
Organic compound that contains the [— | group. Ex-
ample: glyceraldehyde. Can be oxidized to an acid or
reduced to an alcohol. (Panel 2-1, p. 107}

c({o

alga (plural algae)
Informal term used to describe a wide range of simple uni-
cellular and muliicellular eucaryotic photosynthetic organ-
isms. Examples include Nitella, Volvox, and Fucus.

alkaline—see basic

alkyl group (CyHzp.1)
General term for a group of covalently linked carbon and
hydrogen atoms such as methyl (-<CHg) or ethyl (-CH>CHs)
groups. Usually exist as part of larger organic molecules. On
their own they form extremely reactive free radicals.

allele
One of several aliernative forms of a gene. In a diploid cell
each gene will typically have two alleles, occupying the cor-
responding position (locus) on homologous chromosomes.

allelic exclusion
The expression of a protein from only one of the two alleles
of the gene encoding the protein in the cell, as occurs, for
example, in the expression of an immunoglobulin or T cell
receptor chain or an olfactory receptor.

allostery (adjective allosteric)
Change In a protein’s conformation brought about by the
binding of a regulatory ligand (at a site other than the pro-
tein's catalytic site), or by covalent modification. The change

in conformation alters the activity of the protein and can
form the basis of directed meovement. {Figures 3-58 and
16-61}

alpha helix (o helix)
Common folding pattern in proteins, in which a linear
sequence of amino acids folds into a right-handed helix sta-
bilized by internal hydrogen bonding between backbone
atoms. (Figure 3-7)

alternative RNA splicing
Production of different RNAs from the same gene by splicing
the transcript in ditferent ways. (Figure 7-94)

alveoli (singular alveolus)
Small dilated outpocketings of an epithelium, especially the
epithelium of the lung, where they form millions of air-filled
sacs. Similar structures are found in the milk-secreting glan-
dular epithelium of the breast.

amide
Molecule containing a carbonyl group linked to an amine.
{Panel 2-1, p. 107)
amine
Chemical group containing nitrogen and hydrogen.
Becomes positively charged in water. (Panel 2-1, p. 107)
amino acid
Organic molecule containing both an amino group and a
carboxyl group. Those that serve as building blocks of pro-
teins are alpha amino acids, having both the amino and

carboxyl groups linked to the same carbon atom.
{(NH>CHRCOOH, Panel 3-1, pp. 128-129)

aminoacyl-tRNA synthetase
Enzyme that attaches the correct amino acid to a tRNA mol-
ecule to form an aminoacyl-tRNA. {Figure 6-57)

amino group (-NHj)
Weakly basic functional group derived from ammonia (NHs)
in which one or more hydrogen atoms are replaced by
another atomn. In aqueous selution it can accept a proton
and carry a positive charge (-NHj3").

amino terminus—see N terminus

amoeba (plural amoebae)
Carnivorous unicellular protozean that crawls using
pseudopodia.

AMP (adenosine 5"-monophosphate)
One of the four nucleotides in an RNA molecule. Two phos-
phates are added to AMP to form ATP (Panel 2-6, pp.
116-117)

amphipathic
Having both hydrophobic and hydrophilic regions, as in a
phospholipid or a detergent molecule.

anabolism (biosynthesis)
Formation of complex molecules from simple substances by
living cells. (Figure 2-36)

anaerobic
Requiring, or occurring in, the absence of molecular oxygen
(02).

anaphase

(1) Stage of mitosis during which sister chromatids separate
and move away from each other. Composed of anaphase A
{chromosomes move toward the two spindle poles) and
anaphase B (spindle poles move apart). (2) Anaphase I and
H: stages of meiosis during which chromosome homolog
pairs separate (I), and then sister chromatids separate (II).
{Panel 17-1, pp. 1072-1073)

anaphase-promoting complex (APC/C) (cyclosome)
Ubiquitin ligase that catalyzes the ubiquitylation and
destruction of securin and M- and S-cyclins, initiating the
separation of sister chromatids in the metaphase-to-
anaphase transition during mitosis.
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anchorage dependence
Dependence of cell growth, proliferation, and survival on
attachment to a substratum.

anchoring junction
Cell junction that attaches cells to neighboring cells or to the
extracellular matrix. (Figure 19-2, and Table 19-1, p. 1133)

angiogenesis
Growth of new blood vessels by sprouting from existing ones.

Angstrom (3)
Unit of length used to measure atoms and molecules. Equal
to 1071% meter or 0.1 nanometer (rum).

animal pole
In yolky eggs, the end opposite the yolk. Cells derived from
the animal region will envelop those derived from the yolky
(vegetal) region. (Figure 22-68)

anion
Negatively charged ion.

antenna complex
Part of a photosystem that captures light energy and chan-
nels it into the photochemical reaction center. It consists of
protein complexes that bind large numbers of chlorophyll
molecules and other pigments.

antibiotic
Substance such as penicillin or streptomycin that is toxic to

microorganisms. Often a product of a particular microorgan-
ism or plant.

antibody (immunoglobulin, Ig)
Protein produced by B cells in response to a foreign molecule
or invading microorganism. Binds tightly to the foreign mol-
ecule or cell, inactivating it or marking it for destruction by
phagocytosis or complement-induced lysis.

anticodon
Sequence of three nucleotides in a transfer RNA (tRNA) mol-
ecule that is complementary to a three-nucleotide codon in
a messenger RNA (mRNA) molecule.

antigen
A molecule that can induce an adaptive immune response or
that can bind to an antibody or T cell receptor.

antigenic determinant (epitope)
Specific region of an antigen that binds to an antibody oraT
cell receptor.

antigenic variation
Ability to change the antigens displayed on the cell surface; a
property of some pathogenic microorganisms that enables
thern to evade attack by the adaptive immune system.

antigen-presenting cell
Cell that displays foreign antigen complexed with an MHC
protein on the cell surface for presentation to T lvmphocytes.

antiparallel
Describes the relative orientation of the two strands in a
DNA double helix or two paired regions of a polypeptide
chain; the polarity of one strand is oriented in the opposite
direction to that of the other.

antiporter
Carrier protein that transports two different ions or small
molecules across a membrane in opposite directions, either
simultaneously or in sequence. (Figure 11-8)

antisense RNA
RNA complementary to an RNA transcript of a gene. Can
hybridize to the specific RNA and block its function.

AP(—see adenomatous polyposis coli
APC/C—see anaphase-promoting complex

apical
Referring to the tip of a cell, a structure, or an organ. The apical
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surface of an epithetial cell is the exposed free surface, oppo-
site to the basal surface. The basal surface rests on the basal
lamina that separates the epithelium from other tissue.

apical meristem
The growing tip of a plant shoot or root, composed of divid-
ing undifferentiated cells. (Panel 22-1, p. 1401)

apoptosis
Form of programmed cell death, in which a “suicide” pro-
gram is activated within an animal cell, leading to rapid cell
death mediated by intracellular proteolytic enzymes called
caspases.

aqueous
Pertaining to water, as in an aqueous solution.

Arabidepsis thaliana (common Thale cress)
Small flowering weed relaied to mustard. Model organism
for flowering plants and the primary model for studies of
plant molecular genetics.

archaeon (plural archla]ea) (archaebacterium).
Single-celled organism without a nucleus, superficially simi-
lar to bacteria. At a molecular level, more closely related to
bacteria in metabolic machinery, but more similar to eucary-
otes in genetic machinery. Archaea and Bacteria together
make up the Procaryotes. (Figure 1-21)

ARF (ADP-ribosylation factor, ARF protein)
Monomeric GTPase in the Ras superfamily responsible for
regulating both COPI coat assembly and clathrin coat
assernbly at Golgi membranes. (Table 15-5, p. 926)

aromatic
Molecule that contains carbon atoms in a ring drawn as hav-
ing alternating single and double honds. Often a molecule
related to benzene.

ARP {actin-related protein) complex {ARP2/3 complex)
Complex of proteins that nucleates actin filament growth
from the minus end.

ARS—see autonomously replicating sequence

asexual reproduction
Any type of reproduction (such as budding in Hydra, binary
fission in bacteria, or mitotic division in eucaryotic microor-
ganisms) that does not involve the mixing of two different
genomes. Produces individuals that are genetically identical
to the parent.

association constant—see affinity constant

aster
Star-shaped system of microtubules emanating from a cen-
trosome or from a pole of a mitotic spindle.

astral microtubule
In the mitotic spindle, any of the microtubules radiating
from the aster which are not attached to a kinetochore of a
chromosome.

ATM (ataxia telangiectasia mutated protein)
Protein kinase activated by double-strand DNA breaks. If
breaks are not repaired, ATM initiates a signal cascade that
culminates in cell cycle arrest, Related to ATR.

ATP (adenosine 5'-triphosphate)
Nucleoside triphosphate composed of adenine, ribose, and
three phosphate groups. The principal carrier of chemical
energy in cells. The terminal phosphate groups are highly
reactive in the sense that their hydrolysis, or transfer to
another molecule, takes place with the release of a large
amount of free energy. (Figure 2-26)

ATPase
Enzyme that catalyzes the hydrolysis of ATP. Many proteins
have ATPase activity.

ATP synthase (FpF) ATPase)
Transmembrane enzyme complex in the inner membrane of
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mitochondria and the thylakoid membrane of chloroplasts.
Catalyzes the formation of ATP from ADP and inorganic
phosphate during oxidative phosphorylation and photosyn-
thesis, respectively. Also present in the plasma membrane of
bacteria.

ATR (ataxia telangiectasia and Rad3 related protein)
Protein kinase activated by DNA damage. If damage remains
unrepaired, ATR helps initiate a signal cascade that culmi-
nates in cell cycle arrest. Related to ATM.

atypical protein kinase (aPKC)
An atypical form of protein kinase C (PKC) that does not
require both Ca?? and phosphatidylserine for activation. One
such aPKC is involved in the specification of polarity in some
individual animal cells.

auditory hair cell (sensory hair cell)
Sensory cells in the inner ear, responsible for detecting
sound by converting a mechanical stimulus (the vibrations
caused by sound waves) into a release of neurotransmitter.
(Figures 23-13 to 23-15)

autocrine signaling
Where a cell secretes signal molecules that act back on itself.

autoimmune disease, autoimmune response
Pathological state in which the body mounts a disabling
adaptive immune response against one or more of its own
molecules,

autonomously replicating sequence (ARS)
Origin of replication in yeast DNA.

autophagy
Digestion of worn-out organelles by the cell’s own lysosomes.

autoradiography
Technique in which a radioactive object produces an image
of itself on a photographic film or emulsion.

autosome
Any chramosome other than a sex chromosome.

auxin
Plant hormone, commonly indole-3-acetic acid, with
numerous roles in plant growth and development.

avidity
Total binding strength of a peolyvalent antibody with a poly-
valent antigen.

axon
Long nerve cell projection that can rapidly conduct nerve
impulses over long distances so as to deliver signals to other
cells.

axonal transport
Directed intracellular transport of organelles and molecules
along a nerve cell axon. Can be anterograde (outward from
the cell body) or retrograde (back toward the cell body).

axoneme
Bundle of microtubules and associated proteins that forms
the corte of a cilium or a flagellum in eucaryotic cells and is
responsible for their movements.

BAC—see bacterial artificial chromosome

bacterium (plural bacteria) (eubacterium)
Member of the domain Bacteria, one of the three main
branches of the tree of life (Archaea, Bacteria, and
Eucaryotes). Bacteria and Archaea both lack a distinct
nuclear compartment, and together comprise the
Procaryotes. (Figure 1-21)

bacterial artificial chromosome (BAC)
Cloning vector that can accommodate large pieces of DNA
up to 1 million base pairs.

bacteriophage {phage)
Any virus that infects bacteria. Phages were the first organ-

isms used to analyse the molecular basis of genetics, and are
now widely used as cloning vectors. See also bacteriophage
lambda.

bacteriophage lambda (bacteriophage A, lambda)
Virus that infects E. coli. Widely used as a DNA cloning vector.

bacteriorhodopsin
Pigmented protein found in the plasma membrane of a salt-
loving archaean, Halobacterium salinarium (Halobacterium
halobium,. Pumps protons out of the cell in response to
light. (Figure 10-33)

basal
Situated near the base. Opposite the apical surface.

basal body
Short cylindrical array of microtubules and their associated
proteins found at the base of a eucaryotic cell cilium or fla-
gellum. Serves as a nucleation site for growth of the
axoneme. Closely similar in structure to a centriole.

hasal lamina (plural basal laminae}
Thin mat of extracellular matrix that separates epithelial
sheets, and many other types of cells such as muscle or fat
cells, from connective tissue. Sometimes called basement
membrane. (Figure 19-40)

hase
A substance that can reduce the number of protons in solu-
tion, either by accepting H* ions directly, or by releasing OH~
ions, which then combine with H* to form H0. The purines
and pyrimidines in DNA and RNA are organic nitrogenous
bases and are often referred to simply as bases. (Panel 2-2,
pp. 108-109)

base excision repair
DNA repair pathway in which single faulty bases are
removed from the DNA helix and replaced. Compare
nucleotide excision repair. (Figure 5-48)

basement membrane—see basal lamina

base pair
Two nucleotides in an RNA or DNA molecule that are held
together by hydrogen bonds—for example, G paired with C,
and A paired with T or U,

basic (alkaline)
Having the properties of a base.

B cell (B lymphocyte)
Type of lymphocyte that makes antibodies.

Bcl2 family
Family of intracellular proteins that either promote ar inhibit
apoptosis by regulating the release of cytochrome ¢ and
other mitochondrial proteins from the intermembrane
space into the cytosol.

benign
Of tumors: self-limiting in growth, and noninvasive.

beta-catenin (f-catenin)
Multifunctional cytoplasmic protein involved in cadherin-
mediated cell-cell adhesion, linking cadherins to the actin
cytoskeleton. Can alse act independently as a gene regula-
tory protein. Has an important role in animal development
as part of a Wnt signaling pathway.

beta sheet (P sheet)
Common structural motif in proteins in which different sec-
tions of the polypeptide chain run alongside each other,
joined rogether by hydrogen bonding between atoms of the
polypeptide backbone. Also known as a B-pleated sheet.
(Figure 3-7)

binding site
Region on the surface of one molecule (usually a protein or
nucleic acid) that can interact with another molecule
through noncovalent bonding.
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bi-orientation
The attachment of sister chromatids to opposite poles of the
mitotic spindle, so that they move to opposite ends of the cell
when they separate in anaphase.

biosphere
All of the living organisms on Earth.

biosynthesis—see anabolism

biotin
Low-molecular-weight compound used as a coenzyme. Also
useful technically as a covalent label for proteins, allowing
themn to be detected by the egg protein avidin, which binds
extremely tightly to biotin. (Figure 2-63}

bivalent
A four-chromatid structure formed during meiosis, consist-
ing of a duplicated chromosome tightly paired with its
homelogous duplicated chromaosome.

blastomere
One of the many cells formed by the cleavage of a fertilized
egg. (Figure 22-69)

blastula
Early stage of an animal embryo, usually consisting of a hol-
low ball of epithelial cells surrounding a fluid-filled cavity,
before gastrulation begins.

blotting
Biochemical technique in which macromolecules separated
on a gel are transferred to a nylon membrane or sheet of
paper, thereby immobilizing them for further analysis. [See
Northern, Southern, and Western (immuno-) blotting.]
(Figure 8-38)

B lymphocyte—see B cell

bond energy
Strength of the chemical linkage between two atoms, meas-
ured by the energy in kilocalories or kilojoules needed to
break it.

bright-field microscope
Normal light microscope in which the image is obtained by
simple transmission of light through the object being viewed.

brush border
Dense covering of microvilli on the apical surface of epithe-
lial cells in the intestine and kidney.

budding yeast
Common name given to the baker’s yeast Saccharomyces
cerevisiae, a model experimental erganism, which divides by
budding off a smaller cell.

buffer
Solution of weak acid or weak base that resists pH change
when small quantities of acid or base are added, or when
solution is diluted.

Ca’t/calmodulin-dependent protein kinase—see (CaM-kinase)

cadherin
Member of the large cadherin superfamily of transmem-
brane adhesion proteins. Mediates homophilic Ca?*-
dependent cell-cell adhesion in animal tissues. (Figure 19-4,
and Table 19-2, p. 1135)

Caenorhabditis elegans
A small (~1mm) nematode worm used extensively in molec-
ular and developmental biology as a model organism.

caged molecule
Organic molecule designed to change into an active form
when irradiated with light of a specific wavelength. Example:
caged ATP

CAK—see Cdk-activating kinase

calcium pump—see Ca®* pump

G5

calmodulin
Ubiquitous intracellular Ca®*-binding protein that under-
goes a large conformation change when it binds Ca?*, allow-
ing it to regulate the activity of many target proteins. In its
activated (Ca®*-bound) form, it is called Ca**/calmodulin.
(Figure 15-43)

calorie
Unit of heat energy, equal to 4.2 joules. One calorie (small
“c") is the amount of heat needed to raise the temperature of
1 gram of water by 1°C. A kilocalorie {1000 calories) is the
unit used to describe the energy content of foods.

Calvin cycle —see carbon-fixation cycle

CAM (cell adhesion molecule)
Protein on the surface of an animal cell that mediates
cell-cell binding or cell-matrix binding.

CaM-kinase
Serinefthreonine protein kinase that is activated by
Ca?*/calmodulin. Indirectly mediates the effects of an
increase in cytosolic Ca?* by phosphorylating specific target
proteins. (Figure 15-43)

CaM-kinase II
Multifunctional Ca?*/calmodulin-dependent protein kinase
that phosphorylates itself and various target proteins when
activated. Found in most animal cells but is especially abun-
dant at synapses in the brain, and is involved in some forms
of synaptic plasticity in vertebrates. (Figure 15-44}

cAMP—see cyclic AMP
cAMP-dependent protein kinase—see protein kinase A

cancer
Disease featuring abnormal and improperly controlled cell
division resulting in invasive growths, or tumors, that may
spread throughout the body. (Figure 20-37)

capsid
Protein coat of a virus, formed by the self-assembly of one or
more types of protein subunit into a geometrically regutar
structure. (Figure 3-30)

Ca2* pump (calcium pump, Ca®* ATPase)
Transpart protein in the membrane of sarcoplasmic reticu-
lum of muscle cells (and elsewhere). Pumps Ca®* out of the
cytoplasm into the sarcoplasmic reticulum using the energy
of ATP hydrolysis.

carbohydrate
General term for sugars and related compounds containing
carbon, hydrogen, and oxygen, usually with the empirical
formula {CH2D) ;.

carbon fixation reaction
Process by which inorganic carbon (as atmospheric COy) is
incorporated into organic molecules. The second stage of
photosynthesis. (Figure 14-39)

carbon-fixation cycle (Calvin cycle)
Major metabolic pathway in photosynthetic organisms by
which CO. and H,O are converted into carbohydrates.
Requires both ATP and NADPH. (Figure 14-40)

carbonyl group {(C=0)
Carbon atom linked to an oxygen atom by a double bond.
(Panel 2-1, p. 107}

carboxyl group (-COOH)
Carbon atom linked both to an oxygen atom by a double
bond and to a hydroxyl group. Molecules containing a car-
boxyl group are weak acids—carboxylic acids. (Panel 2-1,
p. 107}

carboxyl terminus—see C terminus

carcinogen
Any agent, such as a chemical or a form of radiation, that
causes cancer.



G:6 GLOSSARY

carcinoma
Cancer of epithelial cells. The most common form of human
cancer.

cardiac muscle
Specialized form of striated muscle found in the heart, con-
sisting of individual heart muscle cells linked together by cell
junctions.

carrier protein—see transporter

cartilage
Form of connective tissue composed of cells (chondrocytes)
embedded in a matrix rich in type II collagen and chon-
droitin sulfate proteoglycan.

cascade—see signaling cascade

caspase
Intraceltular protease that is involved in mediating the intra-
cellular events of apoptosis.

catabolism
General term for the enzyme-catalyzed reactions in a cell by
which complex molecules are degraded to simpler ones with
release of energy. {Figure 2-36)

catalyst
Substance that can lower the activation energy of a reaction
(thus increasing its rate), withour itself being consumed by
the reaction.

catastrophe factor
Protein that destabilizes microtubule arrays by increasing
the frequency of rapid disassembly of tubulin subunits from
one end (catastrophe). (Figure 16-16)

B-catenin—see beta catenin

cation
Positively-charged ion.

caveola (plural caveoclae)
Invaginations at the cell surface that bud off internally to
form pinoeytic vesicles. Thought to form from lipid rafts,
regions of membrane rich in certain lipids.

CD4
Co-receptor protein found on helper T cells, regulatory T cells,
and macrophages. It binds to class 11l MHC proteins (on anti-
gen presenting cells) outside the peptide-binding groove.

CDhs8
Co-receptor protein found on cytotoxic T cells. It binds to
class | MHC proteins (on antigen-presenting cell} outside the
peptide-binding groave.

Cbh2s
Co-receptor protein on T cells that binds a co-stimulatory B7
protein on dendritic cells, providing an additional signal
required for the activation of a naive T cell by antigen.

Cdc6
Protein essential in the preparation of DNA for replication.
With Cdt1 it binds to an origin recognition complex on chro-
mosomal DNA and helps load the Mcm proteins onto the
complex to form the prereplicative complex.

Cdczo

Activating subunit of the anaphase-promoting complex
(APC/C).

Cdc25
Protein phosphatase that dephosphorylates Cdks and
increases their activity.

Cdc gene (cell-division-cycle gene)
Gene whose product (a Cdce protein) controls a specific step
or set of steps in the eucaryotic cell cycle. Originally identi-
fied in veasts.

Cdk—see cyclin-dependent kinase

Cdk-activating kinase (CAK)
Protein kinase that phosphorylates Cdks in cyclin-Cdk com-
plexes, activating the Cdk.

Cdk inhibitor protein (CKI}
Protein that binds to and inhibits cyclin-Cdk complexes, pri-
marily involved in the control of G1 and S phases.

cDNA
DNA molecule made as a copy of mRNA and therefore lack-
ing the introns that are present in genomic DNA.

Cdtl
Pratein essential in the preparation of DNA for replication.
With CdcB it binds to origin recognition complexes on chro-
mosomes and helps load the Mcm proteins on to the com-
plex, forming the prereplicative complex.

cell adhesion molecule—see CAM

cell cortex
Specialized layer of cyloplasm on the inner face of the
plasma membrane. In animal cells it is an actin-rich layer
responsible for movements of the cell surface.

cell cycle (cell-division cycle)
Reproductive cycle of a cell: the orderly sequence of events
by which a cell duplicates its chromosomes and, usually, the
other cell contents, and divides into two. (Figure 17-4)

cell-cycle control system
Network of regulatory proteins that governs progression of a
eucaryotic cell through the cell cycle.

cell division
Separation of a cell into two daughter cells. In eucaryotic
cells it entails division of the nucleus (mitosis) closely fol-
lowed by division of the cytoplasm (cytokinesis).

cell-division-cycle gene—see Cdc gene

cell fate
In developmental biology, describes what a particular cell at
a given stage of development will normally give rise to.

cell-free system
Fractionated cell homogenate that retains a particular bio-
logical function of the intact cell, and in which biochemical
reactions and cell processes can be more easily studied.

cell line
Population of cells of plant or animal origin capable of divid-
ing indefinitely in culture.

cell memory
Retention hy cells and their descendants of persistently
altered patterns of gene expression, without any change in
DNA sequence. See also epigenetic inheritance.

cell plate
Flattened membrane-bounded structure that forms by fus-
ing vesicles in the cytoplasm of & dividing plant cell and is
the precursor of the new cell wall.

cell senescence—see replicative cell senescence

cell signaling
The processes in which cells are stimulated or inhibited by
extracellular signals, usually chemical signals produced by
other cells.

cell transformation—see transformation

cellularization
The formation of cells around each nucleus in a multinucle-
ate cytoplasm, transforming it into a multicellular structure.,

cellulose
Structural polysaccharide consisting of long chains of cova-
lently linked glucose units. Provides tensile strength in plant
cell walls. (Figures 19-78 and 19-79)
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cell wall
Mechanically strong extracellular matrix deposited by a cell
outside its plasma membrane, Prominent in most plants,
bacteria, archaea, algae, and fungi. Not present in most ani-
mal cells.

central lympheid organ (primary lymphoid organ)
Organ in which lymphocytes are produced from precursor
cells. In adult mammals, these are the thymus and bone
MAITOW.

centriole
Short cylindrical array of microtubules, closely similar in
structure to a basal body. A pair of centrioles is usually found
at the center of a centrosome in animal cells. (Figure 16-31)

centromere
Constricted region of a mitotic chromosome that holds sister
chromatids together. Also the site on the DNA where the
kinetochore forms that captures microtubules from the
mitotic spindle. (Figure 4-50)

centrosome
Centrally located organelle of animal cells that is the primary
microtubule-organizing center (MTOC) and acts as the spin-
dle pole during mitosis. In most animal cells it contains a
pair of centrioles. (Figures 16-30 and 17-29)

CG island
Region of DNA with a greater than average density of CG
sequences; these regions generally remain unmethylated.

CGN—see cis Golgi network

channel (membrane channel)
Transmembrane protein complex that allows inorganic ions
or other small molecules to diffuse passively across the lipid
bilayer, (Figures 11-3 and 11-4)

channel-forming junction
Cell-cell junction that links the cytoplasm of adjacent cells
and provides a passageway for small molecules and ions to
pass from cell to cell. In animal tissues, composed of connexin
or innexin proteins. In plants, a similar function is performed
by plasmodesmata. (Figure 19-2, and Table 19-1, p. 1133}

channel protein
Membrane transport protein that forms an aqueous pore in
the membrane through which a specific solute, usually an
ion, can pass. Compare transporter.

chaperone (molecular chaperone)
Protein that helps guide the proper folding of other proteins,
or helps them avoid misfolding. Includes heat shock proteins
(Hsp).

checkpoint
Point in the eucaryotic cell-division cycle where progress
through the cycle can be halted until conditions are suitable
for the cell to proceed.

chelate
To combine reversibly, usually with high affinity, with a metal
ion such as iron, calcium, or magnesium.

chemical biology
Name given to a strategy that uses large-scale screening of
hundreds of thousands of small molecules in biclogical
assays to identify chemicals that affect a particular biological
process and that can then be used to study it.

chemical bond
Chemical affinity between two atoms that holds them
together. Types found in living cells include covalent bonds
and noncovalent bonds. (See alsoionic bond, hydrogen bond.}

chemiosmotic coupling (chemiosmosis)
Mechanism in which a gradient of hydrogen ions (a pH gra-
dient, or proton gradient) across a membrane is used to drive
an energy-requiring process, such as ATP production or the
rotation of bacterial flagella.
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chemokine
Chemotactic cytokine. Small secreted protein that attracts
cells, such as white blood cells, to move towards its source.
Important in the functioning of the immune system.

chemotaxis
Directed movement of a cell or organism towards or away
from a diffusible chemical.

chiasma (plural chiasmata)
X-shaped connection visible between paired homologous
chromosomes during meiosis. Represents a site of chromo-
somal crossing-aver, a form of genetic recornbination,

chimera
Whole organism formed from an aggregate of two or more
genetically different populations of cells {two or more geno-
types}, originating from different zygotes. Compare maosaic.

ChlIP—see chromatin immunoprecipitation

chitin
Abundant organic polymeric polysaccharide of N-acetylglu-
cosamine. A major component of insect exoskeletons and
the cell walls of fungi.

chloraphyll
Light-absorbing green pigment that plays a central part in
photosynthesis in bacteria, plants, and algae.

chloroplast
Organelle in green algae and plants that contains chlorophyll
and carries out photosynthesis. A specialized form of plastid.

cholesterol
An abundant lipid molecule with a characteristic four-ring
steroid structure. An important component of the plasma
membranes of animal cells. (Figure 10-4)

chondrocyte (cartilage cell)
Connective-tissue cell that secretes the matrix of cartilage.

chromatid
One of the two copies of a duplicated chromosome formed
by DNA replication during S phase. The two chromatids,
called sister chromatids, are joined at the centromere.

chromatin
Complex of DNA, histones, and nonhistone prateins found
in the nucleus of a eucaryotic cell. The material of which
chromosomes are made.

chromatin immunoprecipitation (ChIP)
Technigue by which chromosomal DNA bound by a particular
protein can be isolated and identified by precipitating it by
means of an antibody against the bound protein. (Figure 7-32)

chromatin remodeling complex
Enzyme complex that alters histone-DNA configurations in
eucaryotic chromosomnes, changing the accessibility of the
DNA to other proteins, notably those involved in transcription.

chromatography

Broad class of biochemical techniques in which a mixture of
substances is separated by charge, size, hydrophobicity, non-
covalent binding affinities, or some other property by allow-
ing the mixture to partition between a moving phase and a
stationary phase. Used to separate mixtures of proteins or
nucleic acids. See also affinity-, DNA affinity-, and high-per-
formance liquid chromatography. (Figures 8-13 and 8-14}

chromosome
Structure composed of a very long DNA molecule and asso-
ciated proteins that carries part (or all) of the hereditary
information of an organism. Especially evident in plant and
animal cells undergoing mitosis or meiosis, during which
each chromosome becomes condensed into a compact rod-
like structure visible in the light microscope.

ciliate
Single-celled eucaryotic organisin (protozoan) characterized
by numerous cilia on its surface.
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cilium (plural cilia)
Hairlike extension of a eucaryotic cell containing a core
bundle of microtubules. Many cells contain a single non-
motile cilium, while others contain large numbers that per-
form repeated beating movements. Compare flagellum.

circadian clock {circadian rhythm)
Internal cyclical process that produces a particular change in
a cell or organism with a period of around 24 hours, for
example the sleep-wakefulness cycle in humans.

cis
On the same or near side.

cisterna (plural cisternae)
Flattened membrane-bounded compartment, as found in

the endoplasmic reticulum or Golgi apparatus. (Figures 13-3
and 13-25)

citric acid cycle (tricarboxylic acid (TCA) cycle, Krebs cycle)
Central metabolic pathway found in aerobic organisms.
Oxidizes acetyl groups derived from food molecules, gener-
ating the activated carriers NADH and FADH,, some GTE,
and waste COy. In eucaryotic cells it occurs in the mitochon-
dria. (Panel 2-9, pp. 122-123)

CKI—see Cdk inhibitor protein

class I MHC protein
One of two classes of MHC protein. Found on the surface of
almost all vertebrate cell types, where it can present peptides
derived from an infecting intracellular microbe (such as a
virus) to cytotoxic T cells. {Figure 25-50)

class Il MHC protein
One of two classes of MHC protein. Found on the surface of
various antigen-presenting cells, where it presents foreign
peptides to helper T cells. (Figure 25-50)

class switch
Change from making one class of immunoglobulin (for
example, 1gM) to making another class (for example, IgG)
that many B cells underge during the course of an adaptive
immune response. Involves DNA rearrangement called
class-switch recombination. (Figure 25-41)

clathrin
Protein that assembles into a polyhedral cage on the cytoso-
lic side of a membrane so as to form a clathrin-coated pit,
which buds off by endocytosis to form an intracellular
clathrin-coated vesicle. (Figure 13-6)

cleavage
{1) Physical splitting of a cell into two. (2) Specialized type of
cell division seen in many early embryos whereby a large cell
becomes subdivided into many smaller cells without growth.

clonal selection theory

Theory that explains how the adaptive immune system can
respond to millions of different antigens in a highly specific
way. From a population of lymphocytes with a vast repertoire
of randomly generated antigen-specific receptors, a given
foreign antigen activates (selects) only those lymphocyte
clones that display a receptor that fits the antigen. (Figure
25-8)

clone

Population of identical individuals (cells or organisms)
formed hy repeated (asexual) division from a common
ancestor, Also used as a verb: “to clone a gene” means to cre-
ate multiple copies of a gene by growing a clone of carrier
cells (such as E. coli) into which the gene has been intro-
duced, and from which it can be recovered, by recombinant
DNA techniques.

cloning vector
Small DNA molecule, usually derived from a bacteriophage
or plasmid, which is used to carry the {fragment of DNA (o be
cloned into the recipient cell, and which enables the DNA
fragment to be replicated. (Figure 8-39)

coactivator
Protein that does not itself bind DNA but assembles on other
DNA-bound gene regulatory proteins to activate transcrip-
tion of a gene. (Figure 7-51)

coated vesicle
Small membrane-bounded organelle with a cage of proteins
{the coat) on its cytosolic surface. Formed by the pinching off
of a coated region of membrane (coated pit), Some coats are
made of clathrin, others are made from other proieins.

codon
Sequence of three nucleotides in a DNA or mRNA molecule
that represents the insiruction for incorporation of a specific
amino acid into a growing polypeptide chain.

coenzyme
Small molecule tightly associated with an enzyme that par-
ticipates in the reaction that the enzyme catalyzes, often by
forming a covalent bond to the substrate. Examples include
biotin, NADY, and coenzyme A.

coenzyme A (CoA)
Small molecule used in the enzymatic transfer of acyl
groups. See also aceryl CoA, and Figure 2-62.

cofactor
Inorganic ion or coenzyme required for an enzyme’s activity.

cohesin, cohesin complex
Complex of proteins that holds sister chomatids together
along their length before their separation. (Figure 17-24)

coiled-coil
Especially stable rodlike protein structure formed by two or
more alpha helices coiled around each other. (Figure 3-9)

co-immunoprecipitation (co-IP)
Method of isolating proteins that form a complex with each
other by using an antibody specific for one of the partners.

collagen
Fibrous protein rich in glycine and proline that is a major
component of the extracellular matrix in animals, conferring
tensile strength. Exists in many forms: type I, the most com-
morn, is found in skin, tendon, and bone; type II is found in
cartilage; type IV is present in basal laminae. (Figures 3-23
and 19-66)

colony-stimulating factor (CSF)
General name for numerous signal molecules that control
differentiation of blood cells.

complement system
System of serum proteins activated by antibody-antigen
complexes or by microorganisms. Helps eliminate patho-
genic microorganisms by directly causing their lysis or by
promoting their phagocytosis.

complementary
(1) Of nucleic acid sequences: capable of forming a perfect
base-paired duplex with each other. (Flgure 4-4) (2) Of other
interacting molecules, such as an enzyme and its subsirate:
having biochemical or structural features that marry up. so
that noncovalent bonding is facilitated. (Figure 2-16)

complementary DNA—see cDNA

complementation {genetic complementation)
Phenomenon in which the mating of two individuals, each
showing an abnormal phenotype, results in offspring in
which the normal (wild-type) phenotype has been restored.
Basis of a test of whether two mutations are in the same or
different genes. (Panel 8-1, pp. 554-555)

complex trait
Heritable characteristic whose transmission to progeny does
not obey simple Mendelian laws. Such traits are due to the
interaction of multiple genes and/or gene-environment
interactions,
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condensation reaction (dehydration reaction}
Chemical reaction in which two molecules are covalently
linked through —OH groups with the removal of a molecule of
water.

condensin (condensin complex) )
Complex of proteins involved in chromosome condensation
prior to mitosis. Target for M-Cdk. (Figure 17-27)

conditional mutation
Mutation that changes a protein or RNA molecule so that its
function is altered only under some conditions, such as atan
unusually high or unusually low temperature. (Panel 8-1, pp.
554-555)

confocal microscope
Type of light microscope that produces a clear image of a
given plane within a solid object. It uses a laser beam as a
pinpoint source of illumination and scans across the plane
to produce a two-dimensional “optical section.”

connective tissue
Any supporting tissue that lies between other tissues and
consists of cells embedded in a relatively large amount of
extracellular matrix. Includes bone, cartilage, and loose con-
nective tissue.

connexin
Protein component of gap junctions, a four-pass transmem-
brane protein. Six connexins assemble in the plasma mem-
brane to form a connexon, or ‘hemichannel.’ (Figure 19-34)

connexon
Water-filled pore in the plasma membrane formed by a ring
of six connexin protein subunits. Half of a gap junction: con-
nexons from two adjoining cells join to form a continuous
channel through which ions and small molecules can pass.
(Figure 19-34)

consensus sequence
Average or most typical form of a sequence that is reproduced
with minor variations in a group of related DNA, RNA, or pro-
tein sequences. Indicates the nucleotide or amino acid most
often found at each position. Preservation of a sequence
implies that it is functionally important. {Figure 6-12)

constitutive )
Occurring steadily, regardiess of circumstances; opposite of
regulated.

constitutive secretory pathway {default pathway)
Pathway present in all cells by which molecules such as
plasma membrane proteins are continually delivered to the
plasma membrane from the Golgi apparatus in vesicles that
fuse with the plasma membrane. The default route to the
plasma membrane if no other sorting signals are present.
(Figure 13-63)

contractile ring
Ring containing actin and myosin that forms under the sur-
face of animal cells undergoing cell division. Contracts to
pinch the two daughter cells apart. (Figure 17-50)

convergent extension
Rearrangement of cells within a tissue that causes it to extend
in one dimension and shrink in another. (Figure 22-76)

cooperativity
Phenomenon in which the binding of one ligand molecule to
a target molecule promotes the binding of successive ligand
molecules. Seen in the assembly of large complexes, as well
as in enzymes and receptors composed of multiple allosteric
subunits, where it sharpens the response to a ligand. (Figure
15-25)

co-receplor
In immunology: receptor an B cells or T cells that does not
bind antigen but binds to other molecules and helps the
antigen-binding receptors activate the lymphocyte. (Figure
25-57) More generally: a receptor that collaborates with
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another conventional cell-surface receptor, helping the cell
respond to secreted signal proteins. Examples are LRP (in the
wnt/p-catenin signaling pathway) and cell-surface proteo-
glycans. (Figure 15-77)

CO-YEepressor
Protein that does not itself bind DNA but assembles on other
DNA-bound gene regulatory proteins to inhibit the expres-
sion of a gene. (Figure 7-531)

cortical granule
Specialized secretory vesicle present under the plasma
membrane of unfertilized eggs, including those of mammals.
The contents of the cortical granules, released by exocytosis
after fertilization, alter the egg coat so as to prevent the entry
of further sperm.

co-translational
Occurring as translation proceeds. Examples include the
import of a protein into the endoplasmic reticulum before
the polypeptide chain is completely synthesized {(co-transla-
tional wanslocation, Figure 12-35), and the folding of a nas-
cent protein into its secondary and tertiary structure as it
emerges from a ribosome. (Figure 6-84)

co-transport (coupled transport)
Memmbrane transport process in which the transfer of one
molecule depends on the simultaneous or sequential trans-
{er of a second molecule, (Figure 11-8)

coupled reaction
Linked pair of chemical reactions in which the free energy
released by one serves to drive the other. (Figure 2-51)

covalent bond
Stable chemical link between two atoms produced by shar-
ing one or more pairs of electrons. (Figure 2-5 and Panel 2-1,
pp. 106-107)

Cre/lox

Site-specific recombination system used to produce condi-
tional mutants in which the target gene can be excised in a
specific tissue or at a specific time. A site-specific recombi-
nase (Cre) is introduced under the control of a promoter that
will activate # as required. The gene to he disrupted is
flanked by introduced lox sequences, at which the activated
Cre operates to excise the gene. (Figure 5-79)

crista (plural cristae}
Invagination of the inner mitochondrial membrane.

critical concentration
Concentration of a protein monomer, such as actin or tubu-
lin, that is in equilibrium with the assembled form of the pro-
tein (i.e., assembled into actin filaments or microtubules,
respectively). (Panel 16-2, pp. 978-979)

crossover (chiasma)
In meiotic recombination, a site on the paired chromosomes
where a segment of a maternal chromatid is exchanged for a
corresponding segment of a homologous paternal chro-
matid {Figures 21-6 and 21-10)

cross-strand exchange—see Holliday junction

cryptochrome
Flavoprotein responsive to blue light, found in both plants
and animals. In animals, it is involved in circadian rhythms,

C terminus (carboxyl terminus}
The end of a polypeptide chain that carries a free carboxyl
(-COOH) group. (Figure 3-1)

cut-and-paste transposition
Type of movement of a transposable element in which the
element is cut out of the DNA and inserted into a new site by
a special transposase enzyme. (Figure 5-69)

cvclic AMP {cAMP)
Nucleotide that is generated from ATP by adenylyl cyclase in
response to various extracellular signals. It acts as small
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intracellular signaling molecule, mainly by activating cAMP-
dependent protein kinase (FKA). It is hydrolyzed to AMP by a
phosphodiesterase. (Figure 15-34}

cyclic AMP-dependent protein kinase (protein kinase A, PKA)
Enzyme that phosphorylates target proteins in response to a
rise in intracellular cyclic AMP: (Figure 15-35)

cyclic GMP (¢cGMP)
Nucleotide that is generated from GTP by guanylyl cyclase in
respanse to various extracellular signals.

cyclin
Protein that periodically rises and falls in concentration in
step with the eucarvotic cell cycle. Cyclins activate crucial
protein kinases (called cyclin-dependent protein kinases, or
Cdks] and thereby help control progression from one stage
of the cell cycle to the next.

cyclin-Cdk complex
Protein complex formed periodically during the eucaryotic
cell eycle as the level of a particular cyclin increases. A cyclin-
dependent kinase (Cdk) then becomes partially activated.
(Figures 17-15 and 17-16, and Table 17-1, p. 1063)

cyclin-dependent kinase (Cdk)
Protein kinase that has to be complexed with a cyclin protein
in order to act. Different Cdk-cyclin complexes trigger differ-
ent steps in the cell-division cycle by phosphorvlating spe-
cific target proteins. (Figure 17-15)

cyclosome—see anaphase-promoting complex

cytochrome
Colored heme-containing protein that transfers electrons
during respiration and photosynthesis.

cytochrome b-¢; complex
Second of the three electron-driven proton pumps in the
respiratory chain. Accepts electrons from ubiquinone.
(Figure 14-26)

cytochrome ¢
Soluble component of the mitochondrial electron-transport
chain. Its release into the cytosol from the mitochondrial
intermembrane space also initiates apoptosis. (Figure 14-26)

cytochrome oxidase complex
Third of the three electron-driven proton pumps in the res-
piratory chain. It accepts electrons from cytochrome ¢ and
generates waler using molecular oxygen as an electron
acceptor. (Figure 14-26)

cytokine
Extracellular signal protein or peptide thar acts as a local
mediator in cell-cell communication.

cytokine receptor
Celt-surface receptor that binds a specific cytokine or hor-
mone and acts through the Jak-STAT signaling pathway.
(Figure 15-68)

cytokinesis
Division of the cytoplasm of a plant or animal cell into two,
as distinct from the associated division of its nucleus (which
is mitosis), Part of M phase. (Panel 17-1, pp. 1072-1073)

cytoplasm
Contents of a cell that are contained within its plasma mem-
brane but, in the case of eucaryotic cells, outside the nucleus.

cytoplasmic tyrosine kinase
Enzymes activated by certain cell-surface receptors (tyro-
sine-kinase-associated receptors) that transmit the receptor
signal onwards by phosphorylating target cytoplasmic pro-
teins on tyrosine side chains.

cytoskeleton
System of protein filaments in the cytoplasm of a eucaryotic
cell that gives the cell shape and the capacity for directed
movement. Its most abundant components are actin fila-
ments, microtubules, and intermediate filaments.

cytosol
Contents of the main compartment of the cytoplasm,
excluding membrane-bounded organelles such as endoplas-
mic reticulum and mitochondria.

cytotoxic T cell (killer T cell)
Type of T cell responsible for killing host cells infected with a
virus or another type of intracellular pathogen.

DAG—see diacylglycerol

dalton
Unit of molecular mass. Approximately equal to the mass of
a hydrogen atom (1.66 x 10721 g).

death receptor
Transmembrane receptor protein that can signal the cell to
undergo apoptosis when it binds its extracellular ligand.
{Figure 18-6)

default secretory pathway—see constitutive secretary pathway

degenerate
Not a moral judgment but an adjective describing multiple
states that amount to the same thing: different triplet combi-
nations of nucleotide bases (codons) that code for the same
arnino acid, for example.

dehydration reaction—see condensation reaction

dehydrogenase
Enzyme that removes a hydride ion (H"), equivalent to a pro-
ton plus two electrons from a substrate molecule.

delta G—seefree-energy change
delta G°>—see standard free-energy change

denaturation
Dramatic change in confurmation of a protein or nucleic
acid caused by heating or by exposure to chemicals. Usually
results in the loss of biclogical function.

dendrite
Extension of a nerve cell, olten elaborately branched, that
receives stimuli from other nerve cells,

dendritic cell
The most potent type of antigen-presenting cell, which takes
up antigen and processes it for presentation to T cells.

deoxyribonucleic acid—see DNA

deoxyribose
The five-carbon monosaccharide component of DNA.
Differs from ribose in having H at the 2-carbon pasition
rather than OH. CsH;504. Compare ribose.

depolarization
Shift in a cell's membrane potential to a less negative value
inside.

dermis
Thick underlying layer of connective tissue in the skin,
beneath the epidermis. Rich in collagen,

desensitization—see adaptation

desmosome
Anchoring cell-cell junction, usuaily formed between two
epithelial cells. Characterized by dense plaques of protein
into which intermediate filaments in the two adjoining cells
insert. {Figure 19-3)

determination
In developmental biology, an embryonic cell is said to be
determined if it has become committed to a particular spe-
cialized path of development. Determination reflects a change
in the internal character of the cell, and it precedes the much
more readily detected process of cell differentiation.

diacylglycerol (DAG)
Lipid produced by the cleavage of inositol phospholipids in
response to extracetlular signals, Composed of two fatty acid
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chains linked to glycerol, it serves as a small signaling mole-
cule to help activate protein kinase C (PKC). (Figure 15-38)

dideoxy method
The standard enzymatic method of DNA sequencing. (Figure
8-50)

differential-interference-contrast microscope
Type of light microscope that exploits the interference effects
that occur when light passes through parts of a cell of differ-
ent refractive indexes. Used to view unstained living cells.

differentiation
Process by which a cell undergoes a change to an overtly spe-
cialized cell type.

diffusion
Net drift of molecules in the direction of lower concentration
due to random thermal movement.

diploid
Containing a double genome (two sets of homologous chro-
masomes and hence two copies of each gene or genetic
locus). Compare haploid.

dissociation constant (K3}
Measure of the tendency of a complex to dissociate. For com-
ponents A and B and the binding equilibrium A + B = AB, the
dissociation constant is given by [A][B]/[AB], and it is smaller
the tighter the binding between A and B. The dissociation
constant (Kg) is the reciprocal of K,. See also affinity con-
stant, equilibrium constant. (Figure 3-43)

disulfide bond (-S-5-)
Covalent linkage formed between two sulfhydryl groups on
cysteines, For extracellular proteins, a common way of join-
ing two proteins together or linking different parts of the
same protein. Formed in the endoplasmic reticulum of
eucaryotic cells. (Panel 2-1, p. 107, and Figure 3-28)

DNA (deoxyribonucleic acid)
Palynucleotide formed from covalently linked deoxyribonu-
cleotide units. The store of hereditary information within a
cell and the carrier of this information from generation to
generation. (Figure 4-3 and Panel 2-6, pp. 116-117)

DNA affinity chromatography
Technique for purifying sequence-specific DNA-binding
proteins by their binding to a matrix to which the appropri-
ate DNA fragments are attached. (Figure 7-28)

DNA footprinting
Technique for determining the DNA sequence to which a
DNA-binding protein binds. {Figure 7-29)

DNA helicase
Enzyme that is involved in opening the DNA helix into its
single strands for DNA replication.

DNA library
Collection of cloned DNA molecules, representing either an
entire genome (genomic library) or complementary DNA
copies of the mRNA produced by a cell (cDNA library).

DNA ligase
Enzyme that joins the ends of two strands of DNA together
with a covalent bond to make a continuous DNA strand.

DNA methylation
Addition of methyl groups to DNA. Extensive methylation of
the cytosine base in CG sequences is used in vertebrates to
keep genes in an inactive state.

DNA microarray
A large array of short DNA molecules (each of known
sequence) bound to a glass microscope slide or other suit-
able support. Used to monitor expression of thousands of
genes simultaneously: mRNA isolated from test cells is con-
verted to cDNA, which in turn is hybridized to the microar-
ray. (Figure 8-73)
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DNA-only transposon
Transposable element that exists as DNA throughout its life
cycle. Many move by cut-and-paste transposition. See also
transposon.

DNA polymerase
Enzyme that synthesizes DNA by joining nucleotides
together using a DNA template as a guide,

DNA primase
Enzyme that synthesizes a short strand of RNA on a DNA tem-
plate, producing a primer for DNA synthesis. (Figure 5-11)

DNA replication
Process by which a copy of a DNA molecule is made.

DNA tumor virus
General term for a variety of different DNA viruses that can
cause tumors. (Figure 20-43)

domain {protein domain)
Portion of a protein that has a tertiary structure of its own.
Larger proteins are generally composed of several domains,
each connected to the next by short flexible regions of
polypeptide chain. Homologous domains are recognized in
many different proteins.

dominant
In genetics, the member of a pair of alleles that is expressed
in the phenotype of an organism while the other allele is not,
even though both alleles are present. Opposite of recessive.
(Panel 8-1, pp. 554-555)

dominant negative mutation
Mutation that dominantly affects the phenotype, blocking
gene activity and causing a loss-of-function phenotype even
in the presence of a normal copy of the gene. (Panel 8-1, pp.
554-555)

double helix
The three-dimensional structure of DNA, in which two anti-
parallel DNA chains, held together by hydrogen bonding
between the bases, are wound into a helix. (Figure 4-5)

Drosophila melanogaster
Species of small fly, commonly called a fruit fly,. A model
organism in molecular genetics.

duplex DNA
Double-stranded DNA.

dynamic instability
Sudden conversion from growth to shrinkage, and vice versa,
in a protein filament such as a microtubule or actin filament.
{Panel 16-2, pp. 978-979)

dynamin
Cytosolic GTPase that binds to the neck of a clathrin-coated
vesicle in the process of budding from the membrane, and
which is involved in completing vesicle formation.

dynein
Large motor protein that undergoes ATP-dependent move-
ment along microtubules.

E. coli—see Escherichia coli

ectoderm
Embryonic epithelial tissue that is the precursor of the epi-
dermis and nervous system.

effector cell
Cell that carries out the final response or function in a par-
ticular process. The main effector cells of the immune sys-
tem, far example, are activated lymphocytes and phagocytes
that help eliminate pathogens.

EZ2F protein
Gene regulatory protein that switches on many genes that
encode proteins required for entry into the S-phase of the
cell cycle.
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elF—see eucaryotic initiation factor

elastic fiber
Extensible fiber formed by the protein elastin in many ani-
mal connective tissues, such as in skin, blood vessels, and
lungs, which gives them their stretchability and resilience.

elastin )
Extracellular protein that forms extensible fibers (elastic
fibers) in connective tissues.

electrochemical gradient
Combined influence of a difference in the concentration of
an ion on two sides of a membrane and the electrical charge
difference across the membrane (membrane potential). lons
or charged molecules can move passively only down their
electrochemical gradient.

electron
Negatively charged subatomic particle that orbits the
nucleus in an atom, (Figure 2-1)

electron acceptor
Atom or molecule that takes up electrons readily, thereby
gaining an electron and becoming reduced.

electiron carrier
Molecule such as cytochrome ¢, NADH, NADPH, and FADH,
which carries electrons and transfers them from donor mol-
ecules to acceptor molecules. See also electron transport
chain, and Figure 2-60.

electron donor
Molecule that easily gives up an electron, becoming oxidized
in the process.

electron microscope
Microscope that uses a beam of electrons to create the
image.

electron-microscope tomography (EM tomography)
Technique for viewing three-dimensional specimens in the
electron microscope in which multiple views are taken from
different directions by tilting the specimen holder. The views
are combined computationally to give a three-dimensional
image.

electron-transport chain

Series of reactions in which electron carrier molecules pass
electrons ‘down the chain’ from a higher to successively
lower energy levels, to a final acceptor molecule. The energy
released during electron movement can be used to power
various processes, Electron-transport chains present in the
inner mitochondrial membrane (called the respiratory
chain) and in the thylakoid membrane of chloroplasts gener-
ate a proton gradient across the mernbrane that is used to
drive ATP synthesis. See especially Figutes 14-3 and 14-10.

electrophoresis
Technique for separating molecules (typically proteins or
nucleic acids) on the basis of their speed of migration
through a porous medium when subjected to a strong elec-
tric field.

electroporation
Method for introducing DNA into cells, especially bacteria,
in which a brief electric shock makes the cell membrane
temporarily permeable to the foreign DNA,

elongation factor (EF)
Nomenclature used in both transcription and translation, In
transcription, elongation factors associate with RNA poly-
merase and allow it to transcribe long stretches of DNA with-
out dissociating. In translation, elongation factors bind to
the ribosome and, by hybridizing GTP, drive the addition of
amino acids to the growing peolypeptide chain.

EM tomography—see electron-microscope tomography

embryonic stem cell (ES cell)
Cell derived from the inner cell mass of the early mammalian

embryo. Capable of giving rise to all the cells in the body. Can
be grown in culture, genetically modified, and inserted into a
blastocyst to develop a transgenic animal.

endocrine
Relating to hormones or the glands that secrete them.

endocrine cell
Specialized animal cell that secretes a hormone into the
blood. Usually part of a gland, such as the thyroid or pituitary
gland.

endocrine signaling
Signaling via hormones released by endocrine glands into
the bloodstream and carried to distant target cells that have
receptors that bind the specific hormone. (Figures 15-4 and
15-5)

endocytosis
Uptake of material into a cell by an invagination of the
plasma membrane and its internalization in a membrane-
bounded vesicle. See also pinocytosis and phagocytosis.

endoderm
Embryonic tissue that is the precursor of the gut and associ-
ated organs.

endonuclease

Enzyme that cleaves nucleic acids within the polynucleotide
chain. Compare exonuclease.

endoplasmic reticulum {ER)
Labyrinthine membrane-bounded compartment in the
cytoplasm of eucaryotic cells, where lipids are synthesized
and membrane-bound proteins and secretory proteins are
made. (Figure 12-36)

endosome
Membrane-bounded organelle in animal cells that carries
matetials newly ingested by endocytosis and passes many of
them on to lysosomes for degradation.

endothelial cell

Flattened cell type that forms a sheet (the endothelium) lin-
ing all blood and lymphatic vessels.

enhancer
Regulatory DNA sequence to which gene regulatory proteins
bind, increasing the rate of transcription of a siructural gene
that can be many thousands of base pairs away.

entropy (S}
Thermodynamic quantity that measures the degree of disor-
der or randomness in a system; the higher the entropy, the
greater the disorder. (Panel 2-7, pp. 118-119)

enveloped virus
Virus with a capsid surrounded by a lipid bilayer membrane
(the envelope), which is derived from the host cell plasma
membrane when the virus buds from the cell. (Figure 24-15)

enzyme
Protein that catalyzes a specific chemical reaction.

enzyme-coupled receptor
A major type of cell-surface receptor that has a cytoplasmic
domain that either has enzymatic activity or is associated
with an intracellular enzyme. In either case, the enzymatic
activity is stimulated by an extracellular ligand binding to the
receptor. (Figure 15-16)

Eph receptor
The most numerous type of receptor tyrosine kinase {RTK}
that recognizes Ephrins. {Figure 15-52)

Ephrin
One of a family of membrane-bound protein ligands for the
Eph receptor tyrosine kinases (RTKs) that, among many
other functions, stimulate repulsion or attraction responses
that guide the migration of cells and nerve cell axons during
animal development.
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epidermis
Epithelial layer covering the outer surface of the body. Has
different structures in different animal groups. The outer
layer of plant tissue is also called the epidermis.

epigenetic inheritance
Inheritance of phenotypic changes in a cell or organism that
do not result frem changes in the nucleotide sequence of
DNA. Can be due to positive feedback loops of gene regula-
tory proteins or to heritable modifications in chromatin such
as DNA methylation or histone modifications causing hete-
rochromatin formation. (Figures 4-35 and 7-86)

epinephrine—see adrenaline

epistatic
Describes a mutation in one gene that masks the effect of a
mutation in another gene when both mutations are present
in the same organism or cell.

epithelium (plural epithelia)
Sheet of cells covering the outer surface of a structure or lin-
ing a cavity.

epitope—see antigenic determinant

equilibrium constant (K)
Ratico of forward and reverse rate constants for a reaction.
Equal to the association or affinity constant (K,) for a simple
binding reaction (A + B = AB). Se¢ also affinity constant, dis-
sociation constant. (Figure 3—43)

ER—see endoplasmic reticulum

ER lumen
Space enclosed by the membrane of the endoplasmic
reticulum (ER).

ER resident protein
Protein that remains in the endoplasmic reticulumn (ER) or its
membranes and carries out its function there, as opposed to
proteins that are present in the ER only in transit.

ER retention signal
Short amino acid sequence on a protein that prevents it from
moving out of the endoplasmic reticulum (ER). Found on
proteins that are resident in the ER and function there.

ER signal sequence
N-terminal signal sequence that directs proteins to enter the
endoplasmic reticulum (ER}. Cleaved off by signal peptidase
after entry.

erythrocyte (red blood ceil)
Small hemoglobin-containing blood cell of vertebrates that
transports oxygen to, and carbon dioxide from, tissues.
(Figure 11-40)

erythropoietin
A hormone preduced by the kidney that stimulates the pro-

duction of red blood cells in bone marrow.
ES cell—see embryonic stem cell

Escherichia coli (E. coli}
Rodlike bacterium normally found in the colon of humans
and other mammals and widely used in biomedical research.

ester
Molecule formed by the condensation reaction of an alcohol
group with an acidic group. Phosphate groups usually form
esters when linked to a second molecule. (Panel 2-1, pp.
106-107)

eubacteria
True bacteria, in contradistinction to archaea (archaebacte-
ria). (Figure 1-21)

eucaryote {eukaryote)
QOrganism composed of one or more cells that have a distinct

nucleus. Member of one of the three main divisions of the
living world, the other two being Bacteria and Archaea.
(Figure 1-21)
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eucaryotic initiation factor (elIF)
Protein that helps load initiator tRNA on to the riboseme,
thus initiating translation.

euchromatin
Region of an interphase chromosome that stains diffusely;
“normal” chromatin, as opposed to the more condensed het-
erochromatin.

excision repair—see base excision repair

exocytosis
Process by which most molecules are secreted from a
eucaryotic cell, These molecules are packaged into mem-
brane-bounded vesicles that fuse with the plasma mem-
brane and release their contents to the outside.

exan
Segment of a eucaryotic gene that consists of a sequence of
nucleotides that will be represented in mRNA or in the final
transfer, ribosomal, or other mature RNA molecule. In pro-
tein-ceding genes, exons encode the amino acids in the pro-
tein. An exon is usually adjacent to a noncoding DNA seg-
ment called an intron. (Figure 4-15)

exonuclease
Enzyme that cleaves nucleotides one at a time from the ends
of polynucleotides. Compare endonuclease.

expression vector
A virus or plasmid that carries a DNA sequence into a suit-
able host cell and there directs the synthesis of the protein
encoded by the sequence. (Figure 8-48)

extracellular matrix
Complex network of polysaccharides (such as glycosamino-
glycans or cellulose) and proteins (such as collagen) secreted
by cells, and in which the cells are embedded.

extracellular signal molecule
Any secreted or cell-surface chemical signal that binds to
receptors and regulates the activity of the cell expressing the
receptor.

facilitated diffusion—see passive transport

FAD/FADH: (flavin adenine dinucleotide/reduced flavin
adenine dinucleotide)
Eleciron carrier system that functions in the citric acid cycle.
One molecule of FAD gains two electrons plus two protons in
becoming the activated carrier FADH;. (Figure 2-83)

FAK—see focal adhesion kinase

Fas (Fas protein, Fas death receptor)
Transmembrane death receptor that initiates apoptosis when
it binds its extracellular ligand (Fas ligand). (Figure 18-6)

fat
Energy-storage lipid in cells. Composed of triglycerides—
fatty acids esterified with glycerol.

fatty acid
Carboxylic acid with a long hydrocarbon tail. A majar source
of energy during metabolism and a starting point for the syn-
thesis of phospholipids. (Panel 2-5, pp. 114-115)

Fc receptor
One of a family of cell-surface receptors that bind the tail
region (Fc region) of an antibody {immunoglobulin} mole-
cule. Different Fc receptors are specific for different classes
of antibodies such as IgG, IgA, or IgE.

feedback inhibition
The process in which a product of a reaction feeds back to
inhibit a previous reaction in the same pathway. (Figures
3-56 and 3-57)

fermentation
Anaerobic energy-yielding metabolic pathway. In anaerobic
glycolysis, for instance, pyruvate is converted into lactate or
ethanol, with the conversion of NADH to NAD*. (Figure 2-71)
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fertilization
Fusion of a male and a female gamete (bhoth haploid) to form
a diploid zygote, which develops into a new individual.

FoF; ATPase—see ATP synthase

fibroblast
Common cell type found in connective tissue. Secretes an
extracellular matrix rich in collagen and other extracellular
matrix macromolecules. Migrates and proliferates readily in
wounded tissue and in tissue culture.

fibronectin
Extracellular matrix protein involved in adhesion of cells to
the matrix and guidance of migrating cells during embryoge-
nesis. Integrins on the cell surface are receptors for
fibronectin.

filopodium (plurai filopodia) (microspike)
Thin, spike-like protrusion with an actin filament core, gen-
erated on the leading edge of a crawling animal cell. (Figure
16-47)

FISH—see fluorescence in situ hybridization

fission yeast
Common name for the yeast model organism Schizosaccharo-
myces pombe. It divides to give two equal-sized cells.

fixative
Chermnical reagent such as formaldehyde, glutaraldehyde, or
osmium tetroxide used to preserve cells for microscropy.
Samples treated with these reagents are said to be ‘fixed,” and
the process is called fixation.

flagellum (plural flagella)
Long, whiplike protrusion whose undulations drive a cell
through a fluid medium. Eucaryotic flagella are longer versions
of cilia. Bacterial flagella are smaller and completely different
in construction and mechanism of action. Compare cilium.

flavin adenine dinucleotide—see FAD/FADH,

fluorescence
Light emission exhibited by some substances (fluo-
rochromes) as their electrons, having been excited by
absorption of light, return to their normal lower energy state.
The emitted radiation is always at a lower energy {longer
wavelength) than the absorbed radiation.

fluorescence-activated cell sorter (FACS)
Machine that sorts cells according to their fluorescence.
(Figure 8-2)

fluorescence in situ hybridization (FISH)
Technique in which fluorescently labeled nucleic acid
probes hybridize to specific DNA or RNA sequences in situ.

fluorescence microscope
Microscope designed to view material stained with fluores-
cent dyes. Similar to a light microscope but the illuminating
light is passed through one set of filters before the specimen,
to select those wavelengths that excite the dye, and through
another set of filters before it reaches the eye, to select only
those wavelengths emitted when the dye fluoresces.

fluorescence recovery after photobleaching (FRAP)
Technique for monitoring the kinetic parameters of a protein
by analyzing how fluorescent protein molecules move into
an area of the cell bleached by a beam of laser light.

fluorescence resonance energy transfer (FRET)
Technique for monitoring the closeness of two fluorescently
labeled molecules (and thus their interaction} in cells.
(Figure 8-26)

focal adhesion, (focal contact, adhesion plaque)
Anchoring cell junction, forming a small region on the sur-
face of a fibroblast or other cell that is anchored to the extra-
cellular matrix. Attachment is mediated by transmembrane
proteins such as integrins, which are linked, through other
proteins, to actin filaments in the cytoplasm.

focal adhesion kinase (FAK)
Cytoplasmic tyrosine kinase present at cell-matrix junctions
{focal adhesions) in association with the cytoplasmic tails of
integrins.

follicle cell
One of the cell types that surround a developing cocyte or
egg. (Figure 21-24)

footprinting—see DNA footprinting
FRAP—see fluorescence recovery after photobleaching

free energy (G) (Gibbs free energy)
The energy that can be extracted from a system to drive reac-
tions. Takes into account changes in both energy and
entropy. (Panel 2-7, pp. 118-119)

free-energy change (AG)
Change in the free energy during a reaction: the free energy of
the product molecules minus the free energy of the starting
molecules. A large negative value of AGindicates that the reac-
tion has a strong tendency to occur. (Panel 2-7, pp. 118-119)

free radical
Atom or molecule which is extremely reactive by virtue of its
having at least one unpaired electron. Responsible for much
intracellular DNA damage.

free ribosome
Ribosome that is free in the cytosol, unattached to any mem-
brane.

freeze-fracture electron microscapy
Technique for studying membrane structure, in which the
membrane of a frozen cell is fractured along the interior of
the bilayer, separating it into the two monolayers with the
interior faces exposed.

FRET—se¢e [Tuorescence resonance energy transfer

fungus (plural fungi)
Kingdom of eucaryotic organisms that includes the yeasts,
malds, and mushrooms. Many plant diseases and a relatively
small number of animal diseases are caused by fungi.

fusion protein
Engineered protein that combines two or more normally
separate polypeptides. Produced from a recombinant gene.

G—see free energy

AlG—see free energy change

AG*—see standard free energy change
Gi—see inhibitory G protein

Gq
Class of G protein that couples GPCRs to phospholipase C-f§
to activate the inositol phospholipid signaling pathway.

Gs—see stimulatory G protein
GAG—see glycosaminoglycan

gain-of-function mutation
Mutation that increases the activity of a gene, or makes it
active in inappropriate circumstances. Usually dominant.
(Panel 8-1, pp. 554-555)

gamete
Specialized haploid cell (a sperm or egg) formed from pri-
mordial germ cells by meiosis and specialized for sexual
reproduction. See also germ cell,

gamma-tubulin ring complex (YTuRC)
Protein complex containing v-tubulin and other proteins
that is an efficient nucleator of microtubules and caps their
minus ends.

ganglion {plural ganglia)
Cluster consisting mainly of neuronal cell bodies and associ-
ated glial cells, located outside the central nervous system.
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ganglioside
Any glycolipid having one or more sialic acid residues in its
structure. Found in the plasma membrane of eucaryotic cells
and especially abundant in nerve cells. (Figure 10-18)

GAP—see GTPase-aciivating protein

gap gene
In Drosophila development, a gene that is expressed in spe-
cific broad regions along the anteroposterior axis of the early
embryo, and which helps designate the main divisions of the
insect body. (Figure 22-37)

gap junction
Communicating channel-forming cell-cell junction present
in most animal tissues that allows ions and small molecules
to pass from the cytoplasm of one cell to the cytoplasm of the
next.

gastrulation
Stage in animal embryogenesis during which the embryo is
transformed from a ball of cells to a structure with a gut {a
gastrula). (Figure 22-3)

G,-Cdk
Cyclin-Cdk complex formed in vertebrate cells by a Gy -cyclin
and the corresponding cyclin-dependent kinase (Cdk).
(Table 17-1, p. 1063)

Gj-cyclin
Cyclin present in the Gy phase of the eucaryotic cell cycle.
Forms complexes with Cdks that help govern the activity of
the G1/S-cyclins, which control progression to S-phase.

GEF—see guanine nucleotide exchange factor

gel-mobility shift assay
Technique for detecting proteins bound to a specific DNA
sequence by the fact that the bound protein slows down the
migration of the DNA fragment through a gel during gel elec-
trophoresis. (Figure 7-27)

gel-transfer hybridization—see hlotting
geminin
Protein that prevents the formation of new prereplicative

complexes during S phase and mitosis, thus ensuring that
the chromosomes are replicated only once in each cell cycle.

gene
Region of DNA that is transcribed as a single unit and carries
information for a discrete hereditary characteristic, usually
corresponding to (1) a single protein (or set of related pro-
teins generated by variant post-transcriptional processing),
or (2) a single RNA (or set of closely related RNAs).

gene activator protein—see activator

gene control region
The set of linked DNA sequences regulating expression of a
particular gene. Includes promoter and regulatory
sequences required to initiate transcription of the gene and
control the rate of initiation. [Figures 7-37 {procaryotes} and
7-44 (eucaryotes}]

gene conversion
Process by which DNA sequence information can be trans-
ferred from one DNA helix (which remains unchanged) to
another DNA helix whose sequence is altered. It often
accompanies general recombination events. (Figure 5-66)

gene expression
Production of an abservable molecular product (RNA or pro-
tein) by a gene.

general recombination, general genetic recombination—see
homologous recombination

general transcription factor
Any of the proteins whose assembly at a promoter is required
for the binding and activation of RNA polymerase and the
initiation of transcription. {Table 6-3, p. 341)
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gene regulatory protein
General name for any protein that binds to a specific DNA
sequence to influence the transcription of a gene.

gene repressor protein—see repressor

genetic code
Set of rules specifying the correspondence between
nucleotide triplets (codons) in DNA or RNA and amino acids
in proteins. (Figure 6-50}

genetic engineering (recombinant DNA technology)
Collection of techniques by which DNA segments from dif-
ferent sources are combined to make a new DNA, often
called a recombinant DNA. Recombinant DNAs are widely
used in the cloning of genes, in the genetic modification of
organisms, and in molecular biclogy generally.

genetic Instability
Abnormally increased spentaneous mutation rate, such as
occurs in cancer cells.

genetic mosaic—see mosaic
genetic recombination—see recombination

genetic redundancy
The presence of two or more similar genes with overlapping
functions.

genetics
The study of the genes of an organism on the basis of hered-
ity and variation,

genetic screen
Procedure for discovery of genes affecting specific aspects of
the phenotype by surveying large numbers of mutagenized
individuals.

genome
The totality of genetic information belonging to a cell or an
organismy; in particular, the DNA that carries this information.

genomic DNA
DNA constituting the genome of a cell or an organism. Often
used in contrast to cDNA (DNA prepared by reverse iran-
scription from mBRNA). Genomic DNA clones represent DNA
cloned direcily from chromosomal DNA, and a collection of
such clones from a given genome is a genomic DNA library.

genomic imprinting
Phenomenon in which a gene is either expressed or not
expressed in the offspring depending on which parent it is
inherited from. (Figure 7-82)

genomics
Study of the DNA sequences and properties of entire
genomes,

genotype
Genetic constitution of an individual cell or organism. The
particular combination of alleles found in a specific individ-

ual. (Panel 8-1, pp. 554-555)

germ cell
A cell in the germ line of an organism, which includes the
haploid gametes and their specified diploid precursor cells.
Germ cells contribute to the formation of a new generation
of organisms and are distinct from somatic cells, which form
the body and leave no descendants.

germ layer
One of the three primary tissue layers (endoderm, meso-
derm, and ectoderm) of an animal embryo. (Figure 22-70)

germ line
The cell lineage that consists of the haploid gametes and
their specified diploid precursor cells.

GFP—see green fluorescent protein

Gibbs free energy—see free energy
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giga-
Prefix denoting one billion (10%).

glial cell
Supporting nonneural cell of the nervous system. Includes
oligedendrocytes and astrocyles in the vertebrate central
nervous system and Schwann cells in the peripheral nervous
systern.

glucagon
Hormone produced in the pancreas that stimulates liver
cells to convert stored giycogen to glucose, leading to a rise
in blnod sugar levels. Effect is opposite to that of insulin.

glucose
Six-carbon sugar that plays a major role in the metabolism of
living cells. Stored in polymeric form as glycogen in animal
cells and as starch in plant cells. (Panel 2-4, pp. 112-113)

glycerol
Small organic molecule that is the parent compound of

many small molecules in the cell, including phospholipids.
{(Panel 2-5, pp. 114-115)

glycogen
Polysaccharide composed exclusively of glucose units. Used

to store energy in animal cetls, Large granules of glycogen are
especially abundant in liver and muscle cells. (Figure 2-75
and Panel 24, pp. 112-113)

glycolipid
Lipid molecule with a sugar residue or oligosaccharide
attached. (Panel 2-5, pp. 114-115)

glycolysis
Ubiguitous metabolic pathway in the cytosol in which sugars
are incompletely degraded with production of ATP Literally,
“sugar splitting.” (Figure 2-70 and Panel 2-8 , pp. 120-121}

glycoprotein
Any protein with one or more cligosaccharide chains cova-
lently linked to amino-acid side chains. Most secreted pro-
teins and most proteins exposed on the outer surface of the
plasma membrane are glycoproteins.

glycosaminoglycan (GAG)
Long, linear, highly charged polysaccharide composed of a
repeating pair of sugars, one of which is always an amino
sugar. Mainly found covalently linked to a protein core in
extracellular matrix proteoglycans. Examples include chon-
droitin sulfate, hyaluronan, and heparin. (Figure 19-55)

glycosidic bond
Chemical bond formed by a condensation reaction between
a hydroxyl group on the sugar carbon atom that carries the
aldehyde or the ketone and another molecule, often another
sugar. Glycosidic bonds are found in numercus structures
including polysaccharides, nucleic acids, and glycoproteins.
See O-linked and N-linked oligosaccharides. (Panel 2-4,
pp. 112-113)

glycosylase—see DNA glycosylase

glycosylation
Addition of one or more sugars to a protein or lipid molecule.

glycosylphosphatidylinositol anchor—see GPI anchor

G2/M checkpoint
Point in the eucaryotic cell cycle at which the cell checks for
completion of DNA replication before triggering the early
mitotic events that lead to chromosome alignment on the
spindle. (Figure 17-14)

Golgi apparatus (Golgi complex)
Complex organelle in eucaryotic cells, centered on a stack of
fattened membrane-bounded spaces, in which proteins and
lipids transferred from the endoplasmic reticulum are mod-
ified and sorted. It is the site of synthesis of many cell wall
polysaccharides in plants and extracellular matrix gly-
cosaminoglycans in animal cells. (Figure 13-25)

Gg phase
State of withdrawal from the eucaroytic celi-division cycle by
entry into a quiescent digression from the G phase. A com-
mon, sometimes permanent, state for differentiated cells,

G phase
Gap 1 phase of the eucaryotic cell-division cycle, between the
end of mitosis and the start of DNA synthesis. (Figure 17—4)

Gz phase
Gap 2 phase of the eucaryotic cell-division cycle, between
the end of DNA synthesis and the beginning of mitosis.
(Figure 17-4)

GPI anchor (glycosylphosphatidylinositol anchor)
Lipid linkage by which some membrane proteins are bound
to the membrane. The protein is joined, via an oligosaccha-
ride linker, to a phosphatidylinositol anchor during its travel
through the endoplasmic reticulum. (Figure 10-19(6))

G protein (trimeric GTP-binding protein)
A trimeric GTP-binding protein with intrinsic GTPase activ-
ity that couples GPCRs to enzymes or ion channels in the
plasma membrane. (Table 15-3, p. 919)

G-protein-coupled receptor (GPCR)
A seven-pass cell-surface receptor that, when activated by its
extracellular ligand, activates a G protein, which in turn, acti-
vates either an enzyme or ion channel in the plasma mem-
brane, (Figures 15-16 and 15-30)

grana (singular granum)
Stacked membrane discs (thylakeids) in chloroplasts that
contain chlorophyll and are the site of the light-trapping
reactions of photosynthesis. (Figures 14-35 and 14-36)

granulocyte
Category of white blood cell distinguished by conspicuous
cytoplasmic granules. Includes neutraphils, basophils, and
eosinophils. Arises from a granulocyte/macrophage (GM)
progenitor cell. (Figure 23-37)

green fluorescent protein (GFP)
Fluorescent protein isolated from a jellyfish. Widely used as a
marker in cell biology.

growth cone
Migrating motile tip of a growing nerve cell axon or dendrite.
(Figure 16-105)

growth factor
Extracellular signal protein that can stimulate a cell to grow.
They often have other functions as well, including stimulat-
ing cells to survive or proliferate. Examples include epider-
mal growth factor (EGF) and platelet-derived growth factor
(PDGEF).

G1/S-Cdk
Cyclin-Cdk complex formed in vertebrate cells by a G;/8-
cyclin and the corresponding cyclin-dependent kinase
{Cdk). (Figure 17-16 and Table 17-1, p. 1063)

G1/8-cyclin
Cyclin that activates Cdks in late ) of the eucaryotic cell
cycle and thereby helps trigger progression through Start,
resulting in a commitment to cell-cycle entry, Its level falls at
the start of S phase. (Figure 17-16)

GTP (guanosine 5'-triphosphate)
Nucleoside triphosphate produced by the phosphorylation
of GDP (guanosine diphosphate). Like ATE it releases a large
amount of {ree energy on hydrolysis of its terminal phos-
phate group. Has a special role in microtubule assembly,
protein synthesis, and cell signaling. (Figure 2-83)

GTPase
An enzyme that converts GTP to GDE GTPases fall into two
large families. Large trimeric G proteins are composed of
three different subunits and mainly couple GPCRs to
enzymes or ion channels in the plasma membrane. Smail
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monomeric GTP-binding proteins (also called monomeric
GTPases) consist of a single subunit and help relay signals
from many types of cell-surface receptors and have roles in
intracellular signaling pathways, regulating intracellular
vesicle trafficking, and signaling to the cytoskeleton. Both
trimeric G proteins and monomeric GTPases cycle between
an active GTP-bound form and an inactive GDP-bound form
and frequently act as molecular switches in intracellular sig-
naling pathways. (Figure 15-19)

GTPase-activating protein (GAP)
Protein that binds to a GTPase and inhibits it by stimulating
its GTPase activity, causing the enzyme to hydrolyzes its
bound GTP to GDP. (Figure 3-71)

GTP-binding protein—see GTPase

guanine nucleotide exchange factor (GEF)
Proiein that binds to a GTPase and activates it by stimulating
it 1o release its tightly bound GDP thereby allowing it to bind
GTP in its place. (Figure 3-73)

guanosine triphosphate—see GTP
Ht*—see proton

H—see hydride fon

hair cell—see auditory hair cell

haploid
Having only a single copy of the genome (one set of chromo-
somes), as in a sperm cell, unfertilized egg, or bacterium.
Compare diploid.

haplotype
Haploid genotype.

haplotype block
Combination of alleles and DNA markers that has been
inherited in a large, linked block on one chromoseme of a
homologous pair—undisturbed by genetic recombination—
across many generations.

haplotype map (hapmap)
Human genome map based on haplotype blocks. Intended
to help identify and catalog human genetic variation.

H chain—see heavy chain
heart muscle cell--see muscle cell

heat shock protein {Hsp, stress-response protein)
One of a large family of highly conserved molecular chaper-
one proteins, so named because they are synthesized in
increased amounts in response to an elevated temperature
or other stressful treatment. Hsps have important roles in
aiding correct protein folding or refolding. Prominent exam-
ples are Hsp60 and Hsp70.

heavy chain (H chain)
The larger of the two types of polypeptide chain in an
immunoglobulin molecule.

Hedgehog protein
Secreted extracellular signal molecule that has many differ-
ent roles controtling cell differentiation and gene expression
in animal embryos and adult tissues. Excessive Hedgehog
signaling can lead to cancer.

HeLa cells
‘Immortal’ line of human epithelial cells that grows vigor-
ously in culture. Derived in 1951 from a human cervical car-
cinoma.

helicase—see DNA helicase
o helix—see alpha helix

helix-loop-helix (HLH)
DNA-binding structural motif present in many gene regula-
tory proteins, consisting of a short alpha helix connected by
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a flexible loop to a second, longer alpha helix. Its structure
enables two HLH-containing proteins to dimerize, forming a
complex that binds to DNA. Distinet from the helix-turn-
helix motif. (Figure 7-23)

helix-turn-helix

DNA-binding structural motif present in many gene regula-
tory proteins, consisting of two alpha helices held at a fixed
angle and connected by a short chain of amino acids, consti-
tuting the turn. Proteins containing this motif frequently
form symmeiric dimers and bind to DNA sequences that are
themselves similar and arranged symmetrically. Distinct
from the helix-loop-helix motif. (Figures 7-10, 7-11, 7-12)

helper T cell
Type of T cell that helps stimulate B cells to make antibodies
and macrophages to kill ingested microorganisms. Also
helps activate dendritic cells and cytotoxic T cells.

heme
Cyclic organic molecule containing an iron atom that carries
oxygen in hemoglobin and carries an electron in
cytochromes. (Figure 14-22)

hemidesmosome
Specialized anchoring cell junction between an epithelial
cell and the underlying basal lamina.

hemopoiesis (hematopoiesis)
Generation of blood cells, mainly in the bone marrow.
(Figure 2342)

hemopoietic stem cell
Self-renewing bone marrow cell that gives rise to all the var-
ious types of blood cells, as well as some other cell types.

hepatocyte
The major cell type in the liver.

heterocaryon
Cell with twa or more genetically different nuclei; produced
by the fusion of two or more different cells.

heterochromatin
Region of a chromosome that remains in the form of unusu-
ally condensed chromatin; generally transcriptionally inac-
tive, Compare euchromatin.

heterodimer
Protein complex composed of two different polypeptide
chains.

heterophilic binding
Binding between molecules of different kinds, especially
those involved in cell-cell adhesion. (Figure 19-8)

heterozygote
Diploid cell or individual having two different alleles of one
or more specified genes.

high-energy bond
Covalent bond whose hydrolysis releases an unusually large
amount of free energy undet the conditions existing in a cell.
A group linked to a molecule by such a bond is readily trans-
ferred from one molecule to another. Examples include the
phosphodiester bonds in ATP and the thioester linkage in
acetyl CoA.

high-performance liquid chromatography (HPLC}
Type of chromatography that uses columns packed with tiny
beads of matrix; the solution to be separated is pushed
through under high pressure.

histidine-kinase-associated receptor
Transmembrane receptor found in the plasma membrane of
bacteria, yeast, and plant cells, and involved, for example, in
sensing stimuli that cause bacterial chemotaxis. Associated
with a histidine protein kinase on its cytoplasmic side.

histone
One of a group of small abundant proteins, rich in arginine



G:18  GLOSSARY

and lysine. Histones form the nucleosome cores arcund
which DNA is wrapped in eucaryotic chromosomes. (Figure
4-25)

histone chaperone (chromatin assembly factor)
Protein that binds free histones, releasing them once they
have been incorporated into newly replicated chromatin.
(Figure 4-30)

histone code
Combinations of chemical modifications to histones {eg.,
actylation, methylation) that are thought to determine how
and when the DNA packaged in nucleosomes can be
accessed (e.g., for replication or transcription), (Figure 4-44)

histone H1
‘Linker’ (as opposed to ‘core’) histone protein that binds to
DNA where it exits from a nucleosome and helps package
nucleosomes into the 30 nm chromatin fiber. (Figure 4-34)

Hiv
Human immunodeficiency virus, the retrovirus that is the
cause of AIDS (acquired immune deficiency syndrome).
(Figures 13-19 and 24-16)

HLH—see helix-loop-helix

hnRNP protein (heterogeneous nuclear ribonuclear protein)
Any of a group of proteins that assemble on newly synthe-
sized RNA, organizing it into a more compact form. (Figure
6-33)

Holliday junction (cress-strand exchange)
X-shaped structure observed in DNA undergoing recombi-
nation, in which the two DNA molecules are held together at
the site of crossing-over, also called 4 cross-strand exchange.
(Figure 5-61}

homeobox
Short (180 base pairs long) conserved DNA sequence that
encodes a DNA-binding protein motif (homeodomain)
famous for its presence in genes that are involved in orches-
trating development in a wide range of organisms.

homeodomain
DNA-binding domain that defines a class of gene regulatory
proteins important in animal development. (Figures 3-13
and 7-13)

homeotic mutation
Mutation that causes cells in one region of the body to
behave as though they were located in another, causing a
bizarre disturbance of the body plan. (Figures 22-42 and
22-127)

homeotic selector gene
In Drosophila development, a gene that defines and pre-
serves the differences between body segments.

homolog
One of two or more genes that are similar in sequence as a
result of derivation from the same ancestral gene. The term
covers both orthologs and paralogs. (Figure 1-25) See homol-
ogous chromosomes.

homologous
Genes, proteins, or body structures that are similar as a result
of a shared evolutionary origin.

homologous chremosomes (homologs)
The maternal and paternal copies of a particular chromo-
some in a diploid cell.

homologous recombination (general recombination)
Genetic exchange between a pair of identical or very similar
DNA sequences, typically those located on two copies of the
same chromosome. (Figures 5-51, 5-53, 5-59, and 5-64)

homophilic binding
Binding between molecules of the same kind, especially
those involved in cell-cell adhesion. (Figure 19-8)

homozygote
Diploid cell or organism having two identical alleles of a
specified gene or set of genes.

hormone
Signal molecule secreted by an endocrine cell into the blood-
stream, which can then carry it to distant target cells.

housekeeping gene
Gene serving a function required in all the cell types of an
organism, regardless of their specialized role.

Hox gene complex
Cluster of genes coding for gene regulatory factors, each
gene containing a homeodomain, and specifying body-
region differences. Hox mutations typically cause homeotic
transformations.

HPLC—see high-performance liquid chromatography

hyaluronan (hyaluronic acid)
Type of nonsulfated glycosoaminoglycan with a regular
repeating sequence of up to 25,000 identical disaccharide
units, not linked to a core protein. Found in the fluid lubricat-
ing joints and in many other tissues. (Figures 19-56 and 19-57)

hybridization
In molecular biology, the process whereby two complemen-
tary nucleic acid strands form a base-paired duplex DNA-
DNA, DNA-RNA, or RNA-RNA molecule. Forms the basis ofa
powerful technique for detecting specific nucleotide
sequences. (Figures 5-54 and 8-36)

hybridoma
Cell line used in the production of monoclonal antibodies.
Obtained by fusing antibody-secreting B cells with cells of a
B lymphocyte tumor. (Figure 8-8)

hydride ion (H)
A proton (H*) plus two electrons (2e7). Equivalent to a hydro-
gen atom with one extra electron.

hydrocarbon
Compound that has only carbon and hydrogen atoms. {Panel
2-1, pp. 106-107)

hydrogen bond
Noncovalent bond in which an electropositive hydrogen
atom is partially shared by two electronegative atoms. (Panel
2-3, pp. 110-111)

hydrogen ion
A proton {H') in an aqueous solution. The basis of acidity.
Since the proton readily combines with a water molecule to
form H30*, it is more accurate to call it a hydronium ion.

hydrolase
General term for enzyme that cataiyses a hydrolytic cleavage
reaction. Includes nucleases and proteases.

hydrolysis (adjective hydrolytic)
Cleavage of a covalent bond with accompanying addition of
water. General formula: AB + HoO — ACH + BH.

hydronium ion (Hy0%)
Water molecule associated with an additional proten. The
form generally taken by pretons in aqueous solution.

hydrophilic
Dissolving readily in water. Literally, “water loving.”

hydrophobic (lipophilic)
Not dissolving readily in water. Literally, “water hating.”

hydrophobic force
Force exerted by the hydrogen-bonded network of water
molecules that brings two nonpolar surfaces together by
excluding water between them. (Panel 2-3, pp. 110-111)

hydroxyl (-OH)
Chemical group consisting of a hydrogen atam linked to an
oxygen, as in an alcohol. (Panel 2-1, pp. 106-107)
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hypertonic
Having a sufficiently high concentration of solutes to cause
water to move out of a cell by osmosis.

hypervariable region
Any of three small regions within the variable region of an
immunoglobulin or T cell receptor chain that shows the
highest variability from molecule to molecule. These regions
determine the specificity of the antigen-binding site, (Figure
25-31)

hypotonic
Having a sufficiently low concentration of solutes to cause
water to move into a cell by osmosis.

IAP (inhibitor of apoptosis) family
Intracellular protein inhibitars of apoptosis.

IF—see initiation factor
Ig—see antibody

Ig superfamily
Large and diverse family of proteins that contain
immunoglobulin - domains or immunoglobulin-like
domains, Most are involved in cell-cell interactions or anti-
gen recognition. (Figure 25-74}

imaginal disc
Group of cells that are set aside, apparently undifferentiated,
in the Drosophila embryo and which will develop into an
adult structure, e.g., eve, leg, wing. Overt differentiation
occurrs at metamorphosis. {(Figure 22-51)

immortalization
Production of a cell line capable of an apparently unlimited
number of cell divisions, Can bhe the result of mutations or
viral transformation or of fusion of the original cells with
cells of a tumor line.

immune response
Response made by the immune system when a foreign sub-
stance or microorganism enters the body; usually refers to
an adaptive immune response. See also innate, adaptive, pri-
mary, and secondary immune responses.

immune system
System of lymphocytes and other cells in the body that pro-
vides defense against infection. There are two types of
immune systems in vertebrates—innate and adaptive.

immunoblotting—see blotting

immunoglobulin (Ig)
An antibody molecule. Higher vertebrates have [ive classes of
immunoglobulin—IgA, 1gD, IgE, IgG, and IgM-—each with a
different role in adaptive immune responses.

immunoglobulin domain {Ig domain)
Characteristic protein domain of about 100 amino acids that
is found in immunoglobulin light and heavy chains. Similar
domains, known as immunoglobulin-like (Ig-like) domains,
are present in many other proteins involved in cell-cell inter-
actions and antigen recognition and deline the Ig superfam-
ily. (Figure 25-32)

immunological memory
Long-lived property of the adaptive immune system that fol-
lows a primary immune response to many antigens, in which
subsequent encounter with the same antigen will provoke a
more rapid and stronger secondary immune response.
(Figure 25-10)

immunoprecipitation (IP)
Use of a specific antibody to draw the corresponding protein
antigen out of solution. The technique can ideniify com-
plexes of interacting proteins in celt extracts by using an anti-
hody specific for one of the proteins to precipitate the com-
plex. See also chromatin immunoprecipitation and co-
immunoprecipitation.

imprinting—see genomic imprinting
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inducible promoter
A regulatory DNA sequence that allows expression of an
associated gene to be switched on by a particular molecular
or physical stimulus (e.g., heat shock). (Figure 22-49)

induction (inductive interaction)
In developmental biology, a change in the developmental
fate of one tissue caused by an interaction with another tis-
sue. Such an effect is called an inductive interaction. (Figures
22-10 and 22-186)

inflammatory response
Local response of a tissue to injury or infection—character-
ized by tissue redness, swelling, heat, and pain. Caused by
invasion of white blood cells, which release various local
mediators such as histamine.

inhibitor of apoptosis family—see IAP family

inhibitory G protein (Gp)
Trimeric G protein that can regulate ion channels and inhibit
the enzyme adenylyl cyclase in the plasma membrane. See
also G protein. (Table 15-3, p. 919)

inhibitory neurotransmitter
Neurotransmitter that opens transmitter-gated ClI- or K*
channels in the post-synaptic membrane of a nerve or mus-
cle cell and thus tends to inhibit the generation of an action
potential.

initiation factor (IF and elF)
Protein that promotes the proper association of ribosotmes
with mRNA and is required for the initiation of protein syn-
thesis. Abbreviated eIF in eucaryotes, IF in procaryotes. elFs
help load Met-tRNAi on to the ribosome, thus initiating
translation. (Figure 6-72)

initiator tRNA
Special tRNA that intiates translation. It always carries the
amino acid methionine, forming the complex Met-tRNAi.
(Figure 6-72)

innate immune response
Immune response (of both animals and plants) to a pathogen
that involves the pre-existing defenses of the body (the innate
immune system), which include antimicrobial molecules and
phagocytic cells. Such a response is not specific for the
pathogen, in contrast to an adaptive immune response.

inner cell mass
Cluster of undifferentiated cells in the early mammalian
embryo from which the whole of the adult body is derived.
(Figure 22-88)

inositol
Ring-shaped sugar molecule forming part of inositol phos-
pholipids.

inositol phospholipid (phosphoinositide)
A lipid containing a phosphorylated inositol derivative.
Minor component of the plasma membrane, but important
in demarking different membranes and for intracellular sig-
nal transduction in eucaryotic cells. (Figure 15-37)

inositol phospholipid signaling pathway
Intraceliular signaling pathway that starts with the activation
of phospholipase C and the generation of IP; and diacylglyc-
erol {DAG) from inositol phospholipids in the plasma mem-
brane. The DAG helps to activate protein kinase C. (Figures
15-38 and 15-39)

inositol 1,4,5-trisphosphate (IP3)
Small intracellular signaling molecule produced during acti-
vation of the inositol phospholipid signaling pathway. Acts to
release Ca?* from the endoplasmic reticulum. (Figures 15-38
and 15-39)

in situ hybridization
Technique in which a single-stranded RNA or DNA probe is
used to locate a gene or mRNA molecule in a cell or tissue by
hybridization.
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insulator element
DNA sequence that prevents a gene regulatory protein
bound ta DNA in the control region of one gene from influ-
encing the transcription of adjacent genes. (Figure 7-62)

insulin
Polypeptide hormone that is secreted by B cells in the pan-
creas to help regulate glucose metabolism in animals.
(Figure 3-35)

integral membrane protein
Protein that is retained in a membrane by virtue of one or
more domains that span or are embedded in the lipid
bilayer. (Figure 10-19)

integrin
Transmembrane adhesion protein that is involved in the
attachment of cells to the extracellular matrix and to each
other. (Figure 19-4, and Table 19-2, p. 1135}

intercalary regeneration
Type of regeneration that fills in the missing tissues when the
cells in two mismatched parts of a structure are grafred
together. (Figure 22-56}

interferon (IFN)
Member of a class of cytokines secreted hy virus-infected
cells and certain types of activated T cells. Interferons induce
antiviral responses, inhibiting viral replication and stimulat-
ing macrophages and natural kiiler cells to kill virus-infected
cells. (Figure 25-60)

interleukin (IL}
Secreted cytokine that mainly mediates local interactions
between white blood cells (leucocytes) during inflammation
and immune responses. (Table 25-4, p. 1598}

intermediate filament
Fibrous protein filament {~10 nm diameter) that forms rope-
like networks in animal cells. One of the three most prominent
types of cytoskeletal filaments. (Panel 16-1, pp. 968-969)

internal ribosome entry site (IRES)
Specific site in a eucaryotic mRNA, other than at the 5" end,
at which translation can be initiated. (Figure 7-108)

interphase
Long period of the cell cycle between one mitosis and the
next. Includes G phase, S phase, and G, phase. (Figure 17-4)

interpolar microtubule
In the mitotic or meiotic spindle, a microtubule interdigitat-
ing at the equator with the microtubules emanating from the
other pole. {Figure 16-85)

intracellular signaling protein
Protein involved in a signaling pathway inside the cell. Tt
usually activates the next protein in the pathway or gener-
ates a small intracellular mediator. (Figure 15-1}

intron
Noncoding region of a eucaryotic gene that is transcribed
into an RNA molecule but is then excised by RNA splicing
during production of the mRNA or other functional RNA.
{Figure 4-15)

inversion
Type of mutation in which a segment of chromasome is
inverted. (Panel 8-1, pp. 554-535)

in vitro
Taking place in an isolated cell-free extract, as opposed to in
a living cell; also sometimes used to distinguish studies in
cell cultures from studies in intact organisms. (Latin for “in

glass.”)

in vitro fertilization (IVF)
An infertility treatment in which eggs are fertilized with
sperm outside the mother’s body; successfully fertilized eggs
are cultured for a few days, and the early embryos are then
transferred into the mother’s uterus.

in vivo
In an intact cell or organism. Latin for “in life,”

ion
An atom that has either gained or lost electrons to acquire a
charge; for example Na* and Cl-.

ion channel
Transmembrane protein complex that forms a water-filled
channel across the lipid bilayer through which specific inor-
ganic ions can diffuse down their electrochemical gradients.
(Figure 11-21)

ion-channel-coupled receptor—see transmitter-gated ion
channel

ionic bond (ionic interaction)
Cohesion due to electrostatic attraction between two atormns,
one with a positive charge, the other with a negative charge.
One type of noncovalent bond. (Figure 2-5, and Panel 2-3,
pp. 110-111)

ionophore
Small hydrophobic molecule that dissolves in lipid bilayers
and increases their permeability to specific inorganic ions.

1P3—see inositol 1,4,5-trisphosphate

IP; receptor (IP3-gated CaZ*-release channel)
Gated Ca®* channel in the ER membrane that opens on bind-
ing cytosolic IP;, releasing stored Ca?* into the cytosol.
(Figure 15-39)

IRES—see internal ribosome entry site

iron-sulfur center
Electron-transporting group consisting of either two or four
iron atoms bound to an equal nurnber of sulfur atoms, found
in a class of electron-transport prateins. (Figure 14-23)

isoelectric point (pI}
The pH at which a molecule in solution has no net electric
charge and therefore does not move in an electric field.
{Figure 8-22)

isoform
One of a set of variant forms of a protein, derived either by
alternative splicing of a common transcript or as products of
different members of a set of closely homologous genes.

isomer
Molecule formed from the same atoms and linkages as
another but having a different three-dimensional conforma-
tion. (Panel 24, pp. 112-113)

isomerase
Enzyme that catalyzes the rearrangement of bonds within a
single molecule. See also topoisomerase.

isoprenoid (polyisoprenoid)
Lipid molecule with a carbon skeleton based on multiple
five-carbon isoprene units. Examples include retinoic acid
and dolichol. (Panel 2-5 , pp. 114 115}

isotope
One of a number of forms of an atom that differ in atomic
weight but have the same number of protons and electrons,
and therefore the same chemistry. May be either stable or
radioactive.

JAK-STAT signaling pathway
Signaling pathway activated by cytokines and some hor-
mones, providing a rapid route from the plasma membrane
to the nucleus to alter gene transcription. Involves cytoplas-
mic Janus kinases (JAKs), and signal transducers and activa-
tors of transcription (STATs).

joule
Standard unit of energy in the meter-kilogram-second sys-
tem. One joule is the energy delivered in one second by a 1-
watt power source. Approximately equal to 0.24 calories.
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K—see equilibrium constant
Ky—see affinity constant
Kj—see dissociation constant
K

The Michaelis-Menten constant. Equal to the concentration
of substrate at which an enzyme works at half its maximum
rate. Large values of K, usually indicate that the enzyme
binds to its substrate with relatively low affinity. (Panel 3-3)

karyotype
Display of the [ull set of chromosemes of a cell, arranged
with respect to size, shape, and number.

keratin
Protein that forms keratin intermediate filaments, mainly in
epithelial cells. Specialized keratins are found in hair, nails,
and feathers.

ketone
Organic molecule containing a carbonyl group linked to two
alkyl groups. (Panel 2-1, p 107)

killer cell
Any eucaryotic cell capable of directly killing another
eucaryotic cell.

kinase
Fnzyme that catalyzes the addition of phosphate groups to
molecules. See also protein kinase.

kinesin
Member of one of the two main classes of motor proteins
that use the energy of ATP hydrolysis to move along micro-
tubules. (Figure 16-58)

kinetochore
Complex structure formed from proteins on a mitotic chro-
mosome to which microtubules attach. Plays an active part
in the movement of chromosomes to the poles. Forms on the
chromosome centromere. (Figure 17-36)

kinetochore microtubule
In the mitotic or meiotic spindle, a microtubule that con-
nects the spindle pole to the kinetochore of a chromosome.

K~ leak channel
K*-transporting ion channel in the plasma membrane of ani-
mal cells that remains open even in a “resting” cell. (Panel
11-3, p. 679)

knockout
An engineered deletion or inactivating mutation of a gene.

Krebs cycle—see citric acid cycle

lagging strand
One of the two newly synthesized strands of DNA found ata
replication fork. The lagging strand is made in discontinuous
lengths that are later joined covalently. (Figure 5-7)

lambda—see bacteriophage lambda

lamellipodium (plural lamellipodia)
Flattened, sheetlike protrusion supported by a meshwork of
actin filaments, which is extended at the leading edge of a
crawling animal cell. (Figures 16-86 and 16-87)

lamin—see nuclear lamin

laminin
Extracellular matrix fibrous protein found in basal laminae,
where it forms a sheetlike network. (Figures 1942 and 19-43)

lampbrush chromosome
Huge paired chromosome in meiosis in immature amphib-
ian eggs, in which the chromatin forms large stiff loops
extending out fram the linear axis of the chromosome.
(Figure 4-54)

L chain—see light chain
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leading strand
One of the two newly synthesized strands of DNA found at a
replication fork. The leading strand is made by continuous
synthesis in the 5’-10-3" direction. (Figure 5-7)

lecithin—see phosphatidylcholine

lectin
Protein that binds tightly to a specilic sugar. Abundant
lectins from plant seeds are used as affinity reagents to purify
glycoproteins or to detect them on the surface of cells.

leptin
Peptide hormone secreted by fat celis. Helps regulate the
desire to eat by suppressing appetite.

lethal mutation
Mutation that causes the death of the cell or the organism
that contains it. (Panel 8-1, pp. 554-555)

leucine-rich repeat protein (LRR protein)
Comimon type of receptor serine/threonine kinase in plants
that contains a tandem array of leucine-rich repeat
sequences in its extracellular portion.

leucine zipper
Structural motif seen in many DNA-binding proteins in
which two alpha helices from separate proteins are joined
together in a coiled-coil (rather like a zipper), forming a pro-
tein dimer. (Figure 7-19)

leucocyte—see white blood cell

leukemia
Cancer of white biood cells.

ligand
Any molecule that binds to a specific site on a protein or
other molecule. From Latin ligare, to bind.

ligase
Enzyme that joins together (ligates) two molecules in an
energy-dependent process. DNA ligase, for example, joins
two DNA molecules together end-to-end through phospho-
diester bonds.

light chain (L chain)
One of the smaller polypeptides of a multisubunit protein
such as myoesin (Figure 16-72) or immunoglobulin. {Figure
25-21)

lignin
Network of cross-linked phenolic compounds that forms a
supporting network throughout the cell walls of xylerm and
woody tissue in plants.

limit of resolution
In microscopy, the smallest distance apart at which two
point objects can be resolved as separate. Just under 0.2 mm
for conventional light microscopy, a limit determined by the
wavelength of light.

lipase
Enzyme that catalyzes the cleavage of fatty acids from the
glycerol moiety of a triglyceride.

lipid
Organic molecule that is insoluble in water but tends to dis-
solve in nonpolar organic solvents. A special class, the phos-
pholipids, forms the structural basis of biological mem-
branes. {Panel 2-5, pp. 114-113)

lipid bilayer (phospholipid bilayer}
Thin double sheet of phospholipid molecules that forms the
core siructure of all cell membranes. The two layers of lipid
molecules are packed with their hydrophobic tails pointing
inward and their hydrophilic heads outward, exposed to
water. (Figure 2-22 and Panel 2-5, pp.114-115)

lipid raft
Small region of the plasma membrane enriched in sphin-
golipids and cholesterol. (Figure 10--14)



G:22  GLOSSARY

lipaphilic—see hydrophobic

liposame
Artificial phosphelipid bilayer vesicle formed from an aque-
ous suspension of phospholipid molecules. (Figure 10-9)

local mediator
Secreted signal molecule that acts locally on nearby cells.
(Figure 15-4}

focus
In genetics, the position on a chromosome. For example, in a
diploid cell different alleles of the same gene occupy the
same locus.

long-term potentiation
Long-lasting increase (days to weeks} in the sensitivity of
certain synapses in the brain, induced by a short burst of
repetitive firing in the presynaptic neurans. (Figure 11-42)

loss-of-function mutation
Mutation which reduces or abolishes the activity of a gene.
Usually recessive, (Panel 8-1, pp. 554-555)

low-density lipoprotein (LDL)
Large complex composed of a single protein molecule and
many esterified cholesterol molecules, together with other
lipids. The form in which cholesterol is transported in the
blood and taken up into cells. (Figure 13-50)

LTP—see long-term potentiation

lymph
Colorless fluid containing lymphocytes found in lymphatic
vessels. (Figure 25-3)

lymphocyte

White blood cell responsible for the specificity of adaptive
immune responses. Two main types: B cells, which produce
antibody, and T cells, which interact directly with ather effec-
tor cells of the immune system and with infected cells. T cells
develop in the thymus and are responsible for cell-mediated
immunity. B cells develop in the bone marrow in mammals
and are responsible for the production of circulating anti-
badies. {Figure 25-7)

Iymphoid organ
Organ involved in the production or function of lympho-
cytes. Lymphocytes are produced in primary lymphoid
organs and respond to antigen in peripheral lymphoid
organs. (Figure 25-3)

tymphoma
Cancer of lymphocytes, in which the cancer cells are mainly

found in lymphoid organs (rather than in the blood, as in
leukemias).

lysis
Rupture of a cell’s plasma membrane, leading to the release
of cytoplasm and the death of the cell.

lysosome
Membrane-bounded organelle in eucaryotic cells containing
digestive enzymes, which are typically most active at the acid
pH found in the lumen of lysosomes. (Figures 12-2 and
13-37)

lysozyme
Enzyme that catalyzes the cutting of polysaccharide chains
in the cell walls of bacteria.

M—see M phase

macrophage
Phagocytic cell derived from blood monocytes, resident in
most issues but able to roam. It has both scavenger and anti-
gen-presenting functions in immune responses. (Figure 24-53)

major histocompatibility complex—see MHC complex

malignant
Of tumors and tumor cells: invasive and/or able to undergo
metastasis. A malignant tumor is a cancer. (Figure 20-3)

mannose 6-phasphate (MGP)
Unique marker attached to the oligosaccharides on some
glycoproteins destined for lysosomes. (Figure 13-43)

MAP—see microtubule-associated protein

MAP kinase (mitogen-activated protein kinase)
Protein kinase at the end of a three-component signaling
module involved in relaying signals from the plasma mem-
brane to the nucleus.

MAP-kinase module (mitogen-activated protein kinase
module)
An intracellular signaling module composed of three protein
kinases, acting in sequence, with MAP kinase as the third.
Typically activated by a Ras protein in response to extracel-
lular signals. (Figure 15-78)

mass spectrometry (MS)
Technigue for identifying compounds on the basis of their
precise mass-to-charge ratio. Powerful tool for identifying
proteins and sequencing polypeptides. (Figure 8-21)

maternal-effect gene
Gene that acts in the mother to specify maternal mRNAs and
proteins in the egg. Maternal-effect mutations affect the
development of the embryo even if the embryo itself has not
inherited the mutant gene.

mating-type locus (Mat locus)
In budding yeast, the locus that determines the mating type
(o or a) of the haploid yeast cell. (Figure 7-65)

maltrix

Space or supporting medium within which something is
formed. (1) Large internal compartment of the mitochon-
drion. (2) The corresponding compartment in a chitoro-
plast, more commonly known as the stroma. (3)
Extracellular matrix. The extracellular composite of
secreted prateins and polysaccharides in which cells are
embedded. (Figure 14-37)

matrix metalloprotease
Ca?*- or Zn**-dependent proteolytic enzyme present in the
extracellular matrix that degrades matrix proteins. Includes
the collagenases.

M-Cdk (M-phase Cdk}
Cyclin-Cdk complex formed in vertebrate cells by an M-
cyclin and the corresponding cyclin-dependent kinase
(Cdk). (Figure 17-16 and Table 17-1, p. 1063)

Mcm proteins
Proteins in the eucaryotic cell needed for the initiation of
DNA replication; thought to form the helicase present at
moving DNA replication forks.

M-cyclin
A cyclin found in all eucaryotic cells that promotes the
events of mitosis. (Figure 17-16)

MDR protein—see multidrug resistance protein

megakaryocyte
Large myeloid cell with a multilobed nucleus that remains in
the bone marrow when mature, Buds off platelets from long
cytoplasmic processes. (Figures 23-40 and 23-42)

meiosis
Special type of cell division that occurs in sexual reproduc-
tion. It involves two successive nuclear divisions with only
one round of DNA replication, thereby producing haploid
cells from a dipleid cell. (Figure 21-5)

melanocyte
Cell that produces the dark pigment melanin. Responsible
for the pigmentation of skin and hair. {Figure 23-1)

membrane
The lipid bilayer plus associated proteins that encloses all cells
and, in eucaryotic cells, many organelles as well. (Figure 10-1)
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membrane-bound ribosome
Ribosome attached to the cytosolic face of the endoplasmic
reticulum. The site of synthesis of proteins that enter the
endoplasmic reticulurn. (Figure 12-41)

membrane channel—see channel

membrane potential
Voltage difference across a membrane due to a slight excess
of positive ions on one side and of negative ions on the other,
A typical membrane potential for an animal cell plasma
membrane is —60 mV {inside negative relative to the sur-
rounding fluid), (Figure 11-22)

membrane transport
Movement of molecules across a membrane, mediated by a
membrane transport protein. {Figures 11-3 and 11-4)

membrane transport protein
Membrane protein that mediates the passage of ions or mol-
ecules across a membrane. The two main classes are trans-
porters (also called carriers or permeases) and channels.
(Figures 11-3 and 11-4)

meristem
Organized group of dividing cells whose derivatives give rise
to the tissues and organs of a flowering plant. Examples are
the apical meristems at the tips of shoots and roots. {Panel
22-2, pp. 1404-1405, and Figure 22-118)

mesenchyme
Immature, unspecialized form of connective tissue in ani-
mals, consisting of cells embedded in a thin extracellular
matrix.

mesaderm
Embryonic tissue that is the precursor to muscle, connective
tissue, skeleton, and many of the internal organs. (Figures
22-3 and 22-70)

messenger RNA (mRNA)
RNA molecule thar specifies the amino acid sequence of a
protein. Produced in eucaryotes by processing of an RNA
molecule made by RNA polymerase as a complementary
copy of DNA. It is translated into protein in a process cai-
alyzed by ribosomes. (Figures 6-21 and 6-22)

metabolism
The sum total of the chemical processes that take place in
living cells. All of catabolism plus anabelism. (Figure 2-36)

metaphase
Stage of mitosis at which chromosomes are firmly attached
to the mitotic spindle at its equator but have not yet segre-
gated toward opposite poles. (Panel 17-1, pp. 1072-1073)

metaphase plate
Imaginary plane at right angles to the mitotic spindle and
midway between the spindle poles; the plane in which chro-
mosomes are positioned at metaphase. (Panel 17-1, pp.
1072-1073)

metaphase-to-anaphase transition
Checkpoint in the eucaryotic cell cycle preceding sister-
chromatid separation at anaphase. If the cell is not ready to
proceed to anaphase, the cell cycle is halted at this point.
(Figure 17-14, and Panel 17-1, pp. 1072-1073)

metastasis
Spread of cancer cells from their site of origin to other sites
in the body. (Figures 20-1 and 20-17)

methyl group (-CHjz)
Hydrophobic chernical group derived from methane (CHy).

MHC complex (major histocompatibility complex)
Complex of genes in vertebrates coding for a large family of
cell-surface glycoproteins (MHC proteins). (Figure 25-51)

MHC protein
One of a large family of vertebrate cell-surface glycoproteins,
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which are members of the Ig superfamily. MHC proteins
bind peptide fragments of foreign antigens and present them
to T cells to induce an adaptive immune response. See also
class I MHC protein, class Il MHC protein. (Figures 25-48
and 25-50)

Michaelis-Menten constant—see K,
microarray—see DNA microarray
microfilament—see actin filament

micron (Lm or micrometer)
Unit of measurement equal to 1076 meter or 103 millimeter.

micro RNA (miRNA}
Short (21-26 nucleotide) eucaryotic RNAs, produced by the
processing of specialized RNA transcripts coded in the
genome, that regulate gene expression through complemen-
tary base-pairing with mRNA. Depending on the extent of
base pairing, mRNAs can lead either to destruction of the
mRNA or to a block in its translation. (Figures 7-112)

microsome
Small vesicle derived from endoplasmic reticulum that is
produced by fragmentation when cells are homogenized.
(Figure 12-37)

microtubule
Long hollow cylindrical structure composed of the protein
tubulin. It is one of the three major classes of filaments of the
cytoskeleton. (Panel 16-1, p. 968)

microtubule-associated protein (MAP)
Any protein that binds to microtubules and modifies their
properties. Many different kinds have been found, including
structural proteins, such as MAP2, and motor proteins, such
as dynein. [Not to be confused with the ‘MAP’ (mitogen-acti-
vated protein kinase) of ‘MAP kinase.’]

microtubule flux
Movement of individual tubulin molecules in the micratubules
of the spindle towards the poles by loss of mubulin at their
minus ends. Helps to generate the poleward movement of sis-
ter chromatids after they separate in anaphase. (Figure 17-41)

microtubule-organizing center (MTOC)
Region in a cell, such as a centrosome or a basal body, from
which microtubules grow.

microvillus (plural microvilli)
Thin cylindrical membrane-covered projection on the sur-
face of an animal cell containing a core bundle of actin fila-
ments. Present in especially large numbers on the ahsorptive
surface of intestinal epithelial cells. {Figure 16-50)

midbody
Structure formed at the end of cleavage that can persist for
some time as a tether between the two daughter cells in ani-
mals. (Figure 17-51)

minus end
End of a microtubule or actin filament at which the addition
of monomers ocecurs least readily; the “slow-growing” end of
the micratubule or actin filament. The minus end of an actin
filament is also known as the pointed end. (Panel 16-2, pp.
978-979)

miRNA—see micro RNA

mismatch repair
DNA repair process that corrects mismatched nucleotides
inserted during DNA replication. A short stretch of newly
synthesized DNA including the mismatched nucleotide is
removed and replaced with the correct sequence with refer-
ence to the template strand. (Figure 5-20)

mitochondrion (plural mitochondria)
Membrane-bounded organelle, about the size of a bac-
terium, that carries out oxidative phosphorylation and pro-
duces most of the ATP in eucaryotic cells. (Figure 1-33)
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mitogen
Extracellular signal motecule that stimulates cells to prolif-
erate,

mitogen-activated protein kinase—see MAP kinase

mitosis
Division of the nucleus of a eucaryotic cell, involving con-
densation of the DNA into visible chromosomes, and separa-
tion of the duplicated chromosemes to form two identical
sets. From Greek mitos, a thread, referring to the threadlike
appearance of the condensed chromosomes. (Panel 17-1,
pp- 1072-1073)

mitotic chromosome
Highly condensed duplicated chromosome with the two new
chromosomes still held together at the centromere as sister
chromatids.

mitotic spindle
Array of microtubules and associated molecules that [orms
hetween the opposite poles of a eucaryotic cell during mito-
sis and serves to move the duplicated chromosomes apart.
(Figure 17-28 and Panel 17-1, pp. 1072-1073)

mobile genetic element
Genetic element (DNA segment) that can move or copy itself
to another position in the genome.

model organism
A species that has been studied intensively over along period
and thus serves as a “model” for deriving fundamental bio-
logical principles.

molarity (M)
Number of moles of a solute per liter of solution. A ‘one
molar’ {1M) solution contains 1 mole of solute dissolved in 1
liter of solution.

mole
X grams of a substance, where X is its relative molecular mass
{molecular weight). A mole consists of 6.02 x 1023 molecules
of the substance.

molecular chaperone—see chaperone

molecular weight (relative molecular mass)
Mass of a molecule relative to the mass of a hydrogen atom
(strictly, relative to 1/12 of the mass of an atom of °C, i.e.,
one dalton).

monoclenal antibody
Antibody secreted by a hybridoma cell line. Because the
hybridoma is generated by the fusion of a single B cell with a
single tumor cell, each hybridoma produces antibodies that
are all identical. (Figure 8-8)

monocyte
Type of white blood cell that leaves the bloodstream and
matures into a macrophage in tissues. (Figure 23-37)

monomer
Small molecular building block that can serve as a subunit,
being linked to others of the same type to form a larger mol-
ecule (a polymer).

monomeric GTPase—see GTPase

monosaccharide
Simple sugar with the general formula {CH20)n, where n=3
to 8. {Panel 2-4, pp. 112-113)

morphogen
Signal molecule that can impose a pattern on a field of cells
by causing cells in different places to adopt different fates,
{Figure 22-13)

mosaic (genetic mosaic)
In developmental biology, an individual organism made of a
mixture of cells with different genotypes, but developed from
a single zygote. Mosaics can arise naturally, as a result of a
mutation in cells that give rise to new tissues, or can be made
deliberately to aid genetic analysis. Compare chimera.

motif
Element of structure or pattern that recurs in many contexts.
Specifically, a small structural domain that can be recog-
nized in a variety of proteins.

motor protein
Protein that uses energy derived from nucleoside triphos-
phate hydrolysis to propel itself along a linear track (protein
filament or other polymeric molecule).

MGP—see mannose 6-phosphate

M phase
Period of the eucaryotic cell cycle during which chromo-
somes are condensed and the nucleus and cytoplasm divide.
(Figure 17-4, and Panel 17-1, pp. 1072-1073)

M-phase Cdk—see M-Cdk
mRNA—see messenger RNA
MTOC—see microtubule-organizing center

mTOR (mammalian target of rapamycin)
Mammalian serine/theronine protein kinase that is a down-
stream component of the PI 3-kinase/Akt signaling pathway,
mTOR (the yeast homolog is called TOR) is part of two dis-
tinct protein complexes, one of which is sensitive to the drug
rapamycin and stimulates cell growth, while the other helps
activate the protein kinase Akt. (Figures 15-64 and 15-65)

multidrug resistance protein (MDR protein)
Type of ABC transporter protein that can pump hydrophobic
drugs (such as some anti-cancer drugs) out of the cytoplasm
of eucaryotic cells.

multimeric
Of proteins: containing more than one subunit.

multipass transmembrane protein
Membrane protein in which the polypeptide chain crosses
the lipid bilayer more than once. (Figure 10-19)

muscle cell
Cell type specialized for contraction. The three main classes
are skeletal, heart, and smooth muscle cells. (Figure 23-47)

mutation
Heritable change in the nucleotide sequence of a chromo-
some. (Panel 8-1, pp. 554-555)

Myc
Gene regulatory protein that is activated when a cell is stim-
ulated to grow and divide by extracellular signals. It activates
the transcription of many genes, including those that stimu-
late cell growth. (Figure 17-62)

myelin sheath
Insulating layer of specialized cell membrane wrapped
around vertebrate axons. Produced by oligodendrocytes in
the central nervous system and by Schwann cells in the
peripheral nervous system. (Figure 11-32)

myeloid cell
Any white blood cell other than a lymphocyte. (Figure 23-42)

myoblast
Mononucleated, undifferentiated muscle precursor cell. A
skeletal muscle cell is formed by the fusion of multipie
myoblasts. (Figure 23-48)

myoepithelial cell
Type of unstriated muscle cell found in epithelia, e.g. in the
iris of the eye and in glandular tissue. (Figure 23-47)

myofibril
Long, highly organized bundle of actin, myosin, and other
proteins in the cytoplasm of muscle cells that contracts by a
sliding filament mechanism.

myosin
Any of a large class of motor proteins that move along actin
filaments. (Figure 16-57)
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NAD*/NADH (nicotinamide adenine dinucleotide/reduced

nicotinamide adenine dinucleotide)
Electron carrier system that participates in oxidation-reduc-
tion reactions, such as the oxidation of food molecules.
NAD* accepts the equivalent of a hydride ion (H-, a proton
plus two electrons) to become the activated carrier NADH.
The NADH formed donates its high-energy electrons to the
ATP-generating process of oxidative phosphorylation.
(Figure 2-86)

NADH dehydrogenase complex
First of the three electron-driven proton pumps in the mito-
chondrial respiratory chain. It accepts electrons from NADH.
{Figure 14-26)

NADP+/NADPH (nicotinamide adenine dinucleotide
phosphate/reduced nicotinamide adenine dinucleotide
phosphate)
Electron carrier system closely related to NAD*/NADH, but
used almost exclusively in reductive biosynthetic, rather
than catabolic, pathways. (Figure 2-60)

Nat*-K* pump (Na*-K* ATPase)
Transmembrane carrier protein found in the plasma mem-
brane of most animal cells that pumps Na* out of and K*
into the cell, using energy derived from ATP hydrolysis.
(Figure 11-14)

nanometer (nm)
Unit of length commonly used to measure molecules and
cell organelles. 1 nm = 10~ micrometer (um) = 10~? meter,

natural killer cell (NK cell)
Cytotoxic cell of the innate immune system that can kiil
virus-infected cells and some cancer cells. (Figure 24-57)

negative feedback
Control mechanism whereby the output of a reaction or
pathway inhibits an earlier step in the same pathway.

Nernst equation
Quantitative expression that relates the equilibrium ratio of
concentrations of an ion on either side of a permeable mem-
brane to the voltage difference across the membrane. (Panel
11-2, p. 670)

nerve cell—see neuron
nerve impulse—see actlon potential

neural cell adhesion molecule (NCAM)
Cell adhesion molecule of the immunoglobulin superfamily,
expressed by many cell types including most nerve cells. A
mediator of Ca?*-independent cell-cell attachment in verte-
brates. (Figure 19-20)

neural crest
Collection of cells located along the line where the neural
tube pinches off from the surrounding epidermis in the ver-
tebrate embryo. Neural crest cells migrate to give rise to a
variety of tissues, including neurons and glia of the periph-
eral nervous system, pigment cells of the skin, and the bones
of the face and jaws. (Figures 19-11, 22-84, and 22-97)

neural tube
Tube of ectoderm that will form the brain and spinal cord in
a veriebrate embryo. (Figure 22-78)

neurite
Long process growing from a nerve cell in culture. A generic
term that does not specify whether the process is an axon or
a dendrite. (Figure 16-105)

neuroblast
Embryonic nerve cell precursor. (Figure 22-66)

neurofilament
Type of intermediate filament found in nerve cells. (Figure 16-22}

neuromuscular junction
Specialized chemical synapse between an axon terminal of a
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motor neuron and a sketetal muscle cell, (Figures 11-36 and
11-39)

neuron (nerve cell)
Impulse-conducting cell of the nervous system, with exien-
sive processes specialized to receive, conduct, and transmit
signals. {Figures 22-93 and 22-94)

neuropeptide
Peptide secreted by neurons as a signal molecule either at
synapses or elsewhere.

neurotransmitter
Small signal molecule secreted by the presynaptic nerve cell
at a chemical synapse to relay the signal to the postsynaptic
cell. Examples include acetylcholine, glutamate, GABA,
glycine, and many neuropeptides.

neutron
Uncharged heavy subatomic particle that forms part of an
atornic nucleus. (Figure 2-1)

neutrophil
White blood cell that is specialized for the uptake of particu-
late material by phagocytosis. Enters tissues that become
infected or inflamed. {Figures 24-55 and 25-24)

NFxB protein
Latent gene regulatory protein that is activated by various
intracellular signaling pathways when cells are stimulated
during immune, inflammatory, or stress responses. Also has
important roles in animal development. (Figure 15-79)

nicotinamide adenine dinucleotide—see NAD*/NADH

nicotinamide adenine dinucleotide phosphate—see
NADP*/NADPH

nitric oxide (NO)
Gaseous signal molecule that is widely used in cell-cell com-
munication in both animals and plants. (Figure 15-12)

nitrogen fixation
Biochemical process carried out by certain bacteria that
reduces atmospheric niirogen (N») to ammonia, leading
eventually to various nitrogen-containing metabolites.

NK cell—see natural killer cell

N-linked oligosaccharide
Chain of sugars attached to a protein through the NH» group
of the side chain of an asparagine residue. Compare O-linked
oligosaccharide. (Figures 12-50 and 12-51)

nim—see nanometer

NMR (nuclear magnetic resonance, NMR spectroscopy)

NMR is the resonant ahbsorption of electromagnetic radia-
tion at a specific frequency by atomic nuclei in a magnetic
field, due to flipping of the orientation of their magnetic
dipole moments. The NMR spectrum provides information
about the chemical environment of the nuclei, NMR is used
widely to determine the three-dimensional structure of
small proteins and other small molecules. The principles of
NMR are also used for medical diagnostic purposes in mag-
netic resonance imaging (MRI). (Figure 8-29)

NO—see nitric oxide

noncovalent bond (noncovalent attraction, noncovalent
interaction)
Chemical bond in which, in contrast to a covalent bond, no
electrons are shared. Noncovalent bonds are relatively weak,
but they can sum together to produce strong, highly specific
interactions between molecules. {Panel 2-3 , pp. 110-111)

noncyclic photophosphorylation
Photosynthetic process that produces both ATP and NADPH
in plants and cyancbacteria. (Figure 14-49)

nondisjunction
Event occurring occasionally during meiosis in which a pair
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of homologous chromosomes fails to separate so that the
resulting germ cell has either too many or too few chromo-
S0MES.

nonenveloped virus
Virus consisting of a nucleic acid core and a protein capsid
only. (Figure 24-24C and D}

nonpolar (apolar)
Lacking any asymmetric accumulation of positive and nega-
tive charge. Nonpolar molecules are generally insoluble in
water. (Panels 2-2 and 2-3, pp. 108 -111)

nonretroviral retrotransposon—see retrotransposon

nonsense-mediated mRNA decay
Mechanism for degrading aberrant mRNAs containing in-
frame internal stop codons before they can be translated
into protein. (Figure 6-80)

Northern blotting
Technique in which RNA fragments separated by elec-
trophoresis are immobilized on a paper sheet, and a specific
RNA is then detected by hybridization with a labeled nucleic
acid probe.

NO synthase (NOS)
Enzyme that synthesizes nitric oxide (NO) by the deamina-
tion of arginine. (Figure 15-12B)

Notch
Transmembrane receptor protein {and latent gene regula-
tory protein) involved in many cell-fate choices in animal
development, for example in the specification of nerve cells
from ectodermal epithelium. Its ligands are cell-surface pro-
teins such as Delta and Serrate. (Figure 15-76)

notochord
Stiff rod of cells defining the central axis of all chordate
embryos. In vertebrates becomes incorporated into the ver-
tebral column. (Figure 22-97)

NPC—see nuclear pore complex

NSF (N-ethylmaleimide sensitive factor)
Protein with ATPase activity that disassembles a complex of
a v-SNARE and a t-SNARE. (Figures 13-18 and 13-22)

N terminus (aming terminus)
The end of a polypeptide chain that carries a free o-amino
group. (Figure 3-1)

nuclear envelope (nuclear membrane)
Double membrane (two bilayers) surrounding the nucleus.
Consists of an outer and inner membrane and is perforated
by nuclear pores. The outer membrane is continuous with
the endoplasmic reticulum. (Figures 4-9 and 12-8)

nuclear export signal
Sorting signal contained in the structure of molecules and
complexes, such as RNAs and new ribosomal subunits, that
are transported from the nucleus to the cytosol through
nuclear pore complexes. {Figure 12-15)

nuclear lamin
Protein subunit of the intermediate filaments that form the
nuclear lamina.

nuclear lamina
Fibrous meshwork of proteins on the inner surface of the
inner nuclear membrane. It is made up of a network of inter-
mediate filaments formed from nuclear lamins.

nuclear localization signal (NLS)
Signal sequence or signal patch found in proteins destined
for the nucleus that enables their selective transport into the
nucleus from the cytosol through the nuclear pore com-
plexes. (Figures 12-11 and 12-15)

nuclear magnetic resonance—see NMR

nuclear pore complex (NPC)
Large multiprotein structure forming an aqueous channel

(the nuclear pore) through the nuclear envelope that allows
selected molecules to move between nucleus and cytoplasm.
(Figure 12-9)

nuclear receptor superfamily
Intracellular receptors for hydrophobic signal molecules
such as steroid and thyroid hormones and retinoic acid. The
receptor-ligand complex acts as a transcription factor in the
nucleus. (Figure 15-14)

nuclear transplantation
Transfer of a nucleus from ene cell to another by micrainjec-
tion. {Figure 8-6)

nuclear transport receptor (karyopherin)
Pratein that escorts macromolecules either into or out of the
nucleus: nuclear import receptor or nuclear export receptor.
(Figure 12-15)

nuclease
Enzyme that splits nucleic acids by hydrolyzing bonds
between nucleotides. See also endonuclease and exonucle-
ase.

nucleation
Critical stage in the assembly of a polymeric structure, such
as a microtubule, in which a small cluster of monomers
aggregates in the correct arrangement to initiate rapid poly-
merization. (Panel 16-2, pp. 978-979) More generally, the
rate-limiting step in an assemhly process.

nucleic acid
RNA or DNA, a macromolecule consisting of a chain of
nucleotides joined together hy phosphodiester bonds.

nucleic acid hybridization—see hybridization

nucleocapsid
Viral nucleic acid plus its surrounding protein capsid. If a
viral envelope is present, the envelope surrounds the nucle-
ocapsid. (Figure 13-19)

nucleolar organizer
Region of a chromosome containing a cluster of rRNA genes
that gives rise to part of a nucleclus. (Figure 6-47)

nucleolus
Structure in the nucleus where rRNA is transcribed and ribo-
somal subunits are assembled. (Figure 4-9)

nucleoporin
Any of a number of different proteins that make up nuclear
pore complexes.

nucleoside
Purine or pyrimidine base covalently linked to a ribose or
deoxyribose sugar. (Panel 2-6, pp. 116-117)

nucleosome
Beadlike structure in eucaryotic chromatin, composed of a
short length of DNA wrapped around an octameric core of
histone proteins. The fundamental structural unit of chro-
matin. (Figures 4-23 and 4-24}

nucleotide
Nucleoside with one or more phosphate groups joined in
ester linkages to the sugar moiety. DNA and RNA are poly-
mers of nucleotides. {Panel 2-6, pp. 116-117)

nucleotide excision repair
Type of DNA repair that corrects damage of the DNA double
helix, such as those caused by chemical or UV damage, by
cutting out the damaged region on one strand and resynthe-
sizing it using the undamaged strand as template, Compare
base excision repair. (Figure 5-48)

nucleus
Prominent membrane-bounded organelle in eucaryotic
cells, containing DNA organized into chromosomes.

null mutation
Loss-of-function mutation that completely abolishes the
activity of a gene. (Panel 8-1, pp. 554-555)
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nurse cell
Cell in the invertebrate ovary that is connected by cytoplas-
mic bridges to a developing cocyte and thereby supplies the
oocyte with ribosomes, mRNAs, and proteins needed for the
development of the early embryo. (Figure 21-24)

occluding junction
Type of cell junction that seals cells together in an epithe-
lium, forming a barrier through which even small molecules
cannot pass—making the cell sheet an impermeable (or
selectively permeable) barrier. (Figure 19-2, and Table 19-1,
p. 1133)

Okazaki fragments
Short lengths of DNA produced on the lagging strand during
DNA replication. Rapidly joined by DNA ligase to form a con-
tinuous DNA strand. (Figure 5-7)

olfactory sensory neuron
The sensory cell in the nasal olfactory epithelium responsi-
ble for detecting odors,

oligodendrocyte
Glial cell in the vertebrate central nervous system that forms
a myelin sheath around axons. Compare Schwann cell.

oligomer
Short polymer.

oligosaccharide
Short linear or branched chain of covalently linked sugars.
(Panel 24, pp. 112-113)

O-linked oligosaccharide
Chain of sugars attached to a protein through the OH group
of serine or threonine residues. Compare N-linked oligosac-
charide. (Figure 13-32)

oncogene
An altered gene whose product can act in a dominant fash-
ion to help make a cell cancerous. Typically, an oncogene isa
mutant form of a normal gene (proto-oncogene) involved in
the control of cell growth or division. (Figure 20-27)

oocyte
Developing egg, before it has completed meiosis. {(Figures
21-25 and 21-26)

oogenesis
Formation and maturation of oocytes in the ovary. (Figure
21-23)

open reading frame (ORF)
A cantinuous nucleotide sequence free from stop codons in
at least one of the three reading frames (and thus with the
potential to code for protein).

operator
Short region of DNA in a bacterial chromosome that controts
the transcription of an adjacent gene. {Figure 7-34)

operon
In a bacterial chromosome, a group of contiguous genes that
are transcribed into a single mRNA molecule. (Figure 7-34)

ORC—see origin recognition complex
ORF—see open reading frame

organelle
Subcellular compartment or large macromolecular complex,
often membrane-enclosed, that has a distinct structure,
composition, and function. Examples are muicleus, nucleo-
lus, mitochondrion, Golgi apparatus, and centrosomes.
(Figure 1-30}

Organizer (Spemann’s Organizer)
Specialized tissue at the dorsal lip of the blastopore in an
amphibian embryog; a source of signals that help to orches-
trate formation of the embryonic body axis. (Named after H.
Spemann and H. Mangold, co-discoverers) (Figure 22-74)
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origin of replication
Site in a chromosome where DNA replication starts.

origin recognition complex (ORC)
Large protein complex that is bound to the DNA at origins of
replication in eucaryotic chromosomes throughout the cell
cycle. (Figure 5-36)

orthologs
Genes or proteins from different species that are similar in
sequence because they are descendants of the same gene in
the last common ancestor of those species. Compare par-
alogs. (Figure 1-25)

osmosis
Net movement of water molecules across a semipermeable
membrane driven by a difference in concentration of solute
on either side. The membrane must be permeable to water
but not to the solute molecules. (Panel 11-1, p. 664)

osteoblast
Cell that secretes matrix of bone. (Figure 23-55)

osteoclast
Macrophage-like cell that erodes bone, enabling it to be
remodeled during growth and in response to stresses
throughout life. (Figure 23-59)

osteocyte
Nondividing cell in bone that develops from an osteoblast
and is embedded in bone matrix. (Figure 23-55)

ovulation
Release of an egg from the ovary. {Figure 21-26)

ovum
Mature egg.

oxidase .
Enzyme that catalyzes an oxidation reaction, especially one
in which molecular oxygen is the electron acceptor.

oxidation (verb oxidize)
Loss of electrons from an atom, as occurs during the addi-
tion of axygen to a molecule or when a hydrogen is removed.
Opposite of reduction. (Figure 2-43)

oxidative phosphorylation
Process in bacteria and mitochondria in which ATP forma-
tion is driven by the transfer of electrons through the elec-
tron transport chain to molecular oxygen. Involves the inter-
mediate generation of a proton gradient (pH gradient] across
a membrane and a chemiosmotic coupling of that gradient
to the ATP synthase. {Figures 14-10 and 14-14}

53
g Tumeor suppressor gene found mutated in about half of
human cancers. Encodes a gene regulatory protein that is
activated by damage to DNA and is involved in blocking fur-
ther progression through the cell cycte. (Figures 20-37 and
20-40)

pairing (homolog pairing)
In meiosis, the lining up of the two homologous chromo-
somes along their length. (Figure 21-6)

pair-rule gene
In Drosophila development, a gene expressed in a series of
regular transverse stripes along the body of the embryo and
which helps to determine its different segments. (Figure
22-37)

palindromic sequence
Nucleotide sequence that is identical to its complementary
strand when each is read in the same chernical direction—
e.g., GATC. (Figure 8-31)

Par3, Par6
Seaffold proteins involved in the specification of polarity in
individual animal cells; Par3 and Paré form a complex with
atypical protein kinase C (aPKC). (Figure 19-31)
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paracrine signaling
Short-range cell-cell communication via secreted signal
molecules that act on neighboring cells, (Figure 15-4)

paralogs
Genes or proteins that are similar in sequence because they
are the result of a gene duplication event occurring in an
ancestral organismn. Compare orthologs. {Figure 1-25)

parthenogenesis
Production of a new individual from an egg cell in the
absence of fertilization by a sperm.

passive transport {facilitated diffusion)
Transport of a solute across a membrane down its concen-
tration gradient or its electrochemical gradient, using only
the energy stored in the gradient. (Figure 11-4)

patch-clamp recording
Electrophysiolagical technique in which a tiny electrode tip
is sealed onto a patch of cell membrane, thereby making it
possibie to record the flow of current through individual ion
channels in the patch, (Figure 11-33)

pathogen (adjective pathogenic)
An organism, cell, virus, or prion that causes disease.

pattern recognition receptor
Receptor present on or in cells of the innate immune system
that recognizes and responds to pathogen-associated molec-
ular patterns (PAMPs)—such as surface carbohydrates on
bacteria and viruses and unmethylated GC sequences in
bacterial DNA.

PCR (polymerase chain reaction)
Technique for amplifying specific regions of DNA by the use
of sequence-specific primers and multiple cycles of DNA
synthesis, each cycle being followed by a brief heat treatment
to separate complementary strands. (Figure 8-45)

PDZ domain
Protein-binding domain present in many scaffold proteins,
and often used as a docking site for intracellular tails of
transmembrane proteins. (Figure 19-21)

pectin
Mixture of polysaccharides rich in galacturonic acid which
forms a highly hydrated matrix in which cellulose is embed-
ded in plant cell walls. (Figure 19-79)

pentose
Five-carbon sugar.

peptide
Short polymer of amino acids.

peptide bond
Chemical bond between the carbonyl group of one amine
acid and the amine group of a second amino acid—a special
form of amide linkage. Peptide bonds link amine acids
together in proteins. (Panel 3-1, pp. 128-129)

peripheral lymphoid organ (secondary lymphoid organ)
Lymphoid organ in which T cells and B cells interact with for-
eign antigens. Examples are spleen, lymph nodes, and
mucosal-associated lymphoid tissue. (Figure 25-3)

peripheral membrane protein
Protein that is attached to one face of a membrane only by
noncovalent interactions with other membrane proteins,
and which can be removed by relatively gentle treatments
that leave the lipid bilayer intact. (Figure 10-19)

permease—see transporter

permissive (nonrestrictive) conditions
Circumstances (such as temperature or nutrient availability)
in which the phenotypic effect of a conditional mutation will
be absent: that is, the phenotype will be normal. (Figure 8-55
and Panel 8-1, pp. 554-555)

peroxisome
Small membrane-bounded organelle that uses molecular
oxygen to oxidize organic molecules. Contains some
enzymes that produce and others that degrade hydrogen
peroxide (Hz02}. (Figure 12-30)

pH
Common measure of the acidity of a solution: “p” refers to
power of 10, “H” to hydrogen, Defined as the negative loga-
rithm of the hydrogen ion concentration in moles per liter
{M). pH =-log [H']. Thus a solution of pH 3 will contain 10~
M hydrogen ions. pH less than 7 is acidic and pH greater
than 7 is alkaline.

phage—see bacteriophage

phagocyte
General term for a professional phagocytic cell—that is, a
cell such as a macrophage or neutrophil that is specialized to
take up particles and microorganisms by phagocytosis.
(Figures 13-46 and 13-47)

phagocytosis
Process by which unwanted cells, debris, and other bulky
particulate material is endocytosed (“eaten”) by a cell.
Prominent in carnivorous cells, such as Amoeba proteus, and
in vertebrate macrophages and neutrophils. From Greek
Phagein, to eat. (Figure 24-53)

phagosome
Large intracellular membrane-bounded vesicle that is
formed as a result of phagocytosis. Contains ingested extra-
celtular material. (Figure 24-30)

phase-contrast microscope
Type of light microscope that exploits the interference effects
that occur when light passes through material of different
refractive indexes. Used to view living cells, (Figures 9-7 and
22-101)

PH domain—see pleckstrin homology domain

phenotype
The observable character (including both physical appear-
ance and behavior) of a cell or organism. (Panel 8-1, pp.
554-555)

phosphatase
Enzyme that catalyzes the hydrolytic removal of phosphate
groups from a molecule.

phosphatidylcholine (lecithin)
Common phospholipid present in abundance in most bio-
logical mebranes. (Figure 10-3)

phosphatidylinositol
An inositol phosphalipid. {Figure 15-37}

phosphatidylinositol 4,5-bisphosphate (PI(4,5)P», PIP5)
Membrane inositol phospholipid (a phosphoinositide) that
is cleaved by phospholipase C into IP; and diacylglycerol at
the beginning of the inositol phospholipid signaling path-
way. It can also be phosphorylated by PI 3-kinase to preduce
PIP; docking sites for signaling poteins in the PI 3-kinase/Akt
signaling pathway. (Figures 15-38 and 15-64)

phosphoanhydride bond
High-energy bond linking phesphate groups in, for instance,
ATP and GTP. {Panel 2-6, pp. 116-117)

phosphodiester hond
A covalent chemical bond formed when two hydroxyl groups
form ester linkages to the same phosphate group, such as
between adjacent nucleatides in RNA or DNA. {Figure 2-28)

phosphoglyceride
Phospholipid derived from glycerol, abundant in biomem-
branes. (Figures 10-2 and 10-3)

phosphoinositide—see inositol phospholipid
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phosphoinositide 3-kinase (PI 3-kinase)
Membrane-bound enzyme that is a component of the PI 3-
kinase/Akt intracellular signaling pathway. It phosphory-
lates phosphatidylinositol 4,5-bisphasphate at the 3 posi-
tion on the inositol ring to produce PIP; docking sites in the
membrane for other intracellular signaling proteins.
(Figure 15-64}

phospholipase C (PLC)
Membrane-bound enzyme that cleaves inositel phospho-
lipids to produce IP3 and diacylglycerol in the inositol phos-
pholipid signaling pathway. PLCR is activated by GPCRs via
specific G proteins, while PLCy is activated by RTKs. {(Figures
25-39 and 15-55)

phospholipid
The main category of lipids used to construct biomem-
branes. Generally composed of two fatty acids linked
through glycerol (or sphingosine) phosphate to one of a vari-
ety of polar groups. (Flgure 10-3, and Panel 2-5, pp. 114-115)

phosphorylation
Reaction in which a phasphate group is covalently coupled
to another molecule.

phosphorylation cascade
Series of sequential protein phosphorylations mediated by a
series of protein kinases, each of which phosphorylates and
activates the next kinase in the chain. Such cascades are
common in intracellular signaling pathways. (Figure 15-60)

photoactivation
Technique for studying intracellular processes in which an
inactive form of a molecule of interest is introduced into the
cell, and is then activated by a focused beam of light at a pre-
cise spot in the cell. (Figure 9-30)

photochemical reaction center
The part of a photosystem that converts light energy into
chemical energy in photosynthesis. (Figure 14-43}

photoreceptor
Cell or molecule that is sensitive to light.

photorespiration
Wasteful metabolic process that occurs in plants in condi-
tions of low CQOs in which G is used up and CO; liberated
without the production of carbohydrate for storage.

photosynthesis
Process by which plants, algae and some bacteria use the
energy of sunlight ta drive the synthesis of organic molecules
from carbon dioxide and water. (Figures 2-40 and 14-38}

photosynthetic electron transfer
Light-driven reactions in photosynthesis in which electrons
move along an electron-transport chain in a membrane,
generating ATP and NADPH. (Figure 14-38)

photosystem
Multiprotein complex involved in photosynthesis that cap-
tures the energy of sunlight and converts it to useful forms of
energy. (Figure 14-43}

phragmoplast
Structure made of microtubules and actin filaments that
forms in the prospective plane of division of a plant cell and
guides formation of the cell plate. (Figure 17-57)

phylogeny
Evolutionary history of an organism or group of organisms,
often presented in chart form as a phylogenetic tree. (Figures
4-75 and 14-72)

pl—see isoelectric point
PI 3-kinase—see phosphoinositide 3-kinase
pinocytosis
Literally, “cell drinking.” Type of endocytosis in which soluble

materials are continually taken up from the environment in
small vesicles and moved into endosomes along with the
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membrane-hound molecules.
(Figure 13-48)

Compare phagocytosis.

PKA—see cyclic-AMP-dependent protein kinase
PKB—see Akt
PKC—see protein kinase C

planar cell polarity
Type of cellular asymmetry seen in some epithelia, such that
each cell has a polarity vector oriented in the plane of the
epithelium. (Figure 19-32)

plant growth regulator (plant hormone)
Signal molecule that helps coordinate growth and develop-
ment. Examples are ethylene, auxins, gibberellins,
cytokinins, abscisic acid, and the brassinosteroids.

plasma membrane
The membrane that surrounds a living cell. (Figure 10-1)

plasmid
Small circular extrachromosomal DNA molecule that repli-
cates independently of the genome. Modified plasmids are
used extensively as vectors for DNA cloning.

plasmodesma (plural plasmodesmata)
Plant equivalent of a gap junction. Communicating cell-cell
junction in plants in which a channel of cytoplasm lined hy
plasma membrane connects two adjacent cells through a
small pore in their cell walls.

plastid
Cytoplasmic organelle in plants, bounded by a double mem-
brane, that carries its own DNA and is often pigmented.
Chloroplasts are plastids.

platelet
Cell fragment, lacking a nucleus, that breaks off from a
megakaryocyte in the bone marrow and is found in large
numbers in the bloodsiream. Helps initiate blood clotting
when blood vessels are injured.

PLC—see phospholipase C

pleckstrin homology domain (PH domain}
Protein domain found in some intracellular signaling pro-
teins. Some PH domains in intracellular signaling proteins
bind to phosphatidylinositol 3,4,5-trisphosphate produced
by PI 3-kinase, bringing the signaling protein to the plasma
membrane when PI 3-kinase is activated.

ploidy
The number of complete homologous sets of chromosomes
in a genome. Diploid organisms have two sers in their
somatic cells; haploid organisms have a single set; polyploid
organisms have more than two.

plus end
End of a micratubule or actin filament at which addition of
monomers occurs most readily; the “fast-growing” end of a
microtubule or actin filament. The plus end of an actin fila-
ment is also known as the barbed end. (Panel 16-2, pp.
978-979)

point mutation
Change of a single nucleotide pair, or a very small part of a
single gene, in DNA. {Panel 8-1, pp. 554~555)

polar
In the electrical sense, describes a structure (for example, a
chemical bond, cherical group, or molecule) with positive
charge concentrated toward one end and negative charge
toward the other as a result of an uneven distribution of elec-
trons. Polar molecules are likely to be soluble in water.
(Figure 2-10 and Panel 2-2, pp. 108-109)

polar body
Smaller of two daughter cells produced during meiosis by
asymmetric division of a primary or secondary oocyte, the
other (large) daughter being the oocyte or ovum itself. The
polar bodies eventually degenerate. (Figure 21-23)
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polyadenylation )
Addition of a long sequence of A nucleotides (the poly-A tail)
to the 3’ end of a nascent mRNA molecule. (Figures 6-21 and
6-38)

poly-A tail—see polyadenylation

polycistronic mRNA .
Individual mRNA that encodes several different proteins-—
commenly found in bacteria but not in eucaryotes. (Figure
6-73)

polygenic trait
Heritable characteristic that is influenced by multiple genes,
each of which makes a small contribution to the phenotype.

polymer )
Large molecule made by covalently linking multiple identical
or similar units (monomers) together.

polymerase
Enzyme that catalyzes polymerization reactions such as the
synthesis of DNA and RNA. See also DNA polymerase, RNA
polymerase.

polymerase chain reaction—see PCR

polymorphic .
Describes a gene with two or more alleles that coexist at high
frequency in a population.

polypeptide
Linear polymer of amino acids. Proteins are large polypep-
tides, and the two terms can be used interchangeably. (Panel
3-1, pp. 128-129)

polyploid
Cell or organism that contains more than two sets of homol-
ogous chromosomes.

polyribosome (polysome)
Messenger RNA molecule to which are attached a number of
ribosomes engaged in protein synthesis. (Figure 6-76)

polysaccharide
Linear or branched polymer of monosaccharides. Examples
include glycogen, starch, hyaluronic acid, and cellulose.
(Panel 2-4, p. 113)

polytene chromosome
Giant chromosome in which the DNA has undergone
repeated replication and the many copies have stayed
together. (Figures 4-58 and 4-59)

porin
Channel-forming proteins of the outer membranes of bacte-
ria, mitochondria, and chloroplasts.

position effect

Difference in gene expression that depends on the position
of the gene on the chromosome and probably reflects differ-
ences in the state of the chromatin along the chromosome.
When an active gene is placed next to heterochromatin, the
inactivating influence of the heterochromatin can spread to
affect the gene to a variable degree, giving rise to position
effect variegation. (Figure 4-36)

positional information
Information supplied to or possessed by cells according to
their position in a multicellular organism. A cell’s internal
record of its positional information is called its positional
value,

positive feedback
Control mechanism whereby the end product of a reaction
or pathway stimulates its own production or activation.

post-transcriptional contrel
Any control on gene expression that is exerted at a stage after
transcription has begun. {Figure 7-92}

post-translational modification
An enzyme-catalyzed change to a protein made after it is

synthesized. Examples are acetylation, cleavage, glycosyla-
tion, methylation, phosphorylation, and prenylation,

pre-B cell
Immediate precursor of a B cell. (Figure 25-22)

preinitiation complex
A multiprotein complex that is assembled on the origin of
replication at the onset of the S phase of the eucaryoric cell
cycle. Initiates DNA synthesis by unwinding the DNA helix
and leading DNA polymerases and other replication
enzymes onto the DNA strands. (Figure 17-23)

pre-mRNA
Precursor to messenger RNA, In eucaryotes, includes all
intermediate stages of RNA processing,.

prenylation
Covalent attachment of an isoprenoid lipid group to a pro-
tein. (Figure 10-20)

preprophase band
Circumferential band of microtubules and actin filaments
that forms around a plant cell under the plasma membrane
prior to mitosis and cell division, (Figure 17-57}

prereplicative complex (pre-RC)
Multiprotein complex that is assembled at origins of replica-
tion during late mitosis and early G; phases of the cell cycle;
a prerequisite to license the assembly of a preinitiation com-
plex, and the subsequent initiation of DNA replication.
{Figures 17-22 and 17-23)

primary cell wall
The first cell wall produced by a developing plant cell; it is
thin and flexible, allowing reom for cell growth. (Figure
19-79)

primary cilium
Short, single, nonmotile, cilium lacking dynein that arises
from a centriole and projects from the surface of many ani-
mal cell types. Some signaling proteins are concentrated in
the primary cilium. (Figure 15-48)

primary immune response
Adaptive immune response to an antigen that is made on
first encounter with that antigen. (Figure 25-10)

primary structure
Linear sequence of monomer units in a polymer, such as the
amino acid sequence of a protein.

primary transcript (primary RNA transcript)
Freshly synthesized transcript, before it has undergone splic-
ing or other modifications. (Figure 6-21)

primary tumor
Tumor at the original site at which a cancer first arose.
Secondary tumors develop elsewhere by metastasis.

primase—see DNA primase

primer
Oligonucleotide that pairs with a templaie DNA or RNA
strand and promotes the synthesis of 2 new complementary
strand by a polymerase.

primordial germ cell
Cell in an embryo that is a precursor to cells that give rise to
gametes. (Figures 21-17, 21-23, and 21-30)

prion
An infectious, abnormally folded form of a protein that is
replicated in the hast by inducing normal proteins of the same
type to adopt the aberrant structure. (Figures 6-95 and 6-96)

prion disease
Transmissible spongiform encephalopathy—such as Kuru
and Creutzfeld-Takob disease (CID) in humans, scrapie in
sheep, and bovine spongiform encephalopathy (BSE, or ‘mad
cow disease’) in cows—that is caused and transmitted by an
infectious, abnormally folded protein (prion). (Figure 24-18)
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probe
Defined fragment of RNA or DNA, radioactively or chemi-
cally labeled, used to locate specific nucleic acid sequences
by hybridization.

procaryote (prokaryote)
Single-celled microorganism whose cells lack a well-defined,
membrane-enclosed nucleus. Either a bacterium or an
archaeon. (Figure 1-21)

procaspase
Inactive precursor of a caspase, a proteolytic enzyme usually
involved in apoptosis. (Figure 18-5)

processive
Of an enzyme: able to proceed along a polymer chain cat-
alyzing the same reaction repeatedly without detaching from
the chain.

programmed cell death
A form of cell death in which a cell kills itself by activating an
intracellular death program.

prometaphase
Phase of mitosis preceding metaphase in which the nuclear
envelope breaks down and chromosomes first attach ta the
spindle. (Panel 17-1, pp. 1072-1073)

promoter
Nucleotide sequence in DNA to which RNA polymerase
binds to begin transcription. See also inducible promoter.
(Figure 7-44)

proneural gene
Gene whose expression defines cells with the potential to
develop as neural tissue.

proofreading
Process by which potential errors in DNA replication, tran-
scription, and translation are detected and corrected.

prophase
First stage of mitosis, during which the chromosomes are
condensed but not yet attached to a mitotic spindle. {Panel
17-1, pp. 1072-1073)

protease (proteinase, proteolytic enzyme}
Enzyme that degrades proteins by hydrolyzing some of the
peptide bonds between amino acids.

proteasome
Large protein complex in the cytosol with proteolytic activity
that is responsible for degrading proteins that have been
marked for destruction by ubiquitylation or by some other
means. (Figures 6-89 and 6-90)

protein
The major macromolecular constituent of cells. A linear
polymer of amino acids linked together by peptide bonds in
a specific sequence. (Figure 3-1)

protein activity control
The selective activation, inactivation, degradation, or com-
partmentalization of specific proteins after they have been
made. One of the means by which a cell controls which pro-
teins are active at a given time or location in the cell.

protein domain—see domain

protein kinase
Enzyme that transfers the terminal phosphate group of ATP
to one or more specific amino acids (serine, threonine, or
tyrosine) of a target protein.

protein kinase A (PKA)—see cyclic-AMP-dependent protein
kinase

protein kinase B—see Akt

protein kinase C (PKC)
Ca?*-dependent protein kinase that, when activated by dia-
cylglycerol and an increase in the concentration of cytosolic
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Ca?*, phosphorylates target proteins on specific serine and
threonine residues. (Figure 15-39)

protein subunit
An individual protein chain in a protein composed of mare
than one chain.

protein translocator
Membrane-bound protein that mediates the transport of
another protein across a membrane. (Figure 12-23)

protein tyrosine phosphatase
Enzyme that removes phosphate groups from phosphory-
lated tyrosine residues on proteins. (Figure 25-71)

proteoglycan
Molecule consisting of one or more glycosaminoglycan
chains attached to a core protein. (Figure 19-58)

proteolysis
Degradation of a protein by hydrolysis at one or more of its
peptide bonds,

proteolytic enzyme—see protease

proteomics
Study of all the proteins, including all the covalently modi-
fied forms of each, produced by a cell, tissue, or organism.
Proteomics often investigates changes in this larger set of
proteins in ‘the proteome’'—caused by changes in the envi-
ronment or by extracellular signals,

protist
Single-celled eucaryote. Includes protozoa, algae, yeasts.
(Figure 1-41)

proton
Positively charged subatomic particle that forms part of an
atomic nucleus. Hydrogen has a nucleus composed of a sin-
gle proton (H). (Figure 2-1)

proton-maotive force
The force exerted by the electrochemical proten gradient
that moves protons across a membrane. (Figure 14-13)

proto-oncogene
Normal gene, usually concerned with the regulation of cell
proliferation, that can be converted into a cancer-promoting
oncogene by mutation. (Figure 20-34)

protozoa
Free-living or parasitic, nonphotosynthetic, single-celled,
motile eucarvotic organisms, such as Paramecium and
Amoeba. Free-living protozoa feed on bacteria or other
microorganisms. (Figure 1-41)

pseudogene
Nucleotide sequence of DNA that has accumulated multiple
mutations that have rendered an ancestral gene inactive and
nonfunctional.

pseudopodium {plural pseudopodia) '
Large, thick cell-surface protrusion formed by amoeboid
cells as they crawl. More generally, any similarly shaped
dynamic actin-rich extension of the surface of an animal cell.
Compare filopodium, lamellipodium. (Figure 16-94)

pump )
Transmembrane protein that drives the active transport of
jons or small molecules across the lipid bilayer.

purifying selection
Natural selection operating to retard divergence in gene
sequences within a population in the course of evolution by
eliminating individuals carrying deleterious mutations.

purine .
Nitrogen-containing ring compound found in DNA and
RNA: adenine or guanine. {Panel 2-6, pp. 116-117)

pyrimidine )
Nitrogen-containing ring compound found in DNA and
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RNA: cytosine, thymine, or uracil. (Panel 2-6, pp. 116-117)

pyruvate (CH;COCOO")
End-product of the glycotytic pathway. Enters mitochondria
and feeds inio the citric acid cycle and other biosynthetic
pathways.

quaternary siructure
Three-dimensional relationship of the different polypeptide
chains in a multisubunit protein or protein complex.

quinone {Q)
Small, lipid-soluble mobile electron carrier molecule found
in the respiratory and photosynthetic electron-transport
chains. (Figure 14-24)

Rab (Rab protein)
Monomeric GTPase in the Ras superfamily present in the
plasma membrane and organelle membranes. Involved in
conferring specificity on vesicle docking, (Table 15-5, p. 926)

Ran (Ran protein)
Monomeric GTPase in the Ras superfamily present in both
¢ytosol and nucleus. Required for the active transport of
macromolecules into and out of the nucleus through nuclear
pore complexes. {Table 15-5, p, 926)

Ras (Ras protein)
Monomeric GTPase of the Ras superfamily that helps to relay
signals from cell-surface RTK receptors to the nucleus, fre-
quently in response to signals that stimulate cell division.
Named for the ras gene, first identified in viruses that cause
rat sarcomas. (Figure 3-72)

Ras superfamily
Large superfamily of monomeric GTPases (also called small
GTP-binding proteins) of which Ras is the prototypical mem-
ber. (Table 15-5, p. 926)

Rb—see retinoblastoma protein

reading frame
Phase in which nucleotides are read in sets of three to
encode a protein. A mRNA molecule can be read in any one
of three reading frames, only one of which will give the
required protein. (Figure 6-51)

RecA (RecA protein)
Prototype for a class of DNA-binding proteins that catalyze
synapsis of DNA strands during genetic recombination.
(Figure 5-56)

receptor
Any protein that binds a specific signal molecule (ligand)
and initiates a response in the cell. Some are on the cel] sur-
face, while others are inside the cell. (Figure 15-3)

receptor-mediated endocytosis
Internalization of receptor-ligand complexes from the
plasma membrane by endocytosis. (Figure 13-53)

receptor serine/threonine kinase
Cell-surface receptor with an extracellular ligand-binding
domain and an intracellular kinase domain that phosphory-
lates signaling proteins on serine or threonine residues in
response to ligand binding. The TGFp receptor is an exam-
ple. (Figure 15-69)

receptor tyrosine kinase (RTK)
Cell-surface receptor with an extracellutar ligand-binding
domain and an intracellular kinase domain that phosphory-
lates signaling proteins on tyrosine residues in response to
ligand binding. (Figure 15-52 and Table 15-4, p. 923}

recessive
In genetics, the member of a pair of alleles that fails to be
expressed in the phenotype of the arganism when the domi-
nant allele is present. Also refers to the phenotype of an indi-
vidual that has anly the recessive allele. (Panel 8-1, pp.
554-555)

recombinant DNA
Any DNA molecule formed by joining DNA segments from
different sources.

recombinant DNA technology—see genetic engineering

recombination (genetic recombination)

Process in which DNA molecules are broken and the frag-
ments are rejoined in new combinations. Can occur natu-
rally in the living cell—for example, through crossing-over
during meiosis—or in vitro using purified DNA and enzymes
that break and ligate DNA strands. Three broad classes are
homologous (general), conservative site-specific, and trans-
positional recombination.

recombination complex
In meiosis, a protein complex that assembles at a DNA dou-
ble-strand break and helps mediate homologous recombina-
tion.

recycling endosome
Large intracellular membrane-bounded vesicle formed from
a fragment of an endosome; an intermediate stage on the
passage of recycled receptors back to the cell membrane,
(Figure 13-60)

red blood cell—see erythrocyte

redox pair
Pair of molecules in which one acts as an electron donor and
one as an electron acceptor in an oxidation-reduction reac-
tion: for example, NADH (electron donor) and NAD* (elec-
tron acceptor). (Panel 14-1, p. 830)

redox potential
The affinity of a redox pair for electrons, generally measured
as the volrage difference between an equimolar mixture of
the pair and a standard reference. NADH/NAD* has a low
redox potential and Oz/H; has a high redox potential (high
affinity for electrons). (Panel 14-1, p. 830}

redox reaction
Reaction in which one component becomes oxidized and
the other reduced; an oxidation-reduction reaction. (Panel
14-1, p. 830}

reduction (verb reduce)
Addition of electrons to an atom, as occurs during the addi-
tion of hydrogen to a biological molecule or the removal of
oxygen from it. Opposite of oxidation. (Figure 2-43)

regulative
Of embryos or parts of embryos: self-adjusting, so that a nor-
mal structure emerges even if the starting conditions are per-
turbed.

regulator of G protein signaling (RGS)
A GAP protein that binds to a trimeric G protein and
enhances its GTPase activity, thus helping to limit G-protein-
mediated signaling. (Figure 15-19)

regulatory sequence
DNA sequence to which a gene regulatory protein binds to
control the rate of assembly of the transcriptional complex at
the promoter. (Figure 7-44)

release factor
Protein that enables release of a newly synthesized protein
from the ribosome by binding to the ribosome in the place of
tRNA (whose structure it mimics}, (Figure 16-74)

replication—see DNA replication

replication fork
Y-shaped region of a replicating DNA molecule at which the
two strands of the DNA are being separated and the daugh-
ter strands are being formed. (Figures 5-7 and 5-19)

replication origin
Location on a DNA molecule at which duplication of the
DNA begins. {Figures 4-21 and 5-25)
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replicative cell senescence—see also senescence
Phenomenon observed in primary cell cultures in which cell
proliferation slows down and finally irreversibly halts,

reporter gene
Genetic construct, usually artificial, in which a copy of the
regulatory DNA of a gene of interest is linked to a sequence
coding for an easily-detectable product. The presence or
absence of this product (the reporter protein’) in a cell con-
taining the construct indicates whether the gene of interest
is active or inactive. (Figure 8-70)

tepressor (gene repressor protein, transcriptional repressor)
Protein that binds to a specific region of DNA to prevent
transcription of an adjacent gene.

respiration
General term for an energy-generating process in cells that
involves the oxidative breakdown of sugars or other organic
molecules and requires the uptake of Op while producing
CO; and Ha0 as waste products. {Figure 2-41)

respiratory chain—see electron transport chain

respiratory enzyme complex
Any of the major protein complexes of the mitochondrial
respiratory chain that acr as electron-driven proton pumnps
to generate the proton gradient across the inner membrane.
(Figures 14-14 and 14-26)

resting membrane potential
Membrane potential in equilibrium conditions in which
there is no net flow of ions across the plasma membrane. See
also membrane potential.,

restriction fragment
Fragment of DNA generated by the action of restriction

enzyme(s).

restriction map
Diagrammatic representation of a DNA molecule indicating
the sites of cleavage by various restriction enzymes.

restriction nuclease (restriction enzyme)
One of a large numhber of nucleases that can cleave a DNA
molecule at any site where a specific short sequence of
nucleotides occurs. Extensively used in recombinant DNA
technology. (Figures 8-31 and 8-32)

restriction point—see Start

restrictive (nonpermissive) conditions
Circumstances (such as temperature or nutrient availability)
in which the phenatypic effect of a conditional mutation will
be evident. (Figure 8-55, and Panel 8-1, pp. 534~555)

retinoblastoma protein (Rb}
Tumor suppressor protein invelved in the regulation of cell
division. Mutated in the cancer retinoblastoma, as well as in
many other tumors. Its normal activity is to regulate the
eucaryotic cell cycle by binding to and inhibiting the E2F
proteins, thus blocking progression to DNA replication and
cell division. (Figure 17-62)

retrotransposon
Type of transposable element that moves by being first tran-
scribed into an RNA copy that is then reconverted to DNA by
reverse transcriptase and inserted (‘retro-transposed’) else-
where in the genome. There are two types: retroviral-like
retrotransposons and nonretroviral retrotransposons. (Table
5-3, p. 318)

retrovirus
RNA-containing virus that replicates in a cell by first making
an RNA-DNA intermediate and then a double-stranded DNA
molecule that becomes integrated into the cell's DNA.
(Figure 5-71)

reverse genetics
Approach to discovering gene function that starts from the
DNA (gene) and its protein product and then creates
mutants to analyze the gene's function.
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reverse transcriptase
Enzyme first discovered in retroviruses that makes a double-
stranded DNA copy from a single-stranded RNA template
maolecule,

reverse transcription
Transcription frorn RNA to DNA. This is in the opposite direc-
tion to that prescribed by central dogma, which holds that DNA
is transcribed into RNA and RNA is translated into protein.

RGD sequence
Tripeptide sequence of arginine-glycine-aspartic acid that
forms a binding site for integrins; present in fibronectin and
some other extracellular proteins. (Figure 19-72C)

RGS—see regulator of G protein signaling

Rho (Rho protein family)
Family of monomeric GTPases within the Ras superfamily
involved in signaling the rearrangement of the cytoskeleton.
Includes Rho, Rac, and Cde42. (Table 15-5, p. 926)

rhodopsin
Seven-span membrane protein of the GPCR family that acts
as a light sensor in rod photoreceptor cells in the vertebrate
retina. Contains the light-sensitive prosthetic group retinol,
{(Figure 1549}

ribonuclease
Enzyme that cuts an RNA molecule by hydrolyzing one or
more of its phosphodiester bonds.

ribonucleic acid—see RNA

ribose
The five-carbon monosaccharide component of RNA.
CsH1005. Compare deoxyribose.

ribosomal RNA (rRNA)
Any one of a number of specific RNA molecules that form
part of the structure of a ribosome and participate in the syn-
thesis of proteins. Often distinguished by their sedimenta-
tion coefficient (e.g., 285 rRNA, 55 rRNA),

ribosome
Particle composed of rRNAs and ribosomal proteins that cat-
alyzes the synthesis of protein using information provided by
mRNA. (Figure 1-10)

ribozyme
RNA with catalytic activity.

RNA (ribonucleic acid)
Polymer formed from covalently linked ribonucleotide
monomers. See also messenger RNA, ribosomal RNA, trans-
fer RNA. (Table 6-1, p. 336, and Panel 2-6, pp. 116-117)

RNA editing
Type of RNA processing that alters the nucleotide sequence
of a pre-mRNA transcript after it is synthesized by inserting,
deleting, or altering individual nucleotides.

RNA interference (RNAi)

As originally described, mechanism by which an experi-
mentally introduced double-stranded RNA induces
sequence-specific destruction of complementary mRNAs.
The mechanism, which is highly conserved in eucaryotes,
praceeds through short double-stranded small interfering
RNAs (siRNAs) produced by endenucleolytic cleavage. The
term BNAI is often used broadly to also include the inhibi-
tion of gene expression by microRNAs (miRNAs), which are
encoded in the cells own genome. RNA interference is
widely used experimentally to study the effects of inactivat-
ing specific genes. {Figure 7-115)

RNA polymerase
Enzyme that catalyzes the synthesis of an RNA molecule on
a DNA template from ribonucleoside triphosphate precur-
sors. (Figure 6-8}

RNA primer
Short stretch of RNA synthesized on a DNA template. It is
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required by DNA polymerases to start their DNA synthesis.

RNA processing
Broad term for the various modifications an RNA transcript
undergoes as it reaches its mature form. May include 5’ cap-
ping, 3’ polyadenylation, 3’ cleavage, splicing, and editing.

RNA splicing
Process in which intron sequences are excised from RNA
transcripts in the nucleus during formation of messenger
and other RNAs.

rod photoreceptor (rod) . .
Photoreceptor cell in the vertebrate retina that is responsible
for noncolor vision in dim light. (Figure 23-17)

rough endoplasmic reticulum (rough ER)
Endoplasmic reticulum with ribosomes on its cytosalic sur-
face. Involved in the synthesis of secreted and membrane-
bound proteins.

rRNA—seeribosomal RNA

rRNA gene
Gene that specifies a ribosomal RNA (RNA).

RTK—see receptor tyrosine kinase

RT-PCR (reverse transcription-polymerase chain reaction)
Technique in which a population of mRNAs is converted into
cDNAs via 1everse transcription, and the cDNAs are then
amplified by PCR.

§—see S phase

saccharide
Sugar.

Saccharomyces
Genus of yeasts that reproduce asexually by budding or sex-
ually by conjugation. Economically important in brewing
and baking. Saccharomyces cerevisiaeis widely used as a sim-
ple model organism in the study of eucaryotic cell biology.
See aiso Schizosaccharomyces.

sarcoma
Cancer of connective tissue.

sarcomere
Repeating unit of a myofibril in a muscle cell, composed of
an array of overlapping thick (tnyosin) and thin (actin) fila-
ments between two adjacent Z discs. (Figure 16-74)

sarcoplasmic reticulum
Specialized type of endoplasmic reticulum in the cytoplasm
of muscle cells that contains high concentrations of
sequestered Ca?* that is released into the cytosol during
muscle excitation. (Figure 16-77}

satellite DNA
Region of highly repetitive DNA from a eucaryotic chromo-
some, identifiable by its unusual nucleotide composition.
Typically present at centromeres (as well as other sites) in
higher eucaryotes, and thought to play a part in centrormere
function. (Figure 4-49)

scaffold protein
Protein that binds groups of intracelluar signaling proteins
into a signaling complex, often anchoring the complex at a
specific location in the cell. (Figure 15-17)

scanning electren microscope
Type of electron microscope that praduces an image of the
surface of an object.

§-Cdk
Cyclin-Cdk complex formed in vertebrate cells by an S-cyclin
and the corresponding cyclin-dependent kinase (Cdk).
{Figure 17-16 and Table 17-1, p. 1063)

§. cerevisine—see Saccharomyces

Schizosaccharomyces
Genus of rod-shaped yeasts that repreduce by binary fission.
5. pombe, along with the budding yeast Saccharomyces cere-
visiae, is a model] organism used in many different studies.

SCF (SCF protein)
Family of ubiquitin ligases formed as a complex of several
different proteins. One is involved in regulating the eucary-
otic cell cycle, directing the destruction of inhibitors of S-
Cdks in late Gy and thus promoting the activation of S-Cdks
and DNA replication. (Figures 3-79 and 17-20)

Schwann cell
Glial cell responsible for forming myelin sheaths in the
peripheral nervous system. Compare oligodendrocyte.
(Figure 11-32)

S-cyclin
Member of a class of cyclins that accumulate during late G;
phase and bind Cdks soon after progression through Start;
they help stimulate DNA replication and chromosome dupli-
cation. Levels remain high until late mitosis, after which
these cyclins are destroyed. (Figure 17-16}

SDS-PAGE {sodium dodecyl sulfate—polyacrylamide gel

electrophoresis}
Type of electrophoresis used to separate proteins by size. The
protein mixture to be separated is first treated with a power-
ful negatively charged detergent (SDS) and with a reducing
agent (B mercaptoethanol), before being run through a poly-
acrylamide gel. The detergent and reducing agent unfold the
proteins, free them from association with other molecules,
and separate the polypeptide subunits. See also elec-
trophoresis.

secondary cell wall
Permanent rigid cell wall that is laid down underneath the
thin primary cell wall in certain plant cells that have com-
pleted their growth. (Figure 19-77C)

secondary immune response
Adaptive immune response to an antigen that is made on a
second or subsequent encounter with a given antigen. More
rapid in onset and sironger than the primary immune
response. (Figure 25-10)

secondary structure
Regular local folding pattern of a polymeric molecule; in pro-
teins, a-helices and B-sheets.

second messenger (small intracellular mediator)}
Small intracellular signaling molecule that i{s formed or
released for action in response to an extracellular signal and
helps to relay the signal within the cell. Examples include
cyclic AMP, cyclic GMP, IP3, Ca?*, and diacylglycerol. (Figure
15-17)

secretory vesicle
Membrane-bounded organelle in which molecules destined
for secretion are stored prior to release. Sometimes called
secretory granule because darkly staining contents make the
organelle visible as a small solid object. (Figures 13-63 and
13-686)

securin
Protein that binds to the protease separase and thereby pre-
vents its cleavage of the protein linkages that hold sister
chromatids together in early mitosis. Securin is destroyed at
the metaphase-to-anaphase transition. (Figure 17-44)

seed
In plants, the structure containing the dormant embryo,
along with a food store, enclosed in a hard protective coat.
{(Panel 22-1, p. 1401}

segment-polarity gene
In Drosophila development, a gene involved in specifying
the anteroposterior organization of each body segment.
{Figures 22-37 and 22-41)
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selectable marker gene
Gene included in a DNA construct to signal presence of that
construct in a cell, and making it possible to select cells
according to whether they contain the construct.

selectin
Member of a family of cell-surface carbohydrate-binding
proteins that mediate transient, Ca®*-dependent cell—cell
adhesion in the bloodstream—for example between white
blood cells and the endothelium of the blood vessel wall.
(Figure 19-19)

selectivity filter
The part of an ion channel structure that determines which
ions it can transport. (Figures 11-23 and 11-24)

senescence
(1) aging of an organism. {2} replicative cell senescence: phe-
nomenon observed in primary cell cultures in which cell pro-
liferation slows down and finally halts irreversibly.

sensory hair cell—see auditory halr cell

separase
Protease that cleaves the cohesin protein linkages that hold
sister chromatids together. Acts at anaphase, enabling chro-
matid separation and segregation. (Figure 17-44)

septate junction
Main type of occluding cell junction in invertebrates; its
structure is distinct from that of vertebrate tight junctions.
(Figure 19-28)

sequencing
Determination of the order of nucleotides or amino acids in
a nucleic acid or protein molecule. (Figure 8-50}

serine protease
Type of protease that has a reactive serine in the active site.
(Figures 3-12 and 3-38)

serine/threonine kinase
Enzyme that phosphorylates specific proteins on serine or
threonines. (Figure 15-70)

sex chromosome
Chromosome that may be present or absent, or present in a
variable number of copies, determining the sex of the indi-
vidual; in mammals, the X and Y chromosomes.

SH2 domain
Src homology region 2, a protein domain present in many
signaling proteins. Binds a short amino acid sequence con-
taining a phosphotyrosine. (Panel 3-2, pp. 132-133)

B-sheet—see heta sheet

side chain
The part of an amino acid that differs between amino acid
types. The side chains give each type of amino acid its
unique physical and chemical properties. (Panel 3-1, pp.
128-129)

signaling cascade
Sequence of linked intracellular reactions, typically involving
multiple amplification steps in a relay chain, triggered by an
activated cell-surface receptor.

signal molecule
Extracellular chemical produced by a cell that signals to
other cells in the organism to alter the cells’ behavior, (Figure
15-1)

signal patch
Protein-sorting signal that consists of a specific three-
dimensional arrangement of atoms on the folded protein’s
surface. (Figure 13-45)

signal peptidase
Enzyme that removes a terminal signal sequence from a pro-
tein once the sorting process is complete. (Figure 12-25)
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signal-recognition particle (SRP)
Ribonuclecprotein particle that binds an ER signal sequence
on a partially synthesized polypeptide chain and directs the
polypeptide and its attached ribosome to the endoplasmic
reticulum. (Figure 12-39)

signal-relaying junction
Complex type of cell-cell junction that alows signals to be
relayed from one cell to another across their plasma mem-
branes at sites of cell-to-celt contact. Typically includes
anchorage proteins as well as proteins mediating signal
transduction. (Figure 19-2, and Table 19-1, p. 1133)

signal sequence
Short continuous sequence of amino acids that determines
the eventual location of a protein in the cell. An example is
the N-terminal sequence of 20 or so amino acids that directs
nascent secretory and transmembrane proteins to the endo-
plasmic reticulun. (Table 12-3, p. 702}

signal transduction
Conversion of a signal from one physical or chemical form to
anather (e.g., conversion of light to a chemical signal or of
extracellular signals to intracellular onesj.

single-nucleotide polymorphism (SNP}
Variation between individuals in a population at a specilic
nucleotide in their DNA sequence.

single-pass transmembrane protein
Membrane protein in which the polypeptide chain crosses
the lipid bilayer only once. (Figure 10-13)

single-strand DNA-binding protein
Protein that binds to the single strands of the opened-up
DNA double helix, preventing helical structures from
reforming while the DNA is being replicated. (Figure 5-16)

siRNA—see small interfering RNA

sister chromatids
Tightly linked pair of chromosomes that arise from chromo-
some duplication during § phase. They separate during M
phase and segregate into different daughter cells. (Figure
17-26)

site-directed mutagenesis
Technique by which a mutation can be made at a particular
site in DNA. (Figure §-63)

site-specific recombination
Type of recombination that occurs at specific DNA
sequences and is carried ourt by specific proteins that recog-
nize these sequences. Can occur between two different DNA
molecules ar within a single DNA molecule.

skeletal muscle cell—see muscle cell

sliding clamp
Protein complex that holds the DNA polymerase on DNA
during DNA replication. (Figure 5-18}

Smad protein
Latent gene regulatory protein that is phosphorylated and
activated by receptor serine/threonine kinases and carries
the signal from the cell surface to the nucleus. (Figure
15-69)

small interfering RNA (siRNA)
Short {21-26 nucleotides) double-stranded RNAs that inhibit
gene expression by directing destruction of complementary
mRNAs. Production of sikNAs is triggered by exogenously
introduced double-stranded RNA. (Figure 7-115)

small intracellular mediator—see second messenger

small nuclear ribonucleoprotein (snBRNP}
Complex of an snRNA with proteins that forms part of a
spliceosome. (Figure 6-29)

small nuclear RNA (snRNA)
Srmall RNA molecules that are complexed with proteins to
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form the ribonucleoprotein particles (snRNPs) involved in
RNA splicing. (Figures 6-29 and 6-30)

small nucleolar RNA (snoRNA)
Small RNAs found in the nucleolus, with various functions,
including guiding the modifications of precursor rRNA.
(Table 6-1, p. 336, and Figure 6-43}

smooth endoplasmic reticulum (smooth ER)
Region of the endoplasmic reticulum not associated with
ribosomes. Involved in lipid synthesis, {Figure 12-36)

smooth muscle cell—see muscle cell

SNARE
Member of a large family of transmembrane proteins present
in organelle membranes and the vesicles derived from them.
SNAREs catalyze the many membrane fusion events in cells.
They exist in pairs—a v-SNARE in the vesicle membrane that
binds specifically 1o a complementary t-SNARE in the target
membrane.

SNP—see single-nucleotide polymorphism
SNRNA—see small nuclear RNA

solute
Any molecule that is dissolved in a liquid. The liguid is called
a solvent.

somatic cell
Any cell of a plant or animal other than ¢ells of the germ line.
From Greek soma, body.

somatic hypermutation
Accumulation of point mutations in the assembled variable-
region-coding sequences of immunoglobulin genes that
occurs when B cells are activated to form memory cells,
Results in the production of antibodies with altered antigen-
binding sites.

somite
One of a series of paired blocks of mesoderm that form dur-
ing early development and lie on either side of the notochord
in a vertebrate embryo. They give rise to the segments of the
body axis, including the vertebrae, muscles, and associated
connective tissue. (Figure 22-81)

sorting signal
Amino acid sequence that directs the delivery of a protein to
a specific location, such as a particular intracellular com-
partment.

Southern blotting
Technique in which DNA fragments separated by elec-
trophoresis are imrnobilized on a paper sheet. Specitic frag-
ments are then detected with a labeled nucleic acid probe.
{Named after E.M. Southern, inventor of the technique.)

spectrin
Abundant protein associated with the cytosolic side of the
plasma membrane in red blood cells, forming a network that
supports the membrane. Also present in other cells. (Figure
1041)

Spemann’s Organizer—see Organizer

sperm (spermatozoon, plural spermatazoa)
Mature male gamete in animals. Motile and usually small
compared with the egg. (Figure 21-27)

spermatogenesis
Development of sperm in the testes. (Figure 21-30)

S phase
Period of a eucaryotic cell cycle in which DINA is synthesized.
(Figure 17-4)

sphingolipid
Phospholipid derived from sphingosine. (Figure 10-3)

spindle assembly checkpoint (metaphase-to-anaphase
transition checkpoint)
Checkpoint that operates during mitosis to ensure that all
chromosomes are properly attached to the spindle before
sister-chromatid separation starts. (Figure 17-14, and Panel
17-1, pp. 1072-1073)

spliceosome
Large assembly of RNA and protein molecules that performs
pre-mRNA splicing in eucaryotic cells, (Figures 6-29 and 6-30)

splicing
Removal of introns from a pre-mRNA transcript by splicing
together the exons that lie on either side of each intron. See
also alternative RNA splicing, and trans-splicing.

8. pombe—see Schizesaccharomyces

Src (Src protein family)

Family of cytoplasmic tyrosine kinases (pronounced “sark”)
that associate with the cytoplasmic domains of some
enzyme-linked cell-surface receptors (for example, the T cell
antigen receptor) that lack intrinsic tyrosine kinase activity.
They transmit a signal onwards by phosphorylating the
receptor itself and specific intracellular signaling proteins on
tyrosines. (Figures 3-10 and 15-70)

SRP—see signal-recognition particle

standard free-energy change (AG”)
Free-energy change of two reacting molecules at standard
temperature and pressure when all componetits are present
at a concentration of 1 mole per liter. {Table 24, p. 77, and
Figure 14-18)

starch
Polysaccharide composed exclusively of glucose units, used
as an energy storage material in plant cells. (Figure 2-75)

Start {Start checkpoint, restriction point)
Important checkpoint at the end of G, in the eucaryotic cell
cycle, Passage through Start commits the cell to enter
phase. The term was originally used for this checkpoint in
the yeast cell cycle only; the equivalent peoint in the mam-
malian cell cycle was called the restriction point. In this book
we use Start for both. (Figure 17-14)

start-transfer signal
Short amino acid sequence that enables a palypeptide chain
to start being translocated across the endoplasmic reticulum
membrane through a protein translocator. Multipass mem-
brane proteins have both N-terminal (signal sequence) and
internal start-transfer signals. (Figures 12-45-12-48)

STAT (signal transducer and activator of transcription)
Latent gene regulatory protein that is activated by phospho-
rylation by JAK kinases and enters the nucleus in response to
signaling from receptors of the cytokine receptor family.
{Figure 15-68)

stem cell
Undifferentiated cell that can continue dividing indefinitely,
throwing off daughter cells that can either commit to differ-
entiation or remain a stem cell (in the process of self-
renewal), (Figure 23-5)

stern-cell niche
The specialized microenvironment in a tissue in which self-
renewing stem cells can be maintained. (Figure 23-27}

stereocilium
Alarge, rigid microvillus found in “organ pipe” arrays on the
apical surface of hair cells in the ear. A stereocilium contains
a bundle of actin filaments, rather than microtubules, and is
thus not a true cilium. {Figures 23-13 and 23-15)

steroid
Hydrophobic lipid molecule with a characteristic four-
ringed structure; derived from cholesterol. Many important
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hormones, including cortisol, estrogen, and testosterone, are
steroids that activate intracellular nuclear receptors. (Panel
2-5, pp. 114115}

stimulatory G protein (G}
G protein that, when activated, activates the enzyme adeny-
Iyt cyclase and thus stimulates the production of cyclic AMP.
(See also G protein, and Table 15-3, p. 919.}

stochastic
Random. Involving chance, probability, or random variables.

stop-transfer signal
Hydrophobic amino acid sequence that halts translocation
of a polypeptide chain through the endoplasmic reticulum
membrane, thus anchoring the protein chain in the mem-
brane. (Figure 12-48 and 12-49)

striated muscle
Muscle composed of transversely striped (striated) myofib-
rils. Skeletal and heart muscle of vertebrates are examples.
{(Figure 16-74)

stroma
{1} '‘Bedding’: the connective tissue in which a glandular or
other epithelium is embedded. Stromal cells provide the
environment necessary for the development of other cells
within the tissue. (Figure 20-19} (2) The large interior space
of a chloroplast, containing enzymes that incorporate CO;
into sugars. (Figure 12-21)

structural gene
Region of DNA that codes for a protein or for an RNA mole-
cule that forms part of a structure or has an enzymatic func-
tion. Distinguished from regions of DNA that regulate gene
expression,

substrate
Molecule on which an enzyme acts.

substratum
Solid surface to which a cell adheres.

sucrose
Disaccharide composed of one glucose unit and one fruc-
tose unit. The major form in which glucose is transported
between plant cells. (Panel 2-4, pp.112-113)

sugar
Small carbohydrate with a monomer unit of general formula
(CH20} n. Examples are the monosaccharides glucose, fruc-
tose and mannose, and the disaccharide sucrose (glucose
and fructose linked). (Panel 24, pp.112-113)

sulfhydryl (thiol, -SH)
Chemical group containing sulfur and hydrogen; found in
the amino acid cysieine and other molecules. Two
sulfhydryls can join to produce a disulfide bond. (Panel 2-1,
pp. 106-107, and Figure 3-28)

suppressor mutation
Mutation that suppresses the phenotypic effect of another
mutation, $o that the double mutant individual seems nor-
mal. {Panel 8-1, pp. 554-555)

surface plasmon resonance (SPR)

Technique used to characterize malecular interactions, such
as antibody-antigen binding, ligand-receptor coupling, and
the binding of proteins to DNA. Binding interactions are
detected by monitoring the reflection of a beam of light off
the interface between an aqueaus solution of potential bind-
ing molecules and a biosensor surface carrying the immobi-
lized bait protein.

survival factor
Extraceliular signal that promotes cell survival by inhibiting
apoptosis. (Figure 18-14)

symbiosis
Intimate association between twe organisms of different
species from which both derive a long-term selective advan-
tage. (Figure 1-16)
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symporter
Carrier protein that transports two types of solute across the
membrane in the same direction, {Figure 11-8)

synapse
Communicating cell-cell junction that allows signals to pass
from a nerve cell to another cell. In a chemical synapse, the
signal is carried by a diffusible neurotransmitter, (Figure
19-22) In an electrical svnapse, a direct connection is made
between the cytoplasms of the two cells via gap junctions.
{Figure 19-34)

synapsis
{1} In genetic recombination, the initial formation of base
pairs between complementary DNA strands in different DNA
molecules that occurs at sites of crossing-over between chro-
mosomes. (Figure 5-56) (2) In meiosis, the formation of a
synaptonemal complex between two tightly aligned homol-
ogous chromosomes. (Figure 21-9}

synaptic vesicle
Small neurotransmitter-filled secretory vesicle found at the
axon terminals of nerve cells, Its contents are released into
the synaptic cleft by exocytosis when an action petential
reaches the axon terminal.

synaptonemal complex
Structure that holds paired homalogous chromoesomes
tightly together in pachytene of prophase I in meiosis and
promotes the final steps of crossing over. {Figures 21-8 and
21-9)

syncytium
Mass of cytoplasm containing many nuclei enclosed by a
single plasma membrane. Typically the result either of cell
fusion or of a series of incomplete division cycles in which
the nuclei divide but the cell does not.

synteny
The presence, in different species, of regions of chromo-
somes with the same genes in the same order.

synthetic lethality
An interaction between two mutant genes in which the two
mutant genes together result in cell death, whereas either
single mutation alone does not.

tap-tagging (tandem affinity purification tagging)
Highly efficient method for protein purification, based on
construction of a fusion protein in which the protein of
interest is linked to twe protein domains in tandem that act
as tags for affinity chromatography purification, Two rounds
of affinity purification, first using one tag and then the other,
result in a very pure preparation.

TATA box
Sequence in the promoter region of many eucaryotic genes
that binds a general transcription factor and hence specifies
the position at which transcription is initiated. (Figures 6-16
and 6-17)

TCA (tricarboxylic acid) cycle—see citric acid cycle

T cell (T lymphocyte)
‘Type of lymphocyte responsible for T-cell-mediated adaptive
immune responses; the class includes cytotoxic T cells,
helper T cells, and regulatory T cells,

T-cell-mediated immune response
Any adaptive immune response mediated by antigen-spe-
cific T cells.

telomerase
Enzyme that elongates telomere sequences in DNA, which
occur at the ends of eucaryotic chromasomes.

telomere
End of a chromosome, associated with a characteristic DNA
sequence that is replicated in a special way. Counteracts the
tendency of the chromosome otherwise to shorten with each
round of replication. From Greek telos, end.
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telophase
Final stage of mitosis in which the two sets of separated
chromosomes decondense and become enclosed by nuclear
envelopes. (Panel 17-1, pp. 1072-1073)

temperature-sensitive (ts) mutant
Organism or cell carrying a mutation that shows its pheno-
typic effect in one lemperature range (usually high tempera-
ture) but not at other (usually low) temperarures. (Panel 8-1,
pp. 554-555, and Figure 8-55)

template
Single strand of DNA or RNA whose nucleotide sequence
acts as a guide for the synthesis of a complementary strand.
(Figure 1-3)

terminator
Signal in bacterial DNA that halts transcription.

tertiary structure
Complex three-dimensional form of a folded polymer chain,
especially a protein or RNA molecule.

TGFp superfamily (transforming growth factor-p superfamily)
Large family of structurally related secreted proteins that act
as hormones and local mediators to control a wide range of
functions in animals, including during development. It
includes the TGFJ/activin and bone morphogenetic protein
(BMP) subfamilies. (Figure 15-69)

TGN—see trans Golgi network

thioester bond
High-energy bond formed by a condensation reaction
between an acid (acyl) group and a thiol group (-SH). Seen,
for example, in acetyl CoA and in many enzyme-substrate
complexes, (Figure 2-62)

thiol—see sulfhydryl

thylakoid
Flattened sac of membrane in a chloroplast that contains
chlorophyll and other pigments and carries out the light-
trapping reactions of photosynthesis. Stacks of thylakoids
form the grana of chloroplasts. (Figures 14-35 and 14-36)

tight junction
Cell-cell junction that seals adjacent epithelial cells together,
preventing the passage of most dissolved molecules from
one side of the epithelial sheet to the other. (Figures 19-3 and
19-26)

TIM complexes
Protein translocators in the mitochondrial inner membrane.
The TIM23 complex mediates the transport of proteins into
the matrix and the insertion of some proteins into the inner
membrane; the TIM22 complex mediates the insertion of a
subgroup of proteins into the inner membrane. {Figure
12-23)

T lymphocyte—see T cell

Toll-like receptor family (TLR)
Important family of mammalian pattern recognition recep-
tars abundant on or in cells of the innate immune system.
They recognize pathogen-asscciated immunostimulants
such as lipopolysacharide and peptidoglycan. (Figure 24-51)

TOM camplex
Multisubunit protein complex that transports proteins
across the mitochondrial outer membrane, (Figure 12-23)

topoisomerase {DNA topoisomerase)

Enzyme that binds to DNA and reversibly breaks a phospho-
diester bond in one or both strands. Topoisomerase I creates
transient single-strand breaks, allowing the double helix to
swivel and relieving superhelical tension. Topoisomerase 11
creates transient double-strand breaks, allowing one double
helix to pass through another and thus resclving tangles.
(Figures 5-22 and 5-23)

totipotent
Describes a cell that is able to give rise to all the different cell
types in an organism.

trans
On the other (far) side.

transcellular transport
Transport of solutes, such as nutrients, across an epithelium,
by means of membrane transport proteins in the apical and
basal faces of the epithelial cells. (Figure 11-11)

transcript
RNA product of DNA transcription. (Figure 6-21)

transcription (DNA transcription)
Copying of one strand of DNA into a complementary RNA
sequence by the enzyme RNA polymerase. (Figure 6-21)

transcriptional activator—see activator
transcriptional repressor—see repressor

transcription attenuation
Inhibition of gene expression by the premature termination
of transcription.

transcription factor
Term loosely applied to any protein required to initiate or
regulate transcription in eucaryotes. Includes gene regula-
tory proteins, the general transcription factors, coactivators,
co-repressors, histone-modifying enzymes, and chromatin
remodeling complexes. {(Figures 6~19 and 7-44)

transcytosis
Uptake of material at one face of a cell by endocytosis, its
transfer across a cell in vesicles, and discharge from another
face by exocytosis. (Figure 13-60)

transfection
Introduction of a foreign DNA molecule into a cell. Usually
followed by expression of one or more genes in the newly
introduced DNA.

transfer RNA (tRNA)
Set of small RNA molecules used in protein synthesis as an
interface (adaptor} between mRNA and amino acids. Bach
type of tRNA molecule is covalently linked to a particular
amino acid. (Figures 1-9 and 6-52}

transformation
(1) Insertion of new DNA (e.g., a plasmid) into a cell or organ-
ism, such as into competent E.coli. (2) Conversion of a nor-
mal cell into one that behaves in many ways like a cancer cell
(i.e., unregulated proliferation, anchorage-independent
growth in culture).

transforming growth factor-p superfamily—see TGER
superfamily

transgenic organism
Plant or animal that has stably incorporated one or more
genes from another cell or organism (through insertion,
deletion, and/or replacement) and can pass them on to suc-
cessive generations. The gene that has been added is called a
transgene. (Figures 8-64 and 8-65}

transit amplifying cell
Cell derived from a stem cell that divides a limited number of
cycles before terminally differentiating. (Figure 23-7)

transition state
Structure that forms transiently in the course of a chemical
reaction and has the highest free energy of any reaction
intermediate. Its formation is a rate-limiting step in the reac-
tion. (Figure 3-46)

translation (RNA translation)
Process by which the sequence of nucleotides in a mRNA
molecule directs the incorporation of amino acids into pro-
tein. Occurs on a ribosome. {Figures 6-66 and 6-67)
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translocation
(1) Type of mutation in which a portion of one chromosome is
broken off and attached to another. {(Panel 8-1 and Figure 20-5)
(2) The process of transferring a protein across a membrane.

transmembrane protein
Membrane protein that extends through the lipid bilayer, with
part of its mass on either side of the membrane. (Figure 10-19)

transmitter-gated ion channel (ion-channel-coupled receptor,

ionotropic receptor)
Ion channe] found at chemical synapses in the postsynaptic
plasma membranes of nerve and muscle cells. Opens only in
response to the binding of a specific extracellular neuro-
transmitier. The resulting inflow of jons leads to the genera-
tion of a local electrical signal in the postsynaptic cell.
(Figures 15-16 and 11-35)

transporter (carrier protein, permease)

Membrane transport protein that binds to a solute and
transports it across the membrane by undergoing a series of
conformational changes. Transporters can transport ions or
molecules passively down an electrochemical gradient or
can link the conformational changes to a source of metabolic
energy such as ATP hydrelysis to drive active transport.
Compare channel protein. See also membrane transport pro-
tein. (Figure 11-3)

transposable element (transposon)
Segment of DNA that can move from one genome position to
another by transposition. (Table 5-3, p. 318)

transposase
Enzyme that cuts a transposon sequence in a chromosome
and causes the DNA sequence to be inserted inte a new tar-
get site. The transposase is usually encoded by the transpo-
son that it acts upon. (Flgure 5-69)

transposition (transpositional recombination)
Movement of a DNA sequence from one genome site to
another, (Table 5-3, p. 318)

transposon— see transposable element

trans-splicing
Type of RNA splicing present in a few eucaryotic organisms
in which exons from two separate RNA transcripts are joined
together to form an mRNA. (Figure 6--34)

treadmilling
Process by which a polymeric protein filament is maintained
at constant length by addition of protein subunits at one end
and loss of subunits at the other. (Panel 16-2, pp. 978-979)

triacylglycerol {triglyceride)
Molecule composed of three fatty acids esterified to ghycerol.
The main constituent of fat droplets in animal tissues (where
the fatry acids are saturated) and of vegetable oils (where the
fatty acids are mainly unsaturated). (Panel 2-5, pp. 114-115)

tricarboxylic acid (TCA} cycle—see citric acid cycle

trimeric G protein (trimeric GTP-binding protein}—see
G protein

triglyceride—see triacylglycerol

tRNA—see transfer RNA

ts mutant—see temperature-sensitive mutant
t-SNARE—see SNARE

tubulin
The protein subunit of microtubules. (Panel 16-1, p. 968, and
Figure 16-11)

v-tubulin ring complex (yTuRC)—see gamma tubulin ring
complex

tumaor
Abnormal mass of cells resulting from a defect in cell-prolif-

G:39

eration control. A tumor can be noninvasive (benign) or
invasive (cancerous, malignant). (Figure 20-3)

tumor necrosis factor (TNFo)
Cytokine that is especially important in inducing inflamma-
tory responses. (Figure 15-79)

tumor progression
Process by which an initial mildly disordered ceil behavior
gradually evolves into a full-blown cancer. (Figures 20-9 and
20-11)

tumor SUppressor gene
Gene that appears to help prevent formation of a cancer,
Loss-of-function mutations in such genes favor the develap-
ment of cancer. {Figure 20-27)

tumor virus
Virus that can make the cell it infects cancerous.

turgor pressure
Large hydrostatic pressure developed inside a plant cell as
the result of the intake of water by osmosis; it is the force
driving cell expansion in plant growth and it maintains the
rigidity of plant stermns and leaves. (Panel 11-1, p. 664)

two-hybrid system—see yeast two-hybrid system

type Il secretion system
Bacterial system for delivering toxic proteins into the cells of
their host. (Figure 24-8}

tyrosine kinase
Enzyme that phosphorylates specific proteins on tyrosines.
See also cytoplasmic tyrosine kinase. (Figure 15-70)
ubiquitin
Small, highly conserved protein present in all eucaryotic
cells that becomes covalently attached to lysines of ather
proteins. Attachment of a short chain of ubiquitins to such a
lysine can tag a protein for intracellular proteolytic destruc-
tion by a proteasome. (Figure 6-92)

ubiquitin ligase
Any one of a large number of enzymes that attach ubiquitin
to a protein, often marking it for destruction in a protea-
some. The process catalyzed by a ubiquitin ligase is called
ubiquitylation. (Figure 3-79)

unfaolded protein response
Cellular response triggered by an accumulation of misfolded
proteins in the endoplasmic reticulum. Involves increased
transcription of ER chaperones and degradative enzymes.
(Figure 12-55)

uniporter
Carrier protein that transports a single solute from one side
of the membrane to the other. (Figure 11-8)

UTR (untranslated region)
Noncoding region of an mRNA molecule. The 3" UTR extends
from the stap codon that terminates protein synthesis to the
start of the poly-A tail. {Figure 7-105) The 5’ UTR extends from
the 5’ cap to the start codon that initiates protein synthesis,

Virax
Maximum rate of an enzymaltic reaction. {Figure 3-45 and
Panel 3-3, pp. 162-163}

vacuole
Very large fluid-filled vesicle found in most plant and fungal
cells, typically occupying more than a third of the cell vol-
ume. (Figure 13-39)

valence
Number of electrons that an atom must gain or lose {either
by sharing or by transfer) to fill its outer shell. The valence of
an atom is equal to the number of single bonds that the atom
can form.

van der Waals attraction
Type of (individually weak) noncovalent bond that is formed
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at close range between nonpolar atoms. (Table 2-1, p. 53 and
Panel 2-3, pp. 110-111)

variable region
Region of an immunoglobulin light or heavy chain that dif-
fers from molecule to molecule and forms the antigen-bind-
ing site. (Figures 25-30 and 25-31)

vascular endothelial growth factor (VEGF)
Secreted protein that stimulates the growth of blood vessels.
(Table 15-4, p. 923, and Figure 23-35)

V(D}J recombination
Somatic recombination process by which gene segments are
brought together to form a functional gene for a polypeptide
chain of an immunoglobulin or T cell receptor. (Figures
25-36, 25-37, and 25-38}

vector
In cell biology, the DNA of an agent (virus or plasmid) used
to transmit genetic material to a cell or arganism. See also
cloning vector, expression vector. (Figure 8-39)

vegetal pole .
The end at which most of the yolk is located in an animal egg.
The end opposite the animal pole. (Figure 22-G8)

VEGF— see vascular endothelial growth factor

vesicle
Small, membrane-bounded, organelle in the cytoplasm of a
eucaryotic cell; often spherical. (Figure 11-35)

vesicular transport
Transpart of proteins from one cell compartment to another
by means of membrane-bounded intermediaries such as
vesicles or organelle fragments.

V gene segment
Gene segment encoding most of the variable region of an
immunoglobulin or T cell receptor polypeptide chain.

viral envelope
Phaspholipid bilayer, derived from host-cell plasma mem-
brane, covering an enveloped virus. Encloses the nucleacap-
sid. (Figure 24-15)

virion
A single virus particle. (Figure 24-13)

virtlence gene
Gene that contributes to an organism’s ability to cause dis-
ease.

virus
Particle consisting of nucleic acid (RNA or DNA) enclosed in
a protein coat and capable of replicating within a host cell
and spreading from cell to cell. (Figure 24-13)

voltage-gated cation channel
Type of ion channel found in the membranes of electrically
excitable cells (such as nerve, endocrine, egg, and muscle
cells). Opens in response to a shift in membrane potential
past a threshold value.

v-SNARE—see SNARE

Weel
Protein kinase that inhibits Cdk activity by phosphorylating
amino acids in the Cdk active site. Important in regulating
entry into M phase of the cell cycle.

Western blotting (immunoblotting)
Technique by which proteins are separated by electrophore-
sis and immobilized on a paper sheet and then analyzed,
usually by means of a labeled antibody.

white blood cell (leucocyte)
General name for all the nucleated blood cells lacking hemo-
globin. Includes lymphocytes, granulocytes, and monocytes.

wild-type
Normal, nonmutant form of an organism; the form found in
nature (in the wild).

Wnt (Wnt protein)
Member of a family of secreted signal proteins that have
many different roles in controlling cell differentiation, prolif-
eration, and gene expression in animal embryos and adult
tissues.

Wnt signaling pathway

Signaling pathway activated by binding of a Wnt protein to
its cell-surface receptors. The pathway has several branches.
In the major (canonical) branch, activation causes increased
amounts of B-catenin to enter the nucleus, where it regulates
the transcription of genes controlling cell differentiation and
proiferation. Overactivation of the Wnt/$-catenin pathway
can lead to cancer. (Figure 15-77)

X chromosome
One of the two sex chromosomes of mammals. The cells of
women contain two X chromosomes, while those of men
contain only one.

Xenopus laevis (South African clawed toad)
Species of frog (not toad) frequently used in studies of early
vertebrate development.

XIC—see X-inactivation center

X-inactivation
Inactivation of one copy of the X chromosome in the somatic
cells of fernale mammals.

X-inactivation center {XIC)
Site in an X chromosome at which inactivation is initiated
and spreads outwards.

X-ray crystallography (X-ray diffraction)
Technique for determining the three-dimensional arrange-
ment of atoms in a molecule based on the diffraction pattern
of X-rays passing through a crystal of the molecule. {Figure
8-28)

Y chromosome
One of the two sex chromosomes of mamimals. The cells of
men contain one Y and one X chromosome.

yeast
Common name for several families of unicellular fungi.
Includes species used for brewing and bread-making, as well
as pathogenic species. Among the simplest of eucaryotes.

yeast two-hybrid system
Molecular genetic technique for identifying protein-protein
and protein-DNA interactions. (Figure 8-24)

yolk
Nutritional reserves rich in lipids, proteins and polysaccha-
rides, present in the eggs of many animals.

Z disc (Z line)
Platelike region of a muscle sarcomere to which the plus
ends of actin filaments are attached, Seen as a dark trans-
verse line in micrographs.

zinc finger
DNA-binding structural motif present in many gene regula-
tory proteins. All zine finger motifs incorporate one or more
zinc atoms that help hold the protein conformation together.

zona pellucida
Glycoprotein layer on the surface of the unfertilized egg. It is
often a barrier to fertilization across species. (Figure 21-22)

zonula adherens—see adhesion belt

Zygote
Diploid cell produced by fusion of a male and female
gamete. A fertilized egg.
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A

ABC transporter(s), 20F, 660, 663-667
antigen presentation, 1582
ATP binding, 665
auxiliary transport, 666F
bacterial vs. eucaryotic, 665F
molecular design, 660F
multidrug resistance protein, 665-666
Abi gene, in chronic myelogenous leukemia, 1261,
1261F
Abortive transcription initiation, 337F
Absorptive (brush-border) cells, 1437, 1437F, 1438F
Acanthamoeba castelfanii, myosin, 1013
Accessory receptor, T cells, 1580
Ac-Ds elements, 318T
Acetylation, histones, 223F, 290
Acetylcholine {ACh)
blood vessels nitric oxide, 888
concentration in synaptic cleft, 882
different effects on different cells, 885, 885F
neurotransmitter function, 684, 808
receptors see Acetylcholine receptors (AChRs)
structure, 885F
Acetylcholine receptors (AChRs), 1394
conformational changes, 685F
history, 684
mode of action, 685
muscarinic, 916
neuromuscular junction, 684-686, 687F
basal lamina and, 1168
sequential activation, 687-688
nicotinic, 916
resting potential, 685
selectivity, 685
structural model, 686F
structure, 685
as transmitter-gated channels, 684-686
Acetyl CoA (Acetyl Coenzyme A}, 84T, 96-97
energy storage, 96
fatty acid oxidation, 97F
mitochondrial production, 96, 97F, 817
see also Citric acid cycle
structure, 83F
N-Acetylneuraminic acid, 628F, 774F, 775F
Achaete gene, 1356
Acidf(s), 52-53, 109F
measurement see pH
secretion, stomach, 1436
in water, 53F
Acid anhydrides, 107F
Acid hydrolase receptors, retromers, 755
Acid hydrolases, lysosomes, 779-780
Aconitase, 122F
Acquired immunodeficiency syndrome (AIDS), 1581
see also HIV
Acquired immunological tolerance, 1547
see also Immunological tolerance
Acrosomal vesicle, 1293
Acrosome reaction, 1297, 1298, 1299F
ACTH (adrenocorticotrophic hormone), 803F, 907T
Actin/actin filaments, 611F, 965F
accessory proteins see Actin-binding protein(s)
anchoring junction attachment, 1133T, 1134,

adherens junctions and cell motility, 1142
integrin attachment, 1170, 1170F
via catenins, 1142, 1142F

arrays, 1006

assembly see Actin polymerization

axon structure, 1048

bacterial homolog, 990, $90F
capping, 1003, 1003F
cell cortex, 1036F, 1037
contractile ring (cytokinesis), 966, 1093-1094
RhoA and, 1095, 1095F
depolymerization, 1001
cofilin see Cofilin (actin depolymerizing factor)
D-farm {ADP-bound}, 980
drugs affecting, 987, 988T
dynamic behavior, 966, 1037
elengation, modification by proteins, 999-1000
ERM protein regulation, 1009
evolutionary conservation, 582-983
growth rate of plus/minus ends, 976
induction/assembly, pathogen-induced,
1515-1516, 1515F
nucleation mechanism, 1516F
see also Actin polymerization
isoforms, 982-983
minus end, tropomaodulin, 1003
muscle contraction, 1026-1028
neuronal growth cones, 1387F
nucleation see Actin polymerization
nucleotide-binding site, 974, 974F
organization, Rac, Rho and Cdc42 effects,
1042-1043, 1042F, 1043F
plant cell wall deposition, 1202
plus end
capping protein, 1003
myosin movement, 1013
polymerization see Actin polymerization
properties, 965
Saccharomyces cerevisige, 969-970
structure, 145F, 968, 968F, 975
subunits, 971
T-form (ATP-bound), 980
treadmilling, 976-980, 977F, 977FF, 979, 979F
yeast actin patches, 969, 970F
Actin-based motor proteins, 1011-1014
see also Myosin
Actin-binding protein(s), 983F, 994F, 1006-1008
cross-linking, 1006-1007, 1007F
bundling, 1006-1007, 1007F
web/gei-forming, 1006, 1008-1009, 1009F
filament dynamics and, 1002-1003, 1002F
filament elongation and, 999-1000, $99F, 1000F
severing proteins, 1000
Actin cables, in yeast, 969-970, 970F
Actin depolymerization factor see Cofilin (actin
depolymerizing factor)
o-Actinin, actin filament packing, 994F, 1007, 1007F
Actin-linked cell-matrix adhesion, 11337, 1134,
1135T
Actinomycin, 385T
Actin polymerization
bacterial intracellular movement, 1515-1516,
1515F, 1516F
bacterial invasion process, 1508, 1509F
nucleation, 973F
ARP complex role, 997F
lamellipodia, 996
pathogen-induced mechanism, 1516, 1516F
at plasma membrane, 996-998
protrusion model of cell movernent,
1037-1038, 1039F
regulation, 996-998
nucleotide hydrolysis, 974, 976
plasma membrane protrusion, 1037-1038,
1039F
pushing force, 1039
rate, 973, 973F

subunits, 971
time course, 978F
Actin-related proteir: (ARP), 994F, 997, 1022
Actin-rich cortex, 1036F, 1037
Action potential(s), 679FF
definition, 676
initiation, 689
postsynaptic potential, 689F
propagation, 677, 677F
saltatory conduction, 680
recording, 679F
schematic, 676F
squid giant axon experiments, 678, 679, 679F
valtage clamping, 679, 679F
Activated carriers in metabolism, 79-86, 84T
formation, 78-79
glycolysis, 92F
see also Glycolysis
reaction coupling, 79-8082-83, 824-825
see also specific carriers
Activation energy, 72, 73F
lowering by enzymes, 73F, 160, 160F
lysozyme, 165-166
Activation-induced deaminase {AID), 1567F, 1568
Active site, 72-73, 74F
lysozyme, 164F, 165F, 166
role in catalysis, 166
see also Enzyme catalysis
serine proteases, 154, 155F
spliceosomes, 352
Active transport, 653-667, 654F, 822, §23F
antibiotic resistance and, 1522, 1523F
antiporters see Antiporters
ion gradient driven, 656-657
primary vs. secondary, 656
symporters, 656, 656F, 659
uniporters, 656, 656F
see also Carrier protein(s)
Activity-dependent synapse elimination, 1394
Adaptaticn
bacterial chemotaxis, 944
calcium ion activated potassium ien channel,
690
photoreceptors, 917-918
receptor down-regulation, 903, 903F
receptor inactivation, 903F, 920
receptor sequestration, 903F, 920
visual transduction, 919
Adaptin, clathrin-coated vesicles, 756F
Adaptive immune response see Immune
response/system, adaptive
Adaptor proteins, signaling pathways, 899, 927
ADARs see Adenosine deaminase(s) (ADARs)
Adenine, 116F, 197, 301F
base-pairing, 198F
deamination, 301F
RNA structure, 332
Adenecarcinoma, definition, 1206
Adenoma, definition, 1206
Adenomatous polyposis coli see APC (adenomatous
polyposis coli) gene/pratein
Adenosine deaminase(s} (ADARs), 484, 484F
reaction rates, 161F
Adenosine diphosphate see ADP
Adenosine triphosphate see ATP
Adenovirus(es), 1496F
entry and unceating, 1506F, 1507
microtubule-based movement in axons, 1517
Adherens junction{s), 1135T
adhesion belt (zona adherens), 1142, 1143F
cadherins see Cadherin(s)



1:2 INDEX

catenin interactions, 1142

columnar epithelium, 1134, 1134F

coordination of cell motility, 1142

occurrence, 1142

see also Cell adhesion
Adhesins

bacterial adhesion to epithelium, 1502

phagocytosis induction by bacteria, 1508, 1508F
Adhesion belt {zona adherens), 1142, 1143F
Adhesion receptors, lymphocyte recirculation,

1550-1551

Adipocytes see Fat cells
Adjuvant{s), 1539
ADP (adencsine diphosphate)

ATP:ADP ratio, 823-824

D-form Actin, 980

production from ATP, 80, 80F
Adrenaline (epinephrine}, 907T

glycogen breakdown, 900

G-protein-linked receptors, 904

smoath muscle control, 1030
Adrenocorticotrophic hormone (ACTH), 803F, 907T
Aaquoria victoria, 592
Aequorin, intracellular ion cencentration, 596-597,

5

Aerobic metabolism, 97-98
bacterial, 839, 839F
evolution, 12, 27, 873-874
Aeropyrum pernix, genome size, 18T
Affinity, antibody for antigenic determinant, 1558
Aftinity chromatography, 512, 514F
DNA-hinding proteins, 428-429, 429F
matrices, 534F
principles, 428-429
protein—protein interactions, 523
protein separation/purification, 428-429, 425F,
513-514, 515F
see also Protein tags
protein tagging, 515F
Affinity constant {Kz), 158F
antigen-antibody binding, 1558
Affinity maturation, antibedy preduction, 1562,
1566, 1566
Aflatoxin B1, 1225, 1226F, 1229
African sleeping sickness, 354
Agarmous Arabidopsis mutant, 1413, 1413F
Agamous gene, 1414F
Agarose gel electrophoresis, 534
Age/aging
premature, DNA repair defects, 295T
relation to telomere shortening, 293-294
see also Cancer
Aggrecan, 1181, 1182, 1182F, 1184T
Agrin, NMJ, 1168
AIDS (acquired immunodeficiency syndrome), 1477,
1581
see aiso HIV
AIDS virus see HIV
Alrways, histology, 1434-1436
Akt (protein kinase B), 934
in cancer, 1244
Alanine, structure, 1297
Albinism (hypopigmentation), 786
Albumin, gene characterization, 539-540
Alcohol dehydrogenase, structure, 144F
Alcohal, production by fermentation, 90, 90F
Aldehydes, oxidation in glycolysis, 92F
Aldolase, 120F
Aldoses, 112F
Alexa dyes, 587, 587F
Algae, 32
evolution, 874, 875F
Allete(s), 314, 554F, 558
frequency, haplotype blocks, 562F
of MHC proteins, 1576
natural selection effects, 561-562, 562F
AMllelic exclusion, 1565
Allergy/allergic reacticns, 1556, 1557, 1557F
Allograft(s), 1575
All-or-none response, 900
Allosteric cooperative transitions see Allosteric
regulation
Allosteric proteins, 171, 172-173
Allosteric regulation, 171-176
conformational changes, 171, 172F
phosphorylation-mediated, 175
proton pumps, 835-836, 837F
ribozymes, 404
cooperative transitions, 173-174, 173F, 174F,
175F

see also Cooperativity {(protein interactions)
integrins, 1171
linkage, 171-172,172F
see also Feedback regulation
Alport syndrome, 1167
Alternative splicing, 348
advantages, 348, 479
Dscam gene, 479F
gene definition modification, 480-481
internal splice site, 479F
intron sequence arnbiguity, 480
mutually exclusive excns, 479F
neural cell adhesion molecule (NCAM),
1146-1147
optional exon, 479F
optional intron, 479F
patterns, 476-480, 479F
post-transcriptional gene regulation, 479-480,
479F
regulation, 480, 480F
splicing signals, 349, 349F
a-tropomyosin gene, 349F, 480
Alu elements, 322, 323F
Alvealar cells, types I/11, 1434
Alveoli
lung, 1434, 1435F
mammary gland, 14271428, 1427F
Alzheimer's disease, protein aggregates, 397, 1001,
1021
a-Amanitin, 385T
Ames test, 1225, 1225F
Amide bond, hydrolysis, 161F
Amine groups, 107F
Amino acidis), 5, 59-60, 125
amincacylation, 370, 371F
see also Transfer RNA
analysis, mutation rate data, 264
charge (pK values), 60F
ceding for, 199-200, 200F
see qlso Genetic code
energy sousces, 99, 101
see aiso Citric acid cycle
essential, 101, 101F
Tamilies, 128
acidic, 128, 128F, 129F
basic, 128, 128F
nonpolar, 127F, 129F
polar {uncharged), 127F, 129F
nitrogen cycle, 100-101
optical isomers, 128F
protein folding role, 130, 130F
protein functional role, 152
side-chain effects, 154-155, 154F
protein structure role, 125-137
protein subunits, 59, 126F
structure, 59-60, 59F, 128F
side chains, 60F, 125-127
see aiso Protein(s); individual amino acids
Aminoacyl-tRNA-ribosome binding, 375, 375F
Aminoacyl-tRNA synthetases, 370, 370-371
accuracy, 371-372,377-378
catalytic reaction, 371, 377F
proofreading, 370, 372, 372F
structure, 371-372, 373F
synthetic ribozymes, 407
see also Transfer RNA
Amniotic sac, 1379
Amoebae, 33F
cell crawling, 1036
asmosis regulation, 663
spread of Legionnaire’s disease, 1508
AMP (adenosine monephosphate)
cyclic see Cyclic AMP
producticn from ATP, 86, 86F
AMPA receptor(s}, hippocampus, 691
Amphibians
embryos
gastrulation, 13641369
polarity, 1364
see also Xenopus laevis development
genome size, 30-31
lampbrush chromosomes, 234F, 235F
see alsa Xenopus; individual species
Amphipathic molecules
evolutionary significance, 404-406
phospholipids, 58-59
Amphiphilic molecules, 618
Ampicillin resistance, mobile genetic elements,
318F
Amyloid protein, aggregation, 396-397

Amyloplasts, 841, 841F
Amyotrophic lateral sclerosis {ALS), neurofilarment
assembly, 987
Anabaena, 15F
Anabolism see Biosynthesis
Anaerobic organisms, 839, 839F
evolutionary significance, 12, 870-872
formic acid oxidation, 871, 871F
glycolysis, 839
see also Glycolysis
pathogenic, 1501
Anaphase
meiosis
anaphase |, 1091, 1091F
anaphase II, 1091F
mitosis, 1054, 1073F, 108SF
anaphase A, 1089-1090
anaphase B, 1089-1090
spindle assembly checkpoint and, 1088
Anaphase promoting complex (APC/Q), 1064, 106567
chromatid separation and completion of mitosis,
1066, 1087, 10877, 1088F
Gy phase and, 1100-1101, 1100F
regulated proteolysis, 395, 396F
regulation, 1064, 1066T, 1087, 1100-1101
targets/mechanism of action, 1065F, 1071, 1100
DNA replication initiation and, 1068
geminin destruction, 1068-1069
M-cyclins, 1064
S-cyclins, 1064
securin destruction, 1064
Ancestor tracing, 247, 248F
Anchorage dependence, 1175-1176, 1175F
Anchor amino acid, peptide binding to MHC
protein, 1578-1579, 1579F
Anchoring junction(s}, 1132, 1132F, 1133-1150,
11337, 1135T
see also Cadherin(s); Integrin(s); specific types
Anchor proteins, cytoskeletal, 1142
Anernia, 452, 646
Aneuploidy
meiotic nondisjunctien, 1278-1279
pclysparmy, 1300
Angiogenesis, 1446, 1448-1449
capillary sprouting, 1447, 1447F
endathelial cells role, 1446, 1447F
inhibitors, in cancer therapy, 1262
process, 1446-1447, 1449F
response to wounding and damage, 1448, 1448F
tumoer growth and, 1220-1221, 1448
Anion, definition, 47
Anisomycin, 385T
Antenna complex, 848, 848F
Anteroposterior axis development
Drosophila, 1331-1334, 1331F, 1332F, 1334F
role of homeotic selector genes, 1341-1347,
1342F, 1343F
vertebrates
amphibian embryao, 1366
role of homectic selector genes, 1344-1347,
1344F, 1347F
Anthrax, 1493, 1493F
Antibiotics, 1521-1522
misuse, 1524
resistance, 1521-1524
active pumping, 1522, 1523F
environmental reservairs, 1523-1524
enzyme alteration, 1522, 1523F
horizontal gene transfer, 22
mobile genetic elements, 318F
R-gene product, 1522, 1523F
selective pressure, 1523
transfer, 1522-1523
targets/mechanisms of action, 1494F, 1522F
protein synthesis inhibitors, 384, 384F, 385T
Antibodies see Immunoglchulin(s}
Anticodon(s), 6, 7F, 368-369, 363F, 369F, 377
wobble, 369, 369F
Antigen(s), 156, 1539, 1557
monoclonal specificity, 508-509
Antigen-antibody binding, 156-157, 1553F, 1538F
affinity constant (K,), 1558
determinant number, 1553F
Antigen-hinding site, 1552, 1552F, 1554F, 1559F,
1561F
structure, 156, 157F, 1560-1561
Antigenic determinants (epitopes), 1545, 1558F
Anttgenic variation, 1519-1520, 1519F
Antigen presentation, 1590-1591
B7 proteins, 1590
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CD28, 1590
€ross presentation, 1584
cytotoxic vs. helper T-cells, 1584-1585
Antigen-presenting cells, 1540, 1542, 1542F,
1571-1572,1571F
costimulatory molecules, 1572F
see also Macrophage(s)
Antimicrobial drugs, resistance see Antibiotics,
resistance
Anti-Mullerian hormone, 1285, 1286F
Antiporters, 656
mechanism, 656F
sodium-calcium exchanger, 660
sodium-driven chloride-hydrogen carbonate
exchanger, 657-658
sadium independent chloride-hydrogen
carbonate exchanger, 657-658
sodium-potassium pump (ATPase), 661-663,
839-840
sodium--proton exchanger, 657
see aiso specific types
Antirrhinum (snapdragon), mutation transforming
flower to leafy shoat, 32
Antisense RNA, dominant negative mutations, 564,
564F
Antiserum, 589
Antral follicles, 1292
AP2/EREBP gene regulatory proteins, 1400T
Apaf1, apeptosis, 1121, 1122F
APC/C see Anaphase promoting complex {APC/C)
APC (adenomatous polyposis coli} gene/protein,
949, 950, 1252
colorectal cancer, 12527, 1253
Ape(s), evolutionary relationships, 247, 247F, 248F
AP endonuclease, base excision repair (BER), 268,
299F
Apetaia Arabidopsis mutant, 1413, 1413F
Apetala2/ethylene-responsive-element binding
protein, 1400T
Apetala? gene, 1414F
Apetala3 Arabidopsis mutant, 1413, 1413F
Apetala3 gene, 1414F
Apical meristem, 1403, 1408F, 1409-1410, 1410F
maintenance by Wuschel and Clavata signaling,
1409-1410, 1410F
root, 1163, 1407F
shoat, 1163, 1401F, 1408FF, 1409-1410, 1411F
Aplysia, cell movement, 1040
APOBEC, 1535
Apoptosis {programmed cell death), 1115-1129,
1116F
activation/induction
abnormal mitogenic stimufation, 1107-1108,
1108F
Apaf-1, 1121, 1122F
ONA damage, 1106
Fas ligand/Fas receptor, 1120, 1571, 1573F,
1594
procaspases, 1118, 1119F, 1120F, 1121
associated diseases, 1127
cancer and, 1127, 1215-1216, 1216F, 1245-1246
cell elimination, 1115-1117
cell recognition, biochemical, 1117-1118
cell signaling, 884, 885F
cellular changes, 1115
plasma membrane, 1117
development, 1126
C elegans, 1327
mouse paws, 1116, 1116F
tadpole metamorphosis, 1116, 1117F
DNA damage, 1117, 1118F
axtrinsic pathway, 1120-1121
hemopoiesis, 1462
intrinsic pathway, 1121, 1124F, 1125F
IRES-mediated preduction of cell-death proteins,
491
macrophage scavenging, 787
in mammary gland, 1428
membrane potential, 1118
mitochondrial proteins, 856
neurcns, 1389-139¢
phagocytosis, 787, 1115
phosphatidylserine, 627
proteolytic cascade, caspases see Caspasels)
regulation
anti-apoptotic proteins, 1122-1123
Bcl2 proteins, 1121-1124
|AP proteins, 1124-1125
pro-apoptotic proteins, 1122-1123
Appendages, development, 1347-1363

fine-grained patterning, 1356-1358, 1362
insects, 1347-1355, 1356-1362
vertebrates, 1355-1356
see also specific appendages
Apterous gene, 1352, 1353
Apurinic sites, 299F
Apyrimidinic sites, 299F
Aquaporin channel(s), 673-675, 673F
mede of action, 674, 675
structure, 833F, 674, 674F
Aquifex
genome size, 18T
in tree of life, 16F
Arabidopsis thaliana (wail cress), 36f, 39F, 1398FF
embryogenesis, 1400, 1402, 1402F
flowers, 1412F
homeaotic mutations, 1413F
gene regulatory proteins in, 1400T
genetic screen, 1399F, 1402
genome, 142, 147, 569, 1399-1400
size, 18T
homeotic selector gene expression in flower,
1414F
medel plant, 36, 37-39, 568-569, 1398-1399
mutant seedlings, 1402F
transgenic, 569
Archaea (archaebacteria), 16, 16F, 17, 18T
bacteriorhodopsin, 640-642
membrane compaosition, 624
Archaeoglobus fuigidus, genome size, 18T
Architectural protein(s), 445-446, 447F
see also DNA bending
ARF protein(s), 759, 1107
Arginine, structure, 128F
Argonaute protein, 494, 494F, 496
ARP {(actin-related protein), 994F, 997, 1022
ARP complex (ARP 2/3 complex), 997, 997F
in lamellipodia, 1038, 1038F
pathogen movement, 1516
Arrestin, 919, 920-921, 920F
ARS (autonomously replicating sequence}, 286,
7F

Artery, 1445F
Arthritis, chronic infections, 1500
Arthropads
ECM polysaccharides, 1180
infections transmitted by, 1501-1502
see also individual species
Artificial chromasomes, DNA cloning vectors, 541,
542F
Ascaris, 1487, 1489F
Ascaris fumbricoides, 1489
Asexual reproduction, 1269, 1269F
Ash1 gene regulatory protein, 1023, 1023F
A-site {ribosome binding), 375F, 376
Asparagine-linked oligasaccharide(s), protein
glycosylation, 737, 737F, 747F
Asparagine, structure, 129F
Aspartate (aspartic acid), structure, 129F
Aspartate transcarbamoylase
allosteric cooperative transitions, 173-174, 174F
catalytic mechanism, 173-174, 175F
structure, 144F, 173, 174F
Aspartic acid, structure, 129F
Association constant (K,), 158F
Assaciation rate, 158F, 526
Associative learning, 1396-1397
Asthma, 1500, 1534F
Astral microtubules, 1035F, 1076, 1076F
Astral relaxation model, 1096-1097, 1096F
Astral stimulation model, 1096, 1096F
Asymmetrical division, oocytes, 1289, 1289F
Asymmetric cell division, 1099, 10699F
oocytes, 1289-1290, 1289F
stem cells, 1421, 1421F
AT-AC spliceosome, 353354, 354F
Ataxia teiangiectasia (AT), 295T, 304
mutaticn, 295T, 304, 1106
Atherosclerosis, 791, 1500
Atheroscleratic plagues, 791, 1500
ATM protein kinase
defects, 295T, 304
DNA damage and, 1105
mutation, 1106
Atohl gene, 1432
Atamic force microscopy (AFM), 600, 601F
Atomic modeling, proteins, 527-531
Atomic nuciei, NMR, 529
Atomic radius, 51
Atomic weight, definition, 45

Atoms, 45-48, 46, 47F, 48F
atomic interactions, 46-48
atcemic radius, 51
atemic structure, 45-46, 46F
electrons see Electron(s)
space-filling models, 51
valences, 47
ATP (adenosine triphosphate), 8-9
abundance, 81
biosynthetic role, 81, 81F
chemical structure, 61F, 117F
energy carrier, 61, 62F, 78, 80-81
historical aspects, 90
hydrolysis see ATP hydrolysis
radiolabeling, 603F
synthesis see ATP synthesis
transport, 822
utilization measurement, 168
ATP:ADP ratio, 823-824
ATPases (ion transport), 659-660, 655
see also specific pumps/proteins
ATP caps, actin filaments, 979, 979F
ATP hydrolysis, 80F
alternative route, BGF
aminoacyl-tRNA synthetases, 371
ATP synthase, 826, 826F
carbon fixation, 845, 845F
chromosome condensation, 243
coupled to DNA replication, 273, 273F
coupling to biosynthetic reactions, 81, 81F,
824-825
nucleic acids, 86, 87F
energetics, 87, 86, 86F, 824-825, 825F
glutamine synthase, 81F
mitochondrial protein import, 716-717
nucleosome sliding, 215-216
sperm motility, 1293
splicecosomes, 351-352
ATP-mediated phosphorylation, 84F
ATP synthase, 660, 813, 814F
bacterial, 839
chloroplast localization, 855F
mechanism of action, 822-823
mitochondrial localization, 821, 855F
oxidative phosphoryiation, 821-822, 821F
reversibility, 826~-827, 826F
bacteria, 839
energetics, 826-827
sodium-driven, 839-840
structure, 822F
see also ATP hydrolysis; ATP synthesis
ATP synthesis, 80
electron transport-driven, 100F, 817-819, 819F
proton gradients, 821-823, 821F
uncoupling, 836
see aiso Electrochemical proton gradients;
Electron transport chain(s)
energetics, 80
evoluticn, B70-876
anaercbes, 871-872
cyanobacteria, 872-875
fermentation, 870-871
glycolytic pathway, 91, 92F, 93F, 121F
see also Glycolysis
mitochondriai see Oxidative phospharylation
photosynthetic, 94-95, 95F, 850-853
cyclic photophaosphorylation, 853
noncyclic photophasphoryiation, 850-853,
B52FF
see aiso ATP synthase; Glycolysis
ATR protein kinase, DNA damage and, 1105
Attenuation, bacterial gene regulation, 477-478
Atypical protein kinase C (aPKC), epithelial apico-
basal polarity, 1156
Auditory hair cells, 1429, 1430-1432, 1431F,
1431FF
Aurora B kinase, 1084
Aurora kinases, 1074
Autimmune regulator {AIRE) protein,
immunclogical telerance, 1588
Autocatalysis, origin of life, 7F, 401
Autocrine signaling, 881
Autoimmune disease, 1539, 1549
Automated DNA sequencing, 55C, 550F
Autenomausly replicating sequence (ARS), 286,
287F
Autophagosame(s), 782-783, 784F
Autophagy, 782-783, 783F, 784F
apoptosis, 1125
Autcphosphorylation, 915, 915F, §32

Page numbers in boldface refer to a major text discussion of the entry; page numbers with an F refer to a figure, with an FF to figures that follow consecutively;
page numbers with a T refer to a table; vs means compare/comparison.
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Autoradiography, 601, 602-603, 603F
electron microscopy, 603F
eucaryotic replication forks, 282-283, 284F
2D-PAGE, 522F
3H-thymidine, 282-283, 284F
H-uridine, 603
Autosome(s), 473, 554F, 1271
Auxin, 959, 14031404, 1408-1409
indole-3-acetic acid, 959F, 1406F
transport in plants, 959-961
Avogadro’s number, 45-46
Axil, 1410
Axillary bud, 1410, 1411F
Axin, 949
Axond{s), 680F, 1047
action potential propagation, 677F
see also Action potential(s}
cytoskeleton, 1047-1050
see also Axonal transport
development, 13861387, 1367F
differentiation from dendrites, 1386
guidance mechanismns, 1140, 1147, 1177,
1387-1389, 1388F
retinotectal projection, 1391-1393
microtubule orientation, 1047
myelin sheath, 678, 680F
neurosignaling, 675
see also Dendrite(s)
Axonal transport
anterograde vs. retrograde, 1048
herpes viruses, 1516-1517, 1516F
Axonemal dyneins, 1015, 1033, 1033F
Axoneme, sperm, 1293, 1293F
Axon hillock(s), ion channels, 689
Azide, cytochrome oxidase binding, 834

B1 elements, 323F
B7 proteins, 1592T, 1594, 1595F
antigen presentation, 1590
CTLAA4 binding, 1591-1592
T-cell activation, 1591F
Bacilli, 1490F
Bacillus, 16F, 18T
Bacillus anthracis, 1493
Baciflus subtilis, 18T, 20F
BACs {bacterial artificial chromosomes), DNA
cloning vectors, 541, 552
Bacteria, 16, 16F, 1488, 1489-1490
antibiotic action and targets, 1494F
archaea and eucaryotes vs,, 16, 17F
bacteriophage adhesion, 1505
chemical composition, 55T, 63T
chemiosmatic coupling, 839-840, 839F
chromosomes, 202, 1491F
origin of replication, 282, 283F
diversity, 15
DNA replication, 280, 282, 283F
see also DNA replication
DNA sequences as immunostimulants, 1527
E. coli as model, 24-25, 25F
electron transport, 873F
evolution, 871-872
see aiso Electron transport chain(s)
energy sources, 839
entry into host cells by phagocytosis,
1507-1508
epigenetics, 472
gene expression, 345F
see also Transcription
gene regulation see Bacterial gene expression
regulation
genomes
sequenced, 18T
size, 17, 18T, 1488
Gram-negative, 1490F, 1527
Gram-positive, 1490F, 1527
intracellular movement, 1514-1517
invasion of host cells, 1507-1508, 1509F
lithotrophic, at hydrothermal vents, 12
mRNA, 346F, 380, 381F
normal flora, 1486, 1501
pathogenic, 1489-1494
facultative pathogens, 1490
genome organization, 1492F
invasion, 1507-1511
nonpathogens vs,, 1492F
obligate pathogens, 1490-1491

opportunistic pathogens, 1430
phase variation, DNA rearrangement, 454-455
phatosynthetic, 840, 863, 872-875
see aiso Cyanobacteria; Photosynthesis; Purple
bacteria
porin insertion, 717, 717F
protein synthesis, 345F, 380
inhibitors, 384, 385T
see also Antibiotics
ribosomes, 612F
see also Protein synthesis; Translation
riboswitches, 478-479
structure(s}, 1490F
capsules, 1532
cell-surface projections, 1490F
celt wall, 14, 1490F, 1527
flagella see Flagella
outer membrane, 1490F
pili {fimbriae), 1490F
plasma membrane, 839-840, 1490F
ribosomes, 612F
shapes, 14F, 1490F
sizes, 14F, 17
toxins see Bacterial toxins
transcription see under Transcription
translation quality control, 387, 387F
virulence genes and factors, 1491
viruses of see Bacteriophage(s)
see also specific organisms
Bacterial artificial chromosomes (BACs), 541, 552
Bacterial gene expression regulation, 336-338,
339F, 345F
gene regulatory proteins, 416
DNA sequence recognition, 418T
repressors, 416
see afso Genetic switches; Repressor protein(s)
operons, 433F, 462-463
see also Lac operon (Escherichia coli)
transcription attenuation, 477-478
see also Transcription
Bacterial toxins, 1492
Bacillus anthracis, 1493
cholera, 1492, 1504-1505
diarrhea due to, 1491
edema toxin (anthrax}, 1493
lethal toxin (anthrax), 1493
mechanism of action, 1493-1494
cAMP overproduction due to, 1503
type Il secretion system for, 1493, 1494F, 1504
type IV secretion system for, 1493-1494
Bacteriophage(s), 21, 22F, 1492, 1492F
bacterial adhesion, 1505
genome integration, 324, 325F
see also Transposition
virulence gene transfer, 1491-1492
see also individual viruses
Bacteriophage lambda
bacterial adhesion, 1505
conservative site-specific recombination, 324,

excisionase, 326
integrase, 294, 324, 325F
gene regulation, 457-458, 458F
corepression, 457, 458F
Cro repressor, 421F, 457-458, 458F
dimerization, 142, 142F
sequence recognition, 421F
lambda repressor, 416, 418T, 457, 458F
see aiso Cro repressor; Lambda repressor
life cycle, 325F
excision, 324
heritable state, 458, 458F
integration, 324, 325F
Iytic state, 458, 458F
prophage, 457, 458F
transcription circuits, 459
Bacteriophage T4, 22F
Bacteriorhodopsin, 640-642, 640F, 641F
Bacteroides, 1501
BAD protein, Pl 3-kinase signaling, 934, 934F
Bak, apoptosis, 1122
Balbiani rings, mRNA export, 359, 359F
Ball-and-chain model, voltage-gated potassium ion
channels inactivation, 678F
Barr body, X-inactivation, 473
Basal cell carcinoma, 951
Basal cells
epidermis, 1419, 1419F
olfactory epithelia, 1429F, 1430
Basal lamina, 1131, 1132F, 1164-1162, 1419F

distributionfoccurrence, 1164-1165, 1164F
epidermal stem-cell maintenance, 1421, 1426
functional roles, 1164
barrier functions, 1168
diversity, 1167-1169
kidney glomerulus, 1164-1165, 1164F, 1167
mechanical, 1165
regeneration and, 1168-1169, 1168F
mammary gland, 1428
structure/compasition, 1165, 1165F, 1166F,
1167F
laminins, 1165-1166
type IV collagen, 1165, 1166-1167
synthesis, 1165
Base(s) (chemical}, 53, 109F
measurament see PH
Base(s) (nucleic acid)
DNA, 197-199, 198F, 198FF
damage, 296, 296F
natural, 301F
tautomers, 268-269, 370F
unnatural, 301F
nucleotide structure, 61, 116F
pairing see Base-pairing
purine see Purine base(s)
pyrimidine, 61, 116F
RNA, 300
Base excision repair (BER), 297-298, 299F
Base-flipping, 298, 300F, 30€, 306F
Basement membrane see Basal lamina
Base-pairing (nucleotides)
DNA structure and, 197-199, 198F, 198FF
see also DNA structure
DNA synthesis and, 266, 266F, 268-269
see afsc DNA replication; DNA synthesis
origin of life, 401
RNA and, 332, 333F, 334F
splicing mechanism, 351
see also Ribosomal RNA; RNA structure
unusual, 269, 332
RNA folding, 333F
wobble base-pairing, 369F
Base substitution mutation(s), 246
Basic helix-loop-helix (bHLH) proteins, 1356, 1362,
1400T

Basophils, 1452F, 1556, 1557F
Bax, apoptosis, 1122
B cell(s), 1540
activation, 1543-1544, 1543F, 1552, 1554F,
1568, 1568F, 1595F
antibody gene-pool selection, 1565-1566,
1566F

B-cell receptor, 1595, 1596F
class switching, 482483
helper T-cells (Tp), 1574-1575, 15971598,
1597F
antibody synthesis, 1552
post-transcripticnal control, 482-483
B1 cells, 1599
B2 cells, 1592
B-cell receptor, 1416F, 1595-1596, 1556F
T-cell receptor vs,, 1595-1596
coreceptors, 15941595, 1596F
development, 1543-1544, 1543F, 1552,
1553-1554, 1554F
antibody gene-peol selection, 1565-1566,
1566F

class switching, 482-483, 1568F
see also Immunoglobulings)
hybridoma production, 508-509, 509F
immunclogical synapse, 15977
memaory, 1546
monaospecificity, 1565-1566
recirculation, fymph node lymphoid follicles,
1550

regulation, Fc receptor sighaling, 1596
resting, 1544F
signaling events, 1416F, 1596F
Bcl2 proteins, 1121-1124, 1123F
in cancer, 1127, 1245
Bcl-¥, protein. membrane integrity, 1122-1123
Ber-Abl protein, 1261
Gleevec and, 1262F
Ber gene, chronic myelogenous leukemia, 1261,
1261F
*Beads on a string” chromatin, 211, 211F, 212F
BEAF insulator-binding protein, 453F
Beggiatoq, 15F
Behavioral mutants, 556, 557F
Benzopyrene, role in cancer, 1225
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Beta-barrel proteins, as transmembrane proteins,
632, 635F
see also specific proteins
Beta-cells (insulin-secreting), 1444, 1444F
Betaglycan, 1184, 11847
Beta-sheet motif, 131, 134F, 135, 135F
DNA-binding, 422, 423F
see also Protein structure
BH3-only proteins, apoptosis, 1123-1124
BH123 proteins, apoptosis, 1122, 1123F
Bicoid protein, 7333, 1333F, 1334, 1334F
Drosophila development, 1022-1023
eve gene activator, 448-449, 44GF
mRNA localization, 486487, 1022-1023
Bid, apoptosis, 1124
Bidirectional signaling, Eph receptors and ephrins,
922
Binocularly driven cells, in visual cortex, 13951396
Biological order, 65-87
structural, 64F, 65F
thermodynamics, 66-68
entropy, 67, 67F
see alse Thermodynamics
Bioluminescence, 596-597
Biosynthesis, 66
activated carriers, 79F, 81, 81F
see also specific carriers
hiological order, 65-87
catabolism vs, 67F
cholesterol, 83F
feedback inhibition, 170, 170F
macromalecules, 63
energy requirements, 84-87
see also specific pathways
Biosynthetic-secretory pathway(s), 742-787, 750F,
800
pH control, 770, 770F
see also Exocytosis; Protein transport
Biotin, A4F, 167, 1677
BiP, 736, 736, 767
Birthdays, neuronal, 1385-1386, 1386F
1, 3-Bisphasphoglycerate, 121F
Bithorax complex, 1342, 1342F
Bivalent formation, 1274, 1274F, 1276F
Black membranes, 622, 622F
Bladder
cancer, 1210F, 1228, 1229
infections, uropathogenic £. cofi, 1502, 1503F
Blastocyst, 1379-1380, 1379FF, 1381F
Blastoderm, 1330-1331, 1330F
Blastomere, 1365, 1365F, 1379F
Blastopere, 1366, 1367-1368, 1367F
BLAST sequence alignment, protein analysis, 531,
531F
Blastula, 1363F, 1365
Blig, 1443
Blood cells, 1451-1453, 1451F, 1452-1453, 1452F
1453T
formation see Hemopoiesis
functions, 1453T
see also individual types
Blood coagulation
anti-clotting agents, disintegrins, 1193
ECM degradation, 1194
Blood sinuses, in bone marrow, 1454
Blood vessels, 1445-1450, 1445F, 1446F
branching mechanism, 1448
development, 1446
endothelial cells see Endathelial cells
formaticn and sprouting see Angiogenesis
see also spedific types
Bloom syndrome, DNA repair disorders, 295T
Blotting
membranes, 538
Northern blatting, 538-539, 539F
Southern blotting, 539-540, 539F
western blotting, 519F
see afso DNA hybridization
B lymphocyte leukemia, origin, 1219
B lymphocytes see B cell(s)
BMP (bone morphogenetic protein) family, 1336,
1441
Bone(s), 1469-1474
canaliculi, 1479, 1470F
cartilage replacement by, 1470-1471, 1471F
cells, 1467, 1470F
see aiso Osteoblast(s); Osteoclast(s)
composition, 1463-1470
development, 1470-1472
cartilage medel, 14701477, 1471F

ECM production, 1179
fibroklasts transformation to, 1468, 1469-1471
formation, endochondral, 1470
joints, 1471-1472
lacunae, 147¢
long, development, 1470-1471, 1471F
matrix
erosion by osteoclasts, 1471
secretion by osteoblasts, 14651470
as souyce of signal proteins, 1471
uncalcified (osteoid), 1469-1470, 1470F
remodeling, 1472-1473, 1473F
ECM degradaticn, 1193
stress response, 1474
repair, 1474
structure, 1470F
Bone marrow
apoptosis, 1117
blood cell production, 1453-1456, 1453F, 1541F
control, 1459
see also Hemopoiesis
blood sinuses, 1454
histolagy, 1453-1462, 1455F
stromal cells, role, 1458-145%
transfusion, 1456, 1456F
transplantation, 1456, 1456F
X-ray effect on, 1455-1456, 1456F
Bona merphogenetic proteins (BMPs), 1336, 1441
Bordetella pertussis, 1503, 1504
Borrelia burgdorferi, chronic illness, 1500
Boundary elements see Insulator elements
Bovine spongiform encephalopathy (BSE), 367-398,
1498
see also Prion proteins (PrP)
Brachyury (“short tail”} protein, 1370
Brain, sensory maps, 1391-1395, 1392FF
Branchial arches, 1345
Branching morphogenaesis, 1381-1382, 1382F
Branchless gene, 1382
Branch migration, 307F, 308, 308F, 312F
Branch peint-hinding protein (BBP), 350F
Brassinosteroids, 957, 1403
Brat protein, 1361
Brcal/Brac2 proteins, 310
BrdU {(bromodeoxyuridine)
cell cycle analysis, 285, 285F, 1059, 1059F
epidermal cell divisicn, 1422
muscle cell division, 1425
Breast cancer
Brcal/Brac2 proteins, 310
chromosome abnormalities, 1215F
DNA repair defects, 295T
incidence dependent on reproductive histery,
1229, 1229F
typical growth, 1208F
Breathless gene, 1382
BRI receptor kinase, 957
Bride-of-sevenless mutant, Drosophila, 927
Brightfield microscopy, 583
Bromadeoxyuridine see BrdU {bromodeoxyuridine}
Bronchiole, 1435F
Brown fat, 838
Brown, Louise, 1301
46BR patient, DNA repair disorders, 295T
Brush-border, 806, 1437F, 1438F
Bs1 transposon, 318T
Budding yeast(s), 34F
alternative splicing, 479-480
cell type specificaticn, 455-452, 455F, 457F
see also Mating-type switching
F.colivs, 34
genome, 18T, 34
haploid vs. diploid state, 34
as model eucaryote, 33-34
replication origins, 286, 287F
reproductive cycles, 413F
see afso Saccharomyces cerevisiae
Bundle-sheath cells, 846
o-Bungarotoxin, effect on acetylcholine receptors,
685
Burkitt’s lymphoma
translocation activating Myc gene, 1239
viral causation, 1228T, 1495
BY2 immoartat cell lines, cell culture micrograph,
F

BZIP gene regulatory prateins, family members in
different eucaryotas, 1400T

C

C2C2 (Zn finger)/GATA gene regulatary proteins,
14007
€2H2 (Zn finger) gene regulatory proteins, 1400T
3 plants, B46-847, 847F
C4 plants, 846-847, 847F
C6 (Zn finger) gene regulatory proteins, 1400T
Ca?* ATPase see Calcium pump {Ca2*-ATPase)
Ca?*/calmodulin see under Calmaodulin
Ca?* pump see Calcium pump (Ca?*-ATPase)
Cadherin(s), T133-1150
bacterial invasion and, 1508
[-catenin and, 949, 1142
Ca**-mediated cell-cell adhesion, 1135-1136,
1137-1138
classical cadherins, 1136, 1138T, 1177T
cadherin domain repeats, 1137
catenin link to actin cytoskeleton, 1142,

E-cadherin, 1136, $138T, 1141, 1249-1250
N-cadherin, 1136, 1138T, 1388
P-cadherin, 1136, 11387
signaling, 1145
structure, 1139F
VE-cadherin, 11387, 1145
developmental expression
embryo compaction, 1136, 1136F
neural development, 1140, 1140F, 1141F, 1388
selective adhesion, 1139-1140, 1139F, 1140F
selective assortment, 1140-1141, 1141F,
1142F
distribution, 1135, 1136, 1136F
diversity, 1136-1137, 1137F, 11387
family members, 11387
genes, in neurcnal guidance, 1388
homophilic adhesion, 1137-1139, 1138F
binding affinity, 1138
tissue segregation and, 1140-1141
“Velcro principle” 1138-1139, 1139F
nervous tissue, 1136, 1136F, 1388
nonclassical cadherins, 1136-1137, 1138T, 11777
cadherin 23, 1138T
cadherin domain repeats, 1137
desmocollins, 1136, 11387
desmogelins, 1136, 1138T
Fat proteins, 1137, 1138T
Flamingo protein, 1137, 1138T, 1145
protocadherins, 1136, 1138T
signaling, 1145
T-cadherin, 1136-1137, 1138T
signaling functions, 1136-1137, 1145
structure, 1336-1137, T137F, 1139F
cadherin domain motif, 1137
conformational changes, 1138
intracellular domains, 1142
synapse formation and, 1148
see also specific types
Caenorhabditis elegans, 37, 39F, 1321-1328, 1322F
adult anatomy, 1321
apoptosis, ICE, 1118
cell numbers, 1321
development see Caenorhabditis elegans
development
gene regulatory proteins, 1400T
genes
dosage compensation, 475, 476F
for multicellular development, 1323
see also under Caenorhabditis elegans
development
genome, 18T, 20T, 552
hermaphrodites, 1321
microtubules, 982F
as model organism, 36-37, 39
molt cycle, 1322
mutants, 557F, 564F
protein interaction rnaps, 188
RNA interference {RNAi), 571, 571F
sex determination, 1282F, 1286
sexual reproduction, 1321
size, 1489
Caenorhabditis elegans development, 1321-1328
ABa cell, 1324, 1324F, 1324FF
ABp cell, 1324, 1324F, 1324FF
asymmetric cell division, 1323-1324, 1323F
cell death, 1327-1328, 1327F
cell fate, 1322
cell lineage, 1321, 1322, 1322F, 1324
cell patterning, 1324
E cell, 1324, 1324FF

Paga numbers in boldface refer to a major text discussion of the entry; page numbers with an F refer to a figure, with an FF tc figures that follow consecutively;
page numbers with a T refer to a table; vs means compare/comparison,
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egq cell, 1323
EMS cell, 1324, 1324F, 1324FF
epithelial apico-basal polarity mechanisms,
1155-1156
faunder cells, 1322
gene regulatory prateins, 1400T
genes, 1323
heterochronic genes and timing, 1326-1327,
1326F
maternal effect, 1323-1324
mom {more mesoderm), 1325
pop (plenty of pharynx), 1325
see also individual genes
germ cells, 1322-1323,1323
gut, 1322F
inductive cell-cell interactions, 1324, 1324FF
MS cells, 1324, 1324FF
P> cell, 1324, 1324FF
P granules, 1323-1324, 1323F
potarizing signaj, 1323
pop-1,1325
precision, 1322
sex determination, 1282F, 1286
Vasa protein, 1324
Whnt signaling pathway, 1324, 1324F, 1325
Caged molecules, 594-595, 595F, 596F
Cajal bodies, 241, 241F, 363-364, 365F, 594F
Calcium-activated potassium channel(s), 690
Calcium/calcium ion {Ca®")
cadherin-mediated cell-cell adhesion,
1135-1136
cytosolic concentrations, 660
eqq activation, 1299
gap junction permeability, 1161-1162
intracellular measurement, 596-597, 597F
as intraceliular messenger, 912-916
regulation of concentration in cytosol, 912-913
regulation of cytosel concentration, 912-913
signaling see Calcium signaling
storage, sarcoplasmic reticulum, 725-726
transmitter release at synapses, 804, 808,
912-913
Calcium channel(s), 912, 913
IP3-gated CaZ*release channels, 910,911
ryanodine receptors, 912
Calcium pump (Ca2t-ATPase), 660-661
autophosphorylation, 660
mechanism, 661F
muscle contraction, 660
structure, 660-661, 661F
Calcium-sensitive fluorescent indicators, 912, 912F
Calciumn signaling, 912-916
Ca?*-induced Ca2* release, 914
Ca?* oscillations, 912-814, 913F
Ca?* spikes, 913, 913F
Ca?* wave, fertilization, 912, 912F, 1299
calcium release, 910, 913
calmodulin and, 914-916, $14F, 915F, 1030
entry into cytosol, 910-912
see also Calcium channel(s)
IP3-mediated, 910, 910F
see also Inositol phospholipid(s)
mechanisms keeping cytosolic CaZt levels low,
912, 912F
oscillation frequency, 912-914
PKC and, 911
at synapses, 912
ubiquitous intracellular messenger, 912
Calcium wave, egg cells, 912, 912F, 1299
Callus fermation, plant cells, 504-505, 568
Calmodulin, 914-916
action on CaM-kinase Il, 915, 915F
Bordetella adenylyl cyclase binding, 1503
Ca** binding, 1030
Ca?*/calmodulin, 914
structure, 144F
Calnexin, as chaperone protein, 738-739, 767
Calreticulin, protein chaperone function, 738-739
Calvin cycle see Carbon-fixation cycle
CaM-kinase {Ca?*/calmodulin-dependent protein
kinase), 915-916, 915F, 916F
CAMP see Cyclic AMP
Canaliculi, 1442
Cancer, 1205-1267
angiogenesis in cornea, 1448
apoptosis, 1127
benign vs. malighant, 1206, 1207F
causes/pathogenesis, 1208
carcinogens see Carcinogens
DNA repair defects, 277-278, 295-296, 295T,

1216-1217
see afso DNA repair
environmental factors, 1224, 1224F
epigenetic change, 1208, 1213
genes see Cancer-critical genes
preventable, 1224-1230
somatic mutations, 265, 1208, 1209
see also Oncogene(s); Tumor suppressor
genes {T5Gs)
cells see Cancer cells
clonality
clonal evolution, 1212-1213, 1212F, 1227
origin from single mutant cell, 1207-1208,
1209F
see afso Cancer cells
ECM degradation, 1194, 1194F
epidemiology, 265, 1229-1230
epigenetic vs. genetic change, 1214F
epithelial-mesenchymal transitions, 1141
growth/progression, 1210
cell proliferation, 1107-1108
contributing properties, 1223
defective cell death, 1215-1216
defective cell differentiation, 1215-1216
ECM degradation, 1193
invasiveness, 1220
see also Metastases
metastasis see Metastases
natural selection, 1212-1213
oxygen as limiting factor, 1220
growth rate, 1212
incidence
environmental factors, 1224, 1224F
as function of age, 1209, 1209F
Mormons, 1225
USA, 1207F, 1229F
variation between countries, 12287
initiation, 1226, 1227
as a microevolutionary process, 1205-1224
mortality, USA, 1229F
nomenclature, 1206
prevention, 1224-1230
primary, 1207
progression, 1210
colorectal cancer, 1250-1255, 1255F
genetic instability effect, 1214-1215
microenvironment, 1222, 1222F
natural selection, 1212-1213
propagation, stern cell role, 1218
recurrence, 1219
stem cells, 1217-1218
origin, 1218-1219
properties, 1219
treatment, 1256-1265
antibodies targeting oncogenic proteins, 1260
evolution of resistance to therapy, 1259
new therapies, 1257-1360
sensitivity, 1219
taxol, 988
traditional therapies, 1257
see also Mutation(s); specific cancers

Cancer cells, 1241-1255

blood supply, dependence, 1262

cell crawling, 1008

cell division rate, 1209

cell lines, 506T

colonization without restraint, 1206-1207

epigenetic changes, DNA methylation, 1213

fluorescence-activated cell sorter, 1218, 1218F

heritable properties, 1206

loss of contact inhibition, 1233F

maolecular characterization, DNA microarrays,
412, 414F

reproduction without restraint, 1206-1207

stem cells, 1217-1219

telomerase activity, 1217

Cancer-critical genes, 1230-1241

analysis in developing embryos, 1241-1242
analysis in transgenic mice, 1241-1242
cell proliferation regulation, 1242-1244
identification, 1230-1241
cell transformation assay, 1232-1233
chromosome abnormalities, 1231-1232
dominant vs recessive {oncogene vs tumor
suppressor gene), 1232F
hereditary cancer syndromes, 1234-1235
loss of heterozygosity, 1236
Ras gene, 1233-1234
Rb gene, 1234-1235, 1336F
retroviruses, 1233

P53 gene/protein and, 1106
Rb genefprotein, 1104-1105, 1234-1235, 1344F
varied types of mutation, 1234-1236
see afso Mutation(s); Oncogene(s); Tumor
suppressor genes (TSGs); individual
genes
Cancer syndromes, hereditary, 1234-1235
Canine parvovirus, microtubule-based movement
in axons, 1517
Capaditation, 1294, 1297
Cap-binding complex (CBC), 346-347
Capillaries, 1446-1447, 1446F
response to wounding, 1448, 1448F
see also Angiogenesis
Capping, of actin filaments see Actin/actin
filaments
5 Capping of eucaryotic mRNA, 344, 346-347,
346F

cap-binding complex, 346-347
decapping, 492
functions, 346-347
guanyl transferase reaction, 346
methyl transferase reaction, 346
phosphatase reaction, 346
pre-mRNA ordering, 352
reaction, 346, 347F
Capping protein, actin filament, 1003
Capsid(s) (viral}, 148, 148F, 149F, 150F, 1489F, 1497,
1513
Cap snatching, 1517
Capsules, phagocytosis resistance mechanisms,
1532
CapZ protein, 1003
Carbamoyl phosphate synthase, molecular
tunneling, 167-168, 168F
Carbohydrates, 55
biosynthesis, 844
see also Carbon fixation
see also Polysaccharides; Sugars
Carbon
atomic structure, 46F
cell components, 54-55
double bonds between, 106F
skeletons, 106F
Carbon—carbon double bonds, 106F
Carbon dioxide (CO,)
fixation see Carbon fixation
metabolic production, 98-99
see also Citric acid cycle
Carbon dioxide (CO;} pumip, carbon fixation,
Carbon fixation, 13, 69
ATP hydrolysis, 845, 845F
chloroplasts, 69, 843-844
CO; (carbon dioxide), 13, 844-845
CO, pump, 846-847
cyanobacteria, 840, 873-875
evolution, 872-875
NADPH, 845, 845F
reactions, 71F, 844-847, B45F
ribulose bisphosphate carboxylase, 844, 844F
Carbon-fixation cycle, 71F, 844-847, 345F
Carbonic anhydrase, reaction rates, 161F
Carbon monoxide, as intercellular signal, 889
Carboxylated biotin, 84F
Carboxyl groups, fatty acids, 114F
Carboxypeptidase, zin¢ ion dependence, 167
Carcinogenesis, 1208
Carcinogens, 1208
cancer after exposure, 1210, 1210F, 1225
identification for cancer avoidance, 1229-1230
industrial, weighing risks, 1230
metabolic activation, 1225, 1225F
mutagenicity, 1225, 1225F
types, 1225-1229
Carcinoma, 1206, 1234
Cardiac muscle, 1031
adherens junctions, 1142
cells, 1463-1464, 1463F
mitochondria, 816F
mutational effects, 1031F
sarcomeres, 1026
Cardiolipin, 867-867, 868F
Cardiovascular disease, 1500
Cargo, 749, 750F, 767F
Cargo receptor{s}, 754
Carrier protein(s), 652-667
active transport, 654-667
asymmetric cellular distribution, 658-659
ATP-driven pumps, 656F, 659-660, 660F
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conformational changes, 653F, 655, 655F
coupled carriers, 656F
coupling te proton gradients, 822-823, 823F
evclution, 655
kinetics, 655, 655F
light-driven pumps, 656F
localization, 1151
mechanism, 655F
membrane transport, 652-643
reversibility, 826-827, 826F
specificity, 652
see also ABC transparter(s); Active transport;
specific proteins
Cartilage, 1468-1469
bone repair, 1471
rells, 1467, 1468-1469, 14695
see also Chondrocytes
erosion by osteoclasts, 1472-1473
growth, 1468-1469, 1469F
defective in achendroplasia, 1471-1472,
1472F
mineralization, 1471
‘models’in bone development, 1470, 1471F
replacement by bone, 1470-1471, 1471F
Casein kinase 1, 949
Caspase(s), 1118-1120
activation, 1118, 1119F, 1120F
see also Procaspase(s)
caspase-3, 1119
caspase-8, 1573F
caspase recruitment domain, 1119
human, 1119T
inhibition, 1124-1125, 1127
interleukin-1-converting enzyme, 1118
signaling pathways, 1119
Caspase recruitment domain (CARD), caspases,
1119
Catabolism, 88-103
activated carriers, 79F
anabalism vs, 67F
definition, 66, 88
oxidation of organic molecules, 70, 1007
citric acid cycle see Citric acid cycle
glycolysis see Glycolysis
oxidative phosphorylation see Oxidative
phesphorylatien
sugars, 55-58, 88
Catabolite activator protein (CAP), 418T, 420F, 436
Catalase, 144F, 721
Catalysis
autocatalysis and origin of iife, 7F, 401
catalysts, 73, 158-159
see alsc Enzyme(s); Ribozymes
in contralled energy use by cells, 65-87
energy barriers, 72-73
by RNA see Catalytic RNA; Ribozymes
Catalytic antibodies, 160, 161F
Catalytic RNA
origin of life, 401, 402, 402F
self-replication, 404, 407F
ribosomes, 378-379
spliceosome active site, 352
see also Ribozymes; Self-splicing RNA
Catastrophe factors, 1080
Catastrophe, in dynamic instability, 1003, 1080
Catenin(s)
B-Catenin
cadherin binding, 949, 1142
colorectal cancer, 1253
p120-Catenin, 1142
y-Catenin (plakoglobin), cadherin binding, 1142
cell-cell adhesion and intracellular signaling,
949, 1142, 1145
classical cadherin link te actin filaments, 1142,
1142F
Cation, definition, 47
Cation-transporting ATPases see Calcium pump
(Ca?*-ATPase)
Caulobacter cresentus, cytoskeleton shape, 991
Caveolae, 790, 790F
Caveolin, 790
CBC (cap-binding complex}, 347
C-Cbl protein, 926
CCRS, HIV recepter, 1505-1506, 1505F
CD3 complex, T cells, 1590F, 1592T, 1599F
CDA protein, 1580-1581, 1580T, 1581F, 1592T,
1599F
antigen presentation, 1590
HIV receptar, 1505, 1505F
role in viral entry into cells, 765F

CD4 T-cell(s), 1580, 15927, 1599F
negative selection, 1587, 1587F
positive selection, 1586, 1587F
see also Helper T-cell(s) (Ty)
CD8 protein, 1580-1581, 1580T, 1581F, 1592T,
1599F
antigen presentation, 1590
CD8 T-cell(s), 1580, 1592T, 1599F
negative selection, 1587, 1587F
positive selection, 1586, 1587F
see also Cytotoxic T-cells (T¢)
CD9, sperm-egg binding, 1298-1292
CD28, 159C, 1591F, 15927
CD40 ligand, 1590, 1562T, 1584, 1595F, 1597
CD40 receptor protein, 1590, 1592T
on B cell, 1597, 1598T
on macrophage, 1593F, 1594
D80, 15927
CD86, 1592T
Cdc6, 288, 289F, 1068
Cdc20, APC/C regulation, 1064, 1066, 1066T, 1087,
1100
Cdc25 phosphatase, 1063, 1071, 1071F
Cdc42, 1042F, 1043, 1156, 1516
Cdc genes, 10561057
temperature-sensitive mutants, 1057, 1057F
Cdh1, APC/C regulation, 1064, 1066T, 1107
Cdk (eyclin-dependent kinase) see Cyclin-
dependent kinases (Cdks)
Cdk4, in cancer, 1243, 1244F
cDNA, 542
clones, 542, 543, 543F, 544
PCR cloning, 546F
libraries, 542, 543F, 544
synthesis, 543F, 574
Cdt1, ORC hinding, 1068
Ced3 gene, 1327, 1327F
Ced4 gene, 1327, 1327F
Ced? gene, 1327, 1327F
C. elegans see Caenorhabditis elegans
Cell{s)
behavior
cytoskeleton involvement, 1025-1050
see also Cell metility/movernent
chemical components, 45-65
carbon compounds, 54-55
small malecules, 55
free energy
information transmissien, 8
inorganic chemical sources (lithotrephic cells),
12, 13FF
light sources (phototrophic cells), 12
from living organisms {organotrophic cells),
12
genome see Genome(s)
isolation, 501-517
rixed suspensions, 502
separation techniques, 502, S03F, 503FF
arigins of life, 400-408
polarization see Polarity/polarization
procaryotes, diversity, 14-15, 14F, 15F
self-reproduction by autocatalysis, 7F
terminal differentiation, 1103
tree of life
archaean cells, 16
bacterial cells, 14F, 15-16, 15F, 25, 25F
eucaryotic cells, 14, 26-32
unit of living matter, 1
universal properties
ATP as energy currency, 8-9
DNA as hereditary information store, 2, 3F
gene families in common, 23, 24T
plasma membrane, $-1C, 10F
proteins as catalysts and executive molecules,
5-6,6F
ribosomal machinery far protein synthesis,

RNA as intermediary in informaticn transfer, 4,
5F
small molecules and fundamental chemistry,
8-9,45-123
vehicle for hereditary information, 2
see also entries beginning cell/celiular; specific
compenents; specific types
Cell adhesion, 1131-1204, 11777
bacterial invasion cf host cells, 1508
cell-cell see Cell-cell adhesicn
cell-matrix see Cell-matrix adhesions
traction for cell movement, 1040-1041
see also Cell adhesion molecules {CAMs); Cell

I:7

juncticn(s); Extracellular matrix (ECM)

Cell adhesion molecules {CAMs), 1177T

cadherins see Cadherin{s)
cell-cell adhesion, 11777

see also Cadherin(s); Cell-cell adhesion
cell-matrix adhesion, 1177T

see also Cell-matrix adhesions; Integrin(s)
ICAMSs, 411, 1146, 1592T
immunoglobulin superfamily, 1145, 1146-1147
integrin superfamily see Integrin(s)
sefectins, 1145-1146
synapse formation and, 1147-1148
T-cell function, 1571
see aiso specific types

Cell-ceil adhesion

assays, 1135
Ca?t role, 1135-1136
cell adhesion molecules, 11777
cadherins, 1133-1150
dendritic cells, 1571
immunoglobulin superfamily, 1145,
1146-1147
integrins, 1134, 1145, 1146
selecting, 1145-1146
cell proliferation and, 1153-1155
heterophilic vs. homephilic binding, 1138F
scaffold proteins, 1145, 1148-1149
selective adhesion, 1139-1140, 1139F, 1140F
selective assortrment, 1149-1141, 1140F, 1141F,
1142F
signaling, 1145
synapse formation and, 1147-1149, 1149F
see aiso Cell junction(s); Cell-matrix adhesions;
Extracellular matrix (ECM)

Cell-cell contact

actin polymerization via Rac, 1047

bone marrow, 1458

capillary sprouting, 1448

see afso Cell-cell adhesion; Cell junction{s)

Cell coat {glycocalyx), 636, 637F
Cell communication, 879-903

adaptation, 902, 920, 920F
autocrine, 881
budding yeast, mating, 880, 880F
carbon manoxide, 889
cell-surface receptors see Cell-surface receptor(s)
contact dependent, 881, 881F
see also Ephrin(s); Notch receptor protein
different responses in target cell types, 885,
885F

andocrine, 882-883, 882F, 883F
see afso Hormenes

evolution, 955

extracellular signals, combinatorial actions, 884,
885F

gap junctions, 884, 884F

nitric oxide, 8B87-889, B38F

paracrine, 881, 882F, 883

plants, 955-962

speed of response, 886-887, 887F

see also Cell junction{s); Neurstransmitter(s);
Recepter(s); Signaling
molecule(s)/pathway(s); Signal
transduction; individual signaling
maolecties and pathways

Cell crawling, 1006, 1008, 1036, 1036F

activities involved, 1036
leading edge, 1040F
see afse Cell motility/movement

Cell culture, 501-517

anchorage dependence, 1175-1176, 1175F
bacterial, cloning vector production, 540, 541F
cells in culture, 504F
definitions, 502-504
historical aspects, 504
mammalian
cell cycle analysis, 1059, 1059F
‘immaortalized; 1052
replicative senescence, 1059, 1107
plant, 504-505, 568
primary cultures, 504
secondary cultures, 504
tissue segregation in, 1140-1141, 1142F
see also Cell lines; Tissue culture

Cell cycle, 554F, 1053-1113, 1054F

analysis
animal embryos, 1057-1058, 1057F, 1058F
BreU fabeling, 285, 285F, 1059, 1059F
CNA microarrays, 1665
flow cytometry, 1059-1060, 1060F
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mammalian cell culture, 1059, 1055F
pregression analysis, 1059
yeast mutants, 1056-1057, 1056F, 1057F
arrest, 1061
abnormal proliferation signals and,
1107-1108, 1108F
DNA damage and, 303-304, 1105-1106,
1106F
Gg phase, 1103
male gametes, 1281
cancer cells, 1107-1108
checkpoints see Cell cycle contrel
chromosame changes, 208-209, 208F, 209-210,
209F
cantrol systems see Cell cycle control
nucleolar changes, 363, 363F
averview, 1054-1060
phases, 208F, 285F, 1054-1055, 1054F, 1055F
G (G zero), 488-489, 489, 1103
alF-2 regulation, 488-489
Gy phase, 285F, 1055, 1100-1101, 1100F
mitagen actions, 1103
G; phase, 285F, 1055
Interphase, 208F, 209, 1055
M phase, 208F, 285F, 1054, 1071
cytokinesis see Cytokinesis
mitasis see Mitosis
see qlso Meiosis
5 phase (DNA synthesis), 285F, 1067-1071
chromatin protein production, 1074
chromosome duplication, 1054, 1067,
1068F, 1069-1070
DNA replication, 284, 285, 1067-1069
histone synthesis, 289-290
labelled cells, 1059F
meiotic, 1090, 1272
sister chromatid cohesion, 1070-1071
timing, 284, 285
see alsc DNA replication
universal characteristics, 1053
start (restriction) paint, 1055, 1061, 1066, 1105
timing, 1056
see also Cell division; Cell growth; Cell
proliferation
Cell cycle control, 177-178, 1060-1067, 1066F
analysis
animal embryos, 1057-1058, 1057F, 1058F
importance, 1053
mammalian cell culture, 1059, 1059F
yeast mutants, 1056-1057, 1056F, 1057F
cancerand, 1216-1217, 1243, 1244F
checkpaints, 505, 1061
defects making cancer cells vulrerable,
1216-1217
DNA damage, 303, 1105-1107
Gz/M checkpoint, 1061, 1062, 1066, 1105
meiotic, 1281
metaphase-to-anaphase transition, 1061,
1066, 1071
spindle assernbly checkpoint, 1088, 1088F
start (restriction point), 1655, 1061, 1066,
1105
cyclical proteoclysis, 1064, 1065F, 1066T
APC/C see Anaphase promoting complex
(APC/Q)
SCF enzyme complex, 1064, 1065F
eucaryctic similarities, 1056
functions, 1060-1061
intracellular triggering of cell-cycle events, DNA
replication, 1067-1069, 1068F
molecular/biochemical switches, 1061,
1065-1066, 1075
regulatory proteins, 1066T
Cdks see Cyclin-dependent kinases (CDKs)
cyclins see Cyclinis)
E2F proteins, 1103-1105
inhibitory phosphorylation, 1063-1064
p53 and, 1105
Rb proteins, 1104-1105, 1104F
ubiquitin ligases see Ubiquitin ligase{s)
see aisa specific proteins
resetting, 1069
as timer/clock, 1060, 1061F
transcriptional regulation, 1065, 1104, 1104F
Cell death
apoptotic see Apoptosis (programmed cell
death)

cell number and, 1102
defective in cancer, 1215-1216
neurons, 1389-1390

see also specific types
Cell determination, 1311-1312, 1312F
combinatorial control, 465-466
Cell differentiation, 411, 454-477
cancer and, 1215-1216
COMmon processes, 412
differing response to extracellular signals, 415,
464
DNA rearrangement, bacterial phase variation,
454-455, 455F
gencme constancy, 411-412, 413F
patterns of gene expression, 412, 464-465, 464F,
465F
see also Combinatorial control
protein differences, 412
specialization, 412
terminal, 1103
see afso Developmental genetics; Gene
expression regulation
Cell diversification, role of Natch, 1362
Cell division, 1053, 1055F
asymmetric, 1099, 1099F
C. elegans embryo, 1323-1324, 1323F
oocytes, 1289-129], 1289F
plant development, 1400
cell death balance, 1102
cell number and, 1102
control, 1101-1112
density-dependent (contact inhibition), 1110,
1110F
DNA damage response, 1105-1107
mitogens see Mitogen(s)
see also specific factors
coordinated growth and division, 1108-1110,
1109F
cytoskeletal role, 966-967, 967F
delay, 1103
density-dependent inhibition {contact
inhibition), 1110, 1233-1234
limits, 1059, 1107
density-dependent, 1110, 1233-1234
see also Replicative cell senescence
plane of, 1095-1097
plant cell(s), 1195
stem cells, 1425
total cell mass contral, 1111-1112
see also Cell cycle; Cell growth; Cell proliferation;
Cytokinesis; Meiosis; Mitosis
Cell doctrine, 579
Cell extracts (homogenates ), 510, 512
Cell fate determinants, asymmetric cell division,
1099
Cell fractionation, 510-512
cell-free systemns see Cell-free systems
cell lysis, 510
chromatography, 512-514
electrophoresis, 517, 518F, 521-522
macromolecule/organelle separation, 510-511,
511F
mitochondria, 817F
ultracentrifugation, 510-511, 510F, 511F, 512F
see afso Protein analysis
Cell-free systems
biclogical process reconstruction, 511-512, 516
cell cycle analysis, 1058, 1058F
cell fractionation, 516
vesicular transport study, 752, 752F
Cell growth, 1053
anchorage dependence, 1175-1176, 1175F
control, 1101-1112
coordinated growth and division, 1108-1110,
1109F
organ growth, 1108
organism growth, 1708
see also Cell cyde; Cell division; Cell proliferation
Cell homogenate(s), 510, 512
Cell junctionis), 1131-1204
anchoring junctions, 1132, 1132F, 1133-1150,
11331, 11357
cell-cell, 1132, 1133-1150, 11337, 1135T
adherens junction see Adherens junction(s)
desmosome see Desmosome(s)
immunoglobulin superfamily, 1145,
1146-1147
selectins, 1145-1146
selective adhesion, 1139-1140, 1139F,
1140F
selective assortment, 1140-1141, 1140F,
1141F, 1142F
signaling, 1145

see afso Cadherin{s)
cell-matrix, 1133T, 1135T, 1169-1178
actin-linked, 1133T, 1134, 11357
focal adhesions, 1170
hemidesmosomes see Hemidesmosome(s)
see afso Integrings)
intermediate filament attachment, 1133T
see afso Cell-cell adhesion; Cell-matrix
adhesions
channel-forming junctions, 1132, 1132F, 1133T,
1158-1164
gap junction see Gap junction(s)
plasmodesmata, 1158, 1162-1163, 1163F
epithelial, 1133-1135
see afso Epithelia
funcrional classification, 1132, 1133T
homaophilic vs. heterophilic, 1137, 1138F
occluding junctions, 1132, 1132F, 1133T,
1150-1158
septate, 1154-1155, 1154F
tight junction see Tight junction(s}
signalrelaying junctions, 1132, 1132F, 1133T
chemical synapse see Chemical synapse(s)
immunological synapse, 1132
transmembrane signaling, 1132, 1133T
transmembrane adhesion proteins, 1134-1135,
1134F, 1135T
cadherin superfamity, 1133-1150
immunoglobulin superfamily, 1145,
1146-1147
integrin superfamily, 1134, 1145, 1145,
1169-1178
selectins, 1145-1146
see also Cell adhesion molecules (CAMs);
specific types
see afso Cell adhesion; Extracellutar matrix (ECM);
specific types
Cell lines
eucaryotic, 505, 506T
hybrid cells, 509F
see afso Hybridomas
immortal, 504F, 505, 506T, 1059
primary vs. secondary, 504
transformed, 505, 506T
see afso Cell culture
Cell-matrix adhesions, 1133T, 1134, 1134F, 1135T,
1169-1178
actir-linked, 1133T, 1134, 11357
CAMs, 1177T
fibronectin and, 1191
hemidesmosomes see Hemidesmosome(s}
see aiso Cell-cell adhesion; Cell junction(s);
Extracellular matrix (ECM); Integrin(s}
Celi-mediated immune responses, 1540,
1540-1551, 1540F, 1569-1589
intracellular pathogens, 1572
transplantation reactions, 1575
see also MHC {major histocompatibility
complex); T cell(s); T cell receptor(s)
Cell memory, 454, 458, 458F, 466
see also Cell differentiation
Cell migration
developmental, 1140, 1140F, 1373-1375
ECM degradation, 1193, 1194, 1194F
external signals/guidance molecules, 1045, 1140
gut epithelial cells, from crypts to villi, 1440F
integrins and, 1170-1171
neuronal, 1385F
see also Cell motility/movement
Cell motility/movement
in animal development, 1363-1378
see gfso Cell migration; Development
contribution of myosin II, 1039F
crawling see Cell crawling
microscopy, 583
protrusion, 1037-1038, 1039F
traction, 1040-1041, 1041F
via actin polymerization, 1037-1039
Cell number, 1102
Cell plate, 1097
Cell proliferation, 1053
abnormal signals, cell cycle arrest, 1107-1108
anchorage dependence, 1175-1176, 1175F
cancer cells, 1107-1108, 1217
DNA tumor virus proteins, 1248, 1249F
see also Cancer
coordinated growth and division, 1108-1110¢
density-dependent inhibition, 1110, 1110F
integrins and, 1175-1176
limitation, telomere length, 293
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requirements, 1244, 1245F
scaffold proteins and junctional complexes,
1153-1155
total celf mass control, 1111-1112
see also Cell cycle; Cell division; Cell growth;
Replicative cell senescence
Cell renewal and turnover
epidermis, 1417-1428
in liver, 1443
mammary gland, 1426-1428
small intestine, 1436-1438, 1436F, 1439
see afso Regeneration; Stem cell(s)
Cell senescence
macrophage scavenging, 787
replicative see Replicative cell senescence
telomere shortening, 293
Cell signaling, 879-974
all-or-nene response, 901
general principles, 879-903
see also Cell communication; Signaling
molecule(s)/pathway(s); Sighal
transduction
Cell size, control, 1109-1110
Cell-surface receptor{s), 881-895, 8B93F, 894F, 936F
enzyme-linked, 956, 958F
G-protein linked see G protein-coupled receptars
(GPCRs)
intraceliular receptors vs, 881, BB1F
ion-channel-linked see lon channel(s)
in NFkB pathway (Toll family), 1530
plants, 956-960
see also individual types
Cell survival
integrins and, 1175-1176
regulation of hemopoiesis, 1462
see afso Cell death
Cell suspension(s), mixed, 502
Cell transformation assay, for oncogenes, 1232
Cellular interactions, mathematical madelling,
35-36, 35F
Cellularization, 1099
Cellulase, protein structure, 529F
Cellulose
control of oriented plant cell expansion, 1406
microfibrils, 1197-1198, 1198F
cross-linking glycans, 1196, 1198, 1198F,
1199T
direction of growth and, 1199-1200, 1199F
structure, 1197, 1197¢
plant cell wall, 1180, 11956, 1197-1198, 1198F,
1199T
microtubules and deposition, 1200-1202,
1200F, 1201F
Cellulose synthase, 1199-1200, 1201
Cell wall{s}
planit see Plant cell wall
procaryotes, 14, 1490F, 1527
CENP-A, 230-231, 232F
Central dogma, 331
Central lymphoid organ, 1541F, 1543, 1543F
Central nervous system (CNS)
apoptosis, 1115-1116
early embryonic origins, 1367F
progenitor cells, 1386F
protein aggregation vulnerability, 397
repair, 1479
see also Nervous system
Central spindle stimulation model, 1096F, 1097F
Centrifugation techniques, 510-511, 510F, 511F,
512F
molecular weight determination, 522-523
sedimentation coefficient, 511, 522
Centriole(s}, 993, 993F, 1076, 1076F
replication, 1078, 1078F
zygote, 1301, 1301F
Centromere(s), 228-230
chromatin structure, 231-233, 231F
heterochromatin, 228-229, 232F
histones, H3 CENP-A variant, 230-231, 232F
memory circuits, 231, 233F
see also Chromatin
chromosome replication, 209-210, 210, 210F,
1076, 1076F
DNA sequence, 210, 229-230
plasticity, 229-230, 230F
structure, 229-230, 229F
Centrosome, 1076, 1076F
center-seeking behavior, 996F
composition, 992
duplication and spindle assembly, 1078, 1078F,

1079
maturation, 1079
microtubules emanating from, 992-996, 993F
rearientation, in cell locomotion, 1046
‘search and capture’ of chromosames, 1082,
1084F
Ceramide, biosynthesis, 744-745
Cerebral cortex, 1386F
homunculus, 1391
neuronal migration, 1385F
somatesensary region, 1392F
Cervical cancer, 1211-1212, 1211F
Cesa {cellulose synthase) genes, 1199-1200
Cesium chloride gradients, 511
CG (CpG) islands, 434, 470-471, 1527
DNA damage, 300-301, 470
evolution, 434, 470
rale in innate immunity, 1530
CGN see Cis Golgi network (CGN)
Ch4 elements, 318T
Chagas' disease, 1509
Chain-terminating nuclectides, DNA sequencing,
550
Channel-forming junctions, 1132, 1132F, 1133T,
1158-1164
see also specific types
Channel protein{s), 652-653
cenformational changes, 653F
passive transport, 653, 654F
see aise lon channel(s); specific types
Chaperones
bacterial, GroEL, 390F
eucaryotic, 388-390, 390F, 715, 716F, 717
mitochendrial protein import, 715, 716-717,
16F

716
protein folding role, 130-131, 388-390
see also specific molecules
Charcot-Marie-Tooth disease, 1048
CheA, 943, 944, 944F
Checkpoints in cell-cycle see under Cell cycle
control
Chemical biology, 527
Chemical bonds, 46-50, 48F, 106F
electron interactions, 46-47
energy carriers, 61, 69F
see aiso ATP {adenosine triphcsphate)
Chemical groups, 107F
Chemical reactions, free energy, 75F
Chemical synapsels), 682, 684
acetylcholine receptors, 684
cell signaling, 882
excitatory, 684
inhibitory, 684
mechanism of action, 683F
see also Neuromuscular junction (NMJ);
Neurotransmitter{s)
Chemiosmotic coupling, 813-814, 814F
ATP production, 817-819, 819F
see also ATP synthesis
bacterial, 839-840, 839F
see also Electren transport chains)
Chemakine(s), 15331534, 1550-1551, 1550F
in inflammatory response, 1453-1454
proteoglycans and, 1183
receptor, HIV binding, 765F
Chemorepulsion, 1140
Chemotaxis, 1045, 1140
bacterial, 941-945, 943F, 945F
growth cone guidance, 1388, 1388F
neutrophils, 1045, 1045F
Chiasma formation, 1274, 1274F, 1276, 1276F
Chick embryo
limb development, 1312-1313, 1313F, 1355
see also Limb buds (vertebrate}
neural development, 1384F
somites, 1372F
Chickenpox virus, 1516-1517
Chimeras, mouse, 1380, 1380F, 1381F
Chimeric proteins, transcription activator proteins,

Chimpanzee(s}, evolutionary relationships, 247,
247F, 248F

Chik1 protein kinase, 1105, 1106F

Chk2 protein kinase, 1105, 1106F

Chlamydia pneumoniae, 1500, 1500F

Chlamydia trachomatis, 1511F, 1512F, 1513

Chlamydomonas, flagella, 1032, 1033

Chloramphenicol, 384, 385T

Chloride channels, 666, 673, 674F

Chlorophyll(s}, 848F
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photochemistry, 847-848, 848F, 849-850, 849F,
850F
see also Photosynthesis; Photosystem(s)
see also Chloroplast(s)
Chloroplast(s), 30F, 840-855
bacterial resemblance, 857, 863
{3 barrel proteins, 635
biogenesis, 856, 856F, B67
biosynthetic reactions, 855
cell-free systems, 511
development, 698, 699F
distribution during cytokinesis, 1098
electron transport see Photosynthetic electron
transpork chaings)
energy intercanversions, 842
evolutionary origin, 29, 31F, 840-841, 859-860,
874, 875F
endosymbiont hypothesis, 859-860, 863-864
maintenance, 868-870
organelle-nuciear gene transfer, 859-860
function, 696
genetic system, 868-B70, B69F
genome, 856-870
copy number, B58
diversity, 857T, 859
evolution, 859-860, §68-870
genes, 863, 864F
gene transfer, 864
higher plants, 863-864, 864F
introns, 863
liverwort, 864F
maternal inheritance, 866, 866F
mutants, 867
replication, 858
variegation and, 866, B66F
see also Non-Mendelian inheritance
glycolysis, 854-855
growth and division, 857-858
lipid synthesis, 867
mitochondria vs., 842-843, 843F
nuclear-encoded tissue-specific proteins, 867
photosynthesis see Photosynthesis
protein import, 719-720, 720F
protein synthesis, 856-857, 856F, 869F
starch granules, 94F, 95, 841, 842F
structure, 713F, 842-843, B42F, 843F
transport, 854-855
see alse Chlorophyll(s)
Chloroquine, Plasmodium falciparum resistance,
666

Cholecystokinin, in enteroendocrine cells, 1437
Cholera taxin, 629, 906, 1492, 1493, 1504
Cholera, transmission, 1491
Cholesterol
biosynthesis, 83F, 743, 744-745, 791
membranes, 620, 623
structure, 620, 620F, 620FF
transport see Low-density lipoproteins (LDLs)
Choline, 114F
Chondroblasts, ECM production, 1179
Chondrocytes, 1468-1469, 1469F
Chondrodysplasias, 1187
Chondroitin sulfate, 1179, 1388
Chondroma, definition, 1206
Chondrosarcoma, definition, 1206
Chordates, 1370
Chordin, 940, 1336
Chromatids see Sister chromatid(s)
Chromatin, 202, 365F
chromatin assembly factors (CAFs), 290
condensation, 243, 286, 288, 1070
see also Chromosome condensation;
Heterochromatin
euchromatin, 220
heterachromatin see Heterochromatin
immunoprecipitation, 431-432, 432F
nuclear sites, 239-240, 239F, 240F, 241F
packing, 243, 244F
remodeling see Chromatin remodeling
structure see Chromatin structure
see glse Chromosome structure; Genome(s);
Nucleosome(s)
Chromatin assembly factors (CAFs), 290
Chromatin remodeling, 215-216, 442-443, 443F
"barrier sequences,” 227-228
“code-writer enzyme,” 226-227, 227F, 228F
complexes, 215, 215F, 343, 344
histones, 216, 216F, 432, 433F
nucleosomes, 216, 432, 433F
position effect variegation, 226-227
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RNA interference (RNAI), 443
RNA polymerase(s), 433
transcriptional, repressor protein-mediated, 445,
446F
Chromatin structure, 211-218, 211-219
30nm fiber, 217, 211F, 212F, 216-218, 217F, 218F,
222
see also Histone(s); Nucleoseme(s)
“beads on a string,” 211, 211F, 212F
centromeric see Centromerea(s)
direct inheritance, 230-234, 232F
duplication during 5 phase, 1069-107¢
effect on replication timing, 285-286
epigenetics, 472
historica} aspects, 220
inheritance, 473-476
see also Heterochromatin
interphase, loops, 234-236, 235F
mitotic chromosomes, 243, 243F, 245
regulation, 219-233
see also Chromatin remodeling; Chremosome
structure
Chrematography, 512-514, 513F, 534F
see also Protein purification; specific types
Chromocenter, Drosophila polytene chromasames,
237F
Chremokinesins, 1077
Chremomeres, 234, 235F
Chroemoplast(s), development, 699F
Chromaosomal crossing-aver see Homelogous
recombination (crossing-over)
Chremosomal instability, 1217
see also Genetic instability
Chromosomel(s), 195-196, 202-205, 554F
aberrant see Chromoseme abnormalities
analysis, 195F, 196, 196F, 202-203, 203F, 203FF,
237FF, 285F, 534, 535F, 590F
see also specific techniques
autosomes, 1271, 1284F
bacterial, 202, 282, 283F 1491F
biclogical functions, 204
evolution, 207, 208F
gene content, 204-205, 204F
see also Genomels)
historical research, 195-196, 196
homologous see Homologous chromosomes
{homalogs)
human, 202, 203F, 203FF
chramosome 3 evolution, 208F
chromoseme 12 translocation, 204F
chremosome 22, 205F, 206T
evoluticn, 207, 208F
gene organization, 205F
mouse vs.,, 249-250, 249F
replication origins, 287-288
replication rate, 283
see afso Human gencme
lampbrush chromosomes, 234, 234F, 1288
mitotic see Mitotic chromosome(s)
packaging, 1069
DNA, 202-218, 202-219
past-mitotic chromosomes, 1090
see alfso Chramatin; Chromosome
condensaticn; Chremosome structure
pelytene chromosomes see Palytene
chromosomels)
puffs, 220-222, 239, 239F
see also Polytene chromosomeis)
rearrangements, 1231
see also Chromosome abnormalities; specific
rearrangements
replication see Chromosome replication
sex chromosomes see Sex chromosome(s}
species differences, 204-205, 205F
structure see Chromosome structure
see also Cytogenetics; Karyotype; individual
chromosomes
Chromosomae abnormalities
analysis see Cytogenetics; Karyotype
cancer, 1215F, 1231, 1254F
meiatic errors, 1278-1279
see also specific types
Chromoseme bands, 202-203, 203FF, 237FF
Chromoscme condensation, 243, 244F, 1075F
ATP hydrolysis, 243
cell cycle variation, 208-209, 208F, 209
chromatin condensation, 1070
chromatin packing, 243, 244F
condensins see Condensin(s)
M-Cdk role, 1071

X-chromosome inactivation see X-inactivation
see also Mitotic chromosome(s)
Chromosome deletion
cancer role, 235F, 1234-1236, 1236F
genome evolution, 246-247
Chromesome duplication
centrasome duplication vs, 1078
S phase of cell cycle, 1054
chromatin duplication, 1069-1070
regulation of, 1067, 1068F
Chromaosome puffs, 220-222, 239, 239F
see also Polytene chromosomets)
Chromosome replication, 208-209, 209-210, 209F,
210F

centromere, 209-210, 210, 210F
chromatin condensation and timing, 285-286
see also Chromosome condensation
control see Cell cycle control
duplication during S phase of cell cycle, 1054
replication origin, 209, 210F
segregation during see Chromosome
segregation
sister chromatids see Sister chromatid(s}
structural changes needed, 1067
telomere, 210, 270F
see also Telomeretls)
yeast, 210
see also Cell cycle; DNA replication; DNA
synthesis; Mitosis
Chromosome segregation
meiotic {homologous chromosomes),
1276-1278
failure (nondisjunction), 1236F, 1278-1279
mitotic, 865, 865F, 1089-1090, 1089F
see also Meiosis; Mitosis; Sister chromatid(s)
Chromosome structure, 554F
cell cycle changes, 208-209, 208F, 209, 243F
see afso Cell cycle; interphase chromosomel(s);
Mitotic chromosome(s)
centromere see Centromere(s)
chromatin see Chromatin
DNA packaging, 202-218, 202-219
global (higher order), 233-245
chromatin see Chromatin
cendensation see Chromosome condensation
loops, 234-236, 234F, 235F
polyteny see Polytene chromosomel(s)
linear, 209-210Q, 209F, 210F
replication and, 209, 210F, 1067
see also Chromaosome replication; Replication
origin(s)
telomere see Telomere(s)
X-inactivation see X-inactivation
Chromosome translocation, 528F
cancer role, 1261
Philadelphia chromosome in CML, 1208,
1208F, 1261, 1261F, 1262F
translocation activating Myc gene, 1239
chromosome 12 and, 204F
DNA repair, homologous recombination, 309
genome evolution, 246-247
Chronic myelogenous leukemia (CML), 1208, 1208F,
1210, 1218, 1261, 1261F, 1262F
Chymotrypsin, 138F, 144F
Cilia, 1031-1034
basal bodies, 1033, 1033F
of epithelial cell apical domain, 806
flagella comparison, 1031
in left-right asymmetry, 1376F, 1377
microtubule arrangement, 1032F
motility, 1031, 1031F
polarity, of beating in respiratory tract, 1435F
primary, 1034
Ciliary {(axonemal} dynein, 1031-1032, 1032F 1033F
hereditary defects, 1033
Ciliated cells, respiratory tract, 1434-1436
Ciliates, 28F
Circadian clocks, 460-462, 461F, 462F
Cis Golgi network (CGN) (intermediate
compartment), 771F, 772, 778F
Cisternal maturation model, of Golgi transpart, 778
Citrate synthase, 122F
Citric acid, 98, 98F, 122F
Citric acid cycle, 97-99, 102F, 817
electron generation, 817
pathway, 98F, 122-123FF, 122F, 123F
Clamp loader, 274, 275F, 276F
Classical genetics see Genetics,classical
Class switching, 1567-1568
B cell activation, 482-483

VIDJ recombination vs., 1568
Clathrin coat(s), 751, 754-755, 755F, 756F
see also Clathrin-coated pit(s); Clathrin-coated
vesicle(s)
Clathrin-coated pit(s), 743F, 790F
LOL endocytosis, 791-792, 791F, 793F
pinocytosis, 789-790, 785F
Clathrin-coated vesicle(s), 751, 754, 754F, 755F,
758F

adaptin, 756F
cargo receptors, 754-755
formation, 755-757, 756F
pinching-off, 754-755, 756F, 758F
regulation, 795
structure, 755F
vesicular traffic, 754F
Clathrin, structure, 754, 755F
Claudins, 1153
CLAVATA 1, 957F
Clavatal protein, 1410, 1410F
CLAVATA 3, 956, 957F
Clavata3 protein, 1410, 1410F
Cleavage and polyadenylation specificity factor
{CPSF), 357-358, 357F
Cleavage furrow, 1093, 1093F
Cleavage stimulation factor F (CstF),
pelyadenylation, 357-358, 357F,
482-483
Clonal anergy, 1548, 1548F
see afso Immunotogical tolerance
Clonal deletion, 1548, 1548F
see afso Immunological tolerance
Clonal expansion, 1546
Clonal inactivation, 1548, 1548F
Clonal selection theory, adaptive immunity, 1544,
1545F
Cloning, 507-508
DNA cloning see DNA cloning
reproductive see Reproductive cloning
therapeutic, 507F, 508
vectors (DNA) see under DNA cloning
Cloverleaf structure, tRNAs, 368, 368F
Cluster analysis of gene exprassion, 575, 575F
CLV1 (CLAVATA 1), shoot meristem, 957F
CLV3 (CLAVATA 3), 956, 957F
Coactivator(s), 445, 447F
Coat coloration, maternal effects, 474, 474F
see also X-inactivation
Coated vesicle(s), 751, 754
formation
ARF-proteins, 759
coat-recruitment GTPases, 759-760
Sarl protein, 759
vesicular transport, 751, 754, 754F
see also specific types
Coat-recruitment GTPase(s), 758-760
see also GTP-binding proteins {GTPases)
Coanxial stack, RNA structure, 403F
Cocci, 1490F
Cockayne’s syndrome, 300
Code reader complex, 225-226, 225F
“Coding problem,” 367
Codons, 6, 367, 367F, 368F
Candida CUG codon, 383
initiation codon, 367F, 380, 489-491
mitochondrial genome, 861-862
redundancy, 246-247
stop codans, 367F, 381
synonymous, 247
wobble, 369, 369F
see alsa Anticodon(s)
Coenzyme A (CoA), 83-84, 83F, 84T, 117F
see afso Acetyl CoA
Coenzyme Q, 831, 832F, 835
Coenzymes, 167, 1677
see also specific types
Cofilin (actin depolymerizing factor), 994F, 1001,
1002F
lamellipodia, 1038F
nuclectide hydrotysis, 1002
Cohesin(s), 1070-1071, 1087, 1272
N-terminal degradation, 395
structure, 1070F
Coiled-coil motif, 135, 135F, 145, 349F
Cailin, nudear localization, 365F
Co-immiunoprecipitation, 458, 523
Colchicine {colcemid), 987, 988T, 1021
Collagen(s}, 1131, 1184-1186, 1186T, 1467
in bane, 1469
degradation, 1194
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fibril-associated, 1185, 1187-1189, 1189F
fibrillar vs,, 1188-1189
fibrillar, 1184-1189, 1186T
fibril-associated vs, 1188-1189
genes, 1184-1185
evolution, 1185-1186
mutations, 1187
structure, 144F, 146F, 1184, 1185F
fibrils, 1185, 1185F, 1187, 1187F, 1189, 1189F
fibrous protein, 146
post-translational modification, 1186, 1187F
synthesis, 1186
collagen fibrils, 1187, 1188F
pro-oe chains, 1186
procollagen, 1186, 1187
propeptides, 1186
tensile strength, 1187-1188, 1189
type |, 1185, 1186T, 1187
type Il, 1186T, 1187, 1469
type lll, 1186T, 1187
type IV, 1165, T166-1167, 1167F, 1168, 1185,
11861
typeV, 11867
type Vll, 1185, 1186T
type IX, 1185, 1189, 1189F
type X1, 1186T
type Xl 1185, 1189
type XVII, 1185, 1186T
type XVIII, 1165, 1185, 11861
Collagenases, 1194
Colloidal gold, electron microscopy, 606
Colon cancer see Colorectal cancer
Colorectal cancer, 1250-1255, 1352F
detection and screening, 1251-1252
genetic abnormalities, 1251-1253, 1252T, 1428
heterogeneity, 1256
mismatch repair defects, 277, 295T, 1254
sequence of mutations, 1255, 1255F
steps in progression, 1250-1252, 1254-1256,
1352F
Columnar epithelia, 1133, 1150-1151
Combinatorial control, 425
cell determination, 465-466
cell differentiation, 464-465, 465F
complex formation, 447, 447FF
Drosophila Eve gene, 448-450, 449F
heterodimerization, 424-425, 425F, 425FF
promoter integration, 449-450, 450F
Combinatorial diversification, antibody chains,
1563
Combinatorial regulation, microRNA (miRNA),
94-495
Combustion, 820F
Commissural axon(s), 1388, 1388F
Commissureless protein, 1389
Common cold, 1518
Common evolutionary ancestor, 862
Compact bone, 1470F
Compaction, 1379, 1379F
Compaction ratio, DNA packaging, 210-211
Comparative genomic hybridization (CGH), tumour
cell identification, 1239, 1239F
Comparative genomics, 22, 207, 245-260
human vs chimpanzee, 247, 248F
human vs mouse, 249F
phylogenetic footprinting, 431, 431F
phylogenetic tree creation, 247, 247F
Compartment(s), 1352-1355, 1352F
compartmentalization of cell, 695-704
of imaginal discs, 1352, 1353-1354
intracelluiar see Intracellular compartments
Competition
between axons for synaptic territory, 1393-1394,

sexual reproduction and, 1271-1272, 1271F
Complementary DNA see cDNA
Complementation, 528F
Complementation tests, 528F, 558
Complement-binding co-receptor complex, 1596
Complement system, 1542

activation, 1528-1529, 1528F

adaptive immunity, 1551-1552, 1596, 1596F

C3 activation, 1528

C3b and C3a, 1528-1529

cascade, 1528-1529, 1528F

early components, 1528

Ig activation, 15577

late components, 1529F

lesions in red blood cells, 1529F

membrane attack complex, 1529, 1529F

phagocytosis, role, 788
Complex oligosaccharide(s), 773-775, 774r
Complex traits, 563
Concentration gradient, 653
Condensation, chromosomes see Chromosome
condensaticn
Condensation reactions (macremolecule
polymerization), 84-87, 85F
suqars, 56, 57F
Condensin(s), 243, 244F, 245F, 1075
Conditional mutation, 528F
temperature-sensitive, 557, 557F, 1057, 1057F
Cones (cone photoreceptars), 1432, 1432F
Cenfocal microscope, 591F
Cenfocal microscopy, 590-592, 591F, 592F
Cenformational changes
allosteric regulation see Allosteric regulation
cadherins, 1138
EF-Tu elongation factor, 180-187, 181F, 377
integrins, 1170-1172, 1172F
ion channel(s), 668F
motor protein(s), 1016-1019
negative feedback (feedback inhibition}, 171,
172F
pricn protein (PrP), 397F, 398
ribozymes, 404, 406F
tryptophan repressor, 433-434
Congenital abrormality, DNA repair defects, 285T
Connective tissue, 1131, 1132F, 1178F
basal lamina and see Basal lamina
cells, 1467-1474, 1467F
differentiation, 1468-1470
types, 1467, 1467F
see also individual ceil types
collagen see Collagen(s)
extracellular matrix, 1178-1195
cell differentiation influence, 1468-1470
see afso Extraceliular matrix (ECM)
see also Epithelia
Cennexin-26, 1161
Connexins, 1159-1161, 1160F, 1290
Connexons, 1159-1161, 1160F
Consensus sequences
palyadenylation signals, 357, 357F
promnoter elements, 338-339, 338F
RMA polymerase start sites, 342F
splicing signals, 349, 349F
Conservatian, evoiutionary see Evolutionary
conservation
Conservative site-specific recombination, 316, 324
gene control mechanism, 325-326
reversible DNA rearrangement, 324, 324F, 325F
transgenic applications, 325-326, 326F
Conserved synteny, 207, 208F
Constant domain, ig heavy chain, 1559F, 1560F
Constitutive secretory pathway, 800, BCO1F
see alse Exocytosis
Contact-dependent signaling, 881, 881F
see afso Ephrin(s); Notch receptor protein
Contact guidance, 1140, 1387-1388
Contact inhibition, 1110, 1110F, 1233, 1234F
Contractile bundles, 1006-1007, 1007F
see also Actin/actin filaments
Contractile ring see Cytokinesis
Cenvergent extension, 1368, 1369F
Coamassie blue, protein staining, 517, 518F
Cooperativity (protein interactions)
allosteric transitions, 173-174, 173F, 174F, 175F
see also Allosteric regulation
DNA replication fark, 273, 274F, 276
hemoglobin, 25€, 256F
COPI-coated vesicle(s), 751, 754, 754FF
COPll-coated vesicle(s), 757, 754F, 759F, 767, 767F
Copia element, 318T
Copy number variation, 258
genome evolution, 259-260, 259F
Co-receptor, T cell, 1580-1581, 1580T, 1581F
Corepressor{s), 445, 447F, 457-458, 458-459, 458F
see also Cooperativity (protein interactions)
Corn see Maize
Corneal tumor, angiogenesis, 1448, 1448F
Coronaviruses, 1496F
Corral(s), membrane partitioning, 647, 648F
Cortical reaction, 1299, 1300, 1300F
Corticotropin (ACTH), 803F
Cortisc), 463, 889, 885F
gene expression regulation, 463
receptor, 831F
Costal2 protein, 951
Costimulatory signals
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antigen-presenting cells, 1542F, 1571, 1572F,
1593F
see also B7 proteins; CDA0 ligand
dendritic cells, 1571
lymphacyte activation, 1548
Coupled reactions see Reaction caupling
Covalent bonds, 47, 48-50, 50, 51F, 106F
bond iength, 48, 53T
bond strength, 48-49, 53T
dipoles, permanent, 50
geometry, 49, 50F
ionic bends vs., 48F
phosphate
bond energies, 33F
phosphoanhydride bonds, 61, 93F
phosphodiester, 61-62, 93F
see also individual types
Covalent medification of proteins, 186-187, 186T
see giso Posttranslational modification; specific
types
CpG motifs see CG {CpG) islands
CPl, B-Globin gene expression, 451F
CPSF {cleavage and polyadenylation specificity
factor), 357-358, 357F
Cranial sensary ganglia, 1384F
CRE {Cyclic AMP response element), 908
Creatine phosphokinase, myoblast specialization,
464

CREB (CRE-binding protein), 908, 908F
CREB-binding protein (CBP), 908, 908F
C region exans, antibody genes, 1562, 1563FF
Cre/Lox system, 567-5568, 1348, 1444
Creutzfeldi-Jacob disease {CID}, 397-398
Crick, Francis H.C,, 196
Critical period, 1396
Cro repressor, 142, 142F, 421F, 457-458, 458F
see also Lambda repressor
Cross-beta filamants, 397, 397F
Crossing-over see Homologous recombination
{crossing-over)
Cross presentaticn, antigen presentation, 1584
Cross-strand exchange see Holliday junctions
Cress-talk, prevention between MAP kinases, 930
Crumbs complex, epithelial apico-basal polarity,
1156, 1157F
Cryoelectron micrescopy, 610
Cryptdins, 1437
Cryptic splicing signals, 352, 352F, 355, 355F
Cryptochrome, 961
Crypts of Langerhans, 1526F
Crypts, of small intestine, 1436, 1436F, 1441F
Crystallization, proteins, 528
Crystallography
electron, 611-612
A-ray see X-ray crystallegraphy
CstF (cleavage stimulation factor F), 357-358, 357F,
482-483
CTCF protein, 470F
C-terminal domain ({CTD), RNA polymerase I,
341-342
CTLA4, B7 binding, 1591-1582
CTLA-4 protein, T-cell regulation, 1592T
CTX¢ bacteriophage, 1492F
Cubitus interruptus (Ci) protein, 571, 952F
Culture, cells see Cell culture
Cut-and-paste transposition, 319F, 320F
see also DNA-only transposons
CXCR4, 1375, 1505-1506, 1505F
Cy3 fluorescence, 587, 587F
Cy5 fluorescence, 587, 587F
Cyanide, cytochrome oxidase binding, 834
Cyancbacteria
evolutionary significance, 873-875
photosynthesis, 827F, 840
in tree of life, 16F
Cyclic AMP (cAMP), 117F, 205-909, 906F, 907F,
07T
pacterial toxin action, 1503
cyclic-AMP-gated cation channels, 917
gene activation by, 909F
regulation, G protein, 905-906
regulation of PKA, 908, 908F
synthesis and degradation, $05-906, 907F
Cyclic-AMP phasphodiesterases, 906, 907F
Cyclic-AMP response element (CRE), 908
Cyclic GMP [(cGMP)
cyclic-GMP-gated Na* channel, 917
photoreceptors, 917-918, 917F
response to NO, 887, 888F
Cyclic-GMP phosphodiesterase, 918

Page numbers in boldface refer to a major text discussion of the entry; page numbers with an F refer to a figure, with an FF to figures that follow consecutively;
paae numbers with a T refer to a table: vs means compare/comparison
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Cyclic-nucleotide-gated ion channels, 916, 917
Cyclic photophosphorylation, 853
Cydin(s), 1062
APC/C and, 1087
Cdk complexes see Cyclin-Cdk complexes
cyclical changes, 1062, 1063
Gy-cyclins, 1062
G1/5-cyclins, 1062
gene expression, 1101
M-cyclins, 395, 1062, 1064, 1074, 1087, 1101
S-cyclins, 1062, 1064, 1087
signal integrating device, 177-178, 177F
vertebrates, 1063F
yeast, 1063F
Cyclin-Celk complexes, 177-178, 177F, 1062, 1062F,
1063F
CKl binding, 1063-1064
Gy-Cdk, 1062, 1066, 1103-1105
(y/5-Cdk, 1062, 1056, 1103-1105
M-Cck, 1062, 1066
activation by dephosphorylation, 1074-1075,
1074F
entry inte mitosis, 1071, 1074
microtubule dynamics and, 1080
spindle assembly role, 1078-1079, 1079F,
1080
mechanism of action, 1062-1063, 1062F
S-Cdk, 1062, 1066, 1067-1069, 1068
see also Cyclin{s); Cyclin-dependent kinases
dks)
Cyclin-dependent kinase-activating kinase (CAK),
1063, 1063F, 10661
Cyclin-dependent kinase inhibitory prateins (CKls),
1063-1064, 1064F, 1066T, 1101
Cydiin-dependent kinases (Cdks), 1062-1063
activation by dephosphorylation, 75F, 177, 1063,
1063F, 1066T, 1074-1075, 1074F
cyclical changes in activity, 1062
cyclin complexes see Cyclin-Cdk complexes
evolution, 177F
G/M checkpoint, 1062
inactivation/inhibition
G, phase, 1100-1101
phosphorylation, 1063-1064, 1064F, 1066T
regulation, 177-178, 177F
vertebrates, 1062, 1063F
yeast, 1062, 1063F
see also Serine/threanine kinases; specific kinases
Cycloheximide, 384, 365T
Cyclostome see Anaphase promoting complex
{APC/C)
Cys—Cys-—His--His zinc finger proteins, 422F
Cysteine, 101, 129F
Cystic fibrosis, 560, 666, 768
Cystic fibrosis transmembrane conductance
regulator protein (CFTR), 666
Cystinuria, 652
Cytochalasin, 988T
Cytochrome(s}, 829, 831, 832-833, 833F, 852F
see also individual cytochromes
Cytochrome bg-f complex, photosystem |I, 851,
852F

Cytochrome bsg;, structure, 137F
Cytochrome b-¢; complex, 832, 833F
proton pumping, 835
Q-cycle, 835-836
structure, B36F
Cytochrome ¢, 833F
apoptosis, 1118, 1121, 1121F, 1122F
mutation rate, 265
structure, 144F
Cytochrome oxidase complex, 832, 833F
essential nature, 834
iran—copper center, 834
mammalian, 834
oxygen reduction, 832-834, 833F
peisoning, 834
structure, 833F, 834, 834F
Cytochrome P-450 oxidase, carcinogen activation,

Cytogenetics, 202-203, 203F, 203FF, 204F
Cytokine(s)

antagonists, viral-encoded, 1534

dendritic cells, 1413F, 1592-1593

inflammatory response, 1533-1534

T cells, 1582

see also Interleukinis); specific molecuies
Cytokinesis, 1054, 1055, 1055F, 1073F, 1092-1101,

93F
asymmetric, 1099, 1099F

cleavage furrow, 1093, 1093F
contractile ring, 1093F
actin and myosin [l as force generators,
1093-1094
see also Actin/actin filaments; Myosin
assembly, 1093-1094, 1093F
dynamic behavior, 966
RhoA role, 1094-1095, 1095F
site of assembly, 1097
midbody, 1094, 1094F
mitotic spindle and plane of division in animal
cells, 1095-1097
astral relaxation model, 1096-1097, 1096F
astral stimulation model, 1096, 1096F
central spindle stimulation model, 1096,
1096F, 1097F
organelle distribution, 1098
phragmoplast role in higher plants, 1097-1098,
1097F, 1098F
plasma membrane enlargement, 805
timing, 1095
see aiso Mitosis
Cytolytic effects, of viruses, 1496
Cytomegalovirus (CMV), MHC class | protein
translocation inhibition, 1536
Cytoplasm, 74-75, 75F, 696
division of see Cytokinesis
egq (ovum), 1287
strands in plant cells, 782F
see also Cytosol; specific components
Cytoplasmic bridges, 1290, 1290F, 1294, 1296F
Cyteplasmic dyneins, 1014
Cytopiasmic inheritance see Nan-Mendelian
inheritance
Cytoplasmic tyrosine kinases, 935
Cytosine, 116F, 197, 301F
base-pairing, 198F
C-to-U editing, 484
deamination, 296, 297F, 298F, 301F
RMA structure, 332
Cytoskeletal filaments, 647, 648F, 965-1053
assembly/formation
drug-induced changes, 987-98%9, 9887
kinetics, 973
nucleation, 973, 978F, 992
rate of subunit addition, 977
self-assembly, 965-991
subunits, 970-971
see also Actin polymerization
behavior, 966-369
capping, 1003, 1003F
cross-linking, 1001, 1005-1008
dynamic behavior, 965-921, 1002-1003
eiongated, 972F, 976
nucleation regulation, 292-1010
organization, 1005-1008
stabilization, 1001-1002
subunit stoichiometries, 1002-1003
see also Actin/actin filaments; Intermediate
filament(s); Microtubule(s)
Cytoskeleton, 26, 965-1053, 965F
cell junction attachment, 1131, 1142, 1142F
cellular polarity, 969, 1044
function, 965
helical filaments, 143, 145
influencing cell behavior, 1025-1050
integrin attachment, 1170, 1170F
intracellular anchor proteins, 1142
motor proteins see Moter protein(s)
pathogen utilization, 1514-1517
properties, 965
Rho proteins, 1041-1043
RNA localization, 1022-1023
spectrin {membrane cytoskeleton), 646, 647F
stability, 969
see also Actin/actin filaments; Cytoskeletal
filaments; Intermediate filament(s);
Microtubulels); specific components
Cytosol, 696
pH regulation, 657658, 661-662
volume, 6977
Cytotoxic T-cells (T¢}, 1535, 1560-1561,
1572-1573, 1581-1582
activation, helper T-cells (Ty), 1574-1575
antigen presentation, 1581-1582, 1583F
helper T-cells vs., 1584
D8 co-receptar role, 1580-1581, 1581F, 1586
cell killing mechanism, 1572-1573, 1573F
interferon-y effects, 1592
selection in thymus, 1585-1586, 1587F

transfer experiments, 1581F
virus-infected cells, 1581F
see glso CD8 T-cell(s)

D

Dac (dachsund) gene, 466F
Dachsous, planar cell polarity, 1158
Dally/Dally-like genes, 1184, 1184T
Dalton, definiticn, 45
DAN enzyme, 492F
DAP! fluorescence, 587F
Darkfield microscopy, 583
Databases, 530-531
Daz gene/protein, spermatogenesis regulation,
1265-1296
DCC receptor protein, 1388, 1388F
Deadenylation-independent mRNA decay, 492,
492F
Deadenylation-mediated mRNA decay, 492, 492F
Deafness, connexin-26 mutations, 1161
Deamination, 296, 297F, 3G1F
DNA methylation role, 300-301, 301F
hypoxanthine production, 300, 301F
inosine production, 369, 369F, 484, 484F
5-methylcytesine, 470
mutagenesis mechanism, 298F, 300-301
Death (of cells} see Cell death
Death inducing signaling compiex (DISC),
apoptosis, 1120, 1120F
Death recentor(s), apoptosis, 1120-1121, 1120F
Decapentaplegic (Dpp) gene, 1335
Decapentaplegic protein {Dpp), 1335, 1335F, 1353,
1353F
Decapping, 492
Decorin, 1181-1182, 1182F, 1184T
Default pathway, 800, 801F
see also Exocytosis
Defensins, 1525-1526, 1533
Degradation signals, protein(s), 396F
Dehydrogenation reactions, 71F, 72
Delayed K* channel(s), 689
Deletion cassettes, yeast mutagenesis, 570
Deletions, chromosomal see Chromasome deletion
8 chain, T-cell receptor, 1571
Delta G (AG) see Free energy change Delta & (AG)
Delta-Notch signaling see Notch signaling pathway
Delta protein
C. elegans early embryo, 1324
Drosophiia sensory bristle develaprment, 1359
lateral inhibTtion, 946-947, 947F, 1358FF
see also Notch receptor protein; Notch signaling
pathway
Denaturation, protein, 130
Dendrite(s), 1047, 1050F, 1386-1387, 1387F
microtubule orientation, 1049
neuronal cemputation, 688F
neurosignaling, 675
Dendritic cells, 1533, 1542, 1571-1572, 1571F
activation, 1571, 1590-1591
cell-cell adhesion molecules, 1571
co-stimulatory proteins, 1571
distribution, 1571
functions, 1542, 1542F, 1593F, 1594
maturation, 1571
MHC expressicn, 1571, 1590
NQOD proteins, 1536
nonactivated, 1571
pattern recognition receptors, 1536, 1571
phagocytosis, 787, 1452
self-reactive T-cell elimination, 1591
Toll-like receptors (TLR), 1531, 1534
De novo DNA methyltransferases, DNA methylation,
457
Dense-core vesicles see Secretory vesiclels)
Density gradient centrifugation, 511, 512F, 522
Deoxyribenucleic acid see DNA
Deoxyribonucleoside triphosphates (dNTPs), 266,
268F
Deoxyribose, 116F, 332F
Dephasphorylation, 176, 176F
see also Protein phosphatase(s)
Depth of field, electron microscopy, 606, 608
Depurination, 296, 297-298, 297F, 208F, 299F
Dermal papillae, 1422F
Dermatan sulfate, 1179
Dermis, 1418, 1418F, 1477
Desensitization see Adaptation
Desert Hedgehog protein, 950
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Desmin, 985T, 987
Desmocollins, 1136, 11387
Desmogelins, 1136, 11387
Desmosome(s), 1134, 1134F, 11357, 1143-1144,
1144F 1177T
keratin filaments, 986
Desmotubule, 1162
Detergent(s), 517, 517F, 638F, 639F
ionic vs. nanionic, 636
membrane protein solubility, 636-640
see also specific detergents
Determination see Cell determination
Detoxification reactionis), smooth endoplasmic
reticulum, 725
Development, 1305-1320
asymmetric cell division, 1099, 1289-1290,
1289F, 1313-1315, 1314F
C. elegans see Caenorhabditis elegans
development
cell determination, 1311-1312, 1312F
cell fate, 1311-1312
cell lineage tracing, 1310-1311,1311F
cell memory, 1305, 1312, 1315
cell migraticn, 1140, 1140F
cleavage of egg, 1307
descriptive embryclogy, 1310
Drosophila melanogaster see Drosophila
development
epithelial folcding, 1142, 1143F
epithelial-mesenchymal transiticns, 1141
evolutionary conservation among animals,
1306F, 1307
experimental embryology, 1310, 1310F
four essential processes, 1305, 1306F
gap junctions, 1161
genetics see Developmental genetics and gene
requlation
germ layers and gastrulation, 1307, 1307F
inductive interacticns and signals, 1310, 1313,
1313F, 1316T
lateral inhibition, 1314, 1315F
mitosis in absence of cytokinesis, 1099-1100
model organisms, 1311
morphogens and gradients, 1316-1317, 1318F
mouse see Mouse development
nervous system, 1383-1397
see afso Neuron(s), development
plants see Plant development and growth
positional contrals, 1111
positional values, 1312-1313, 1312F, 1313F
regulatory DNA defines program, 1309,
1309-1310, 1309F
sequential induction, 1319, 1320F
timekeeping, 1319-1320, 1320F
total cell mass, 1111
vertebrates see Vertebrate development
Xenopus laevis see Xenopus laevis development
see also Embryo(s)/embryogenesis; Signaling
molecule(s)/pathway(s); individual
organisms and processes
Developmental genetics and gene regulation,
450-451, 451F, 1308, 1309
cell differentiation, 464-465, 465F
cembinatorial gene control, 4644695, 465F
Drosophila see under Drosophiia development
genes specially required, 1308
genetic screens, 1308
organ formation, 465-466, 466F
regulatory DNA defines program, 1308,
1309-1310, 1309F
transcriptional synergy, 464
see also Cell differentiation; specific genes
Diabetes mellitus type 1, 1549
Diacylglycerol, $10
Diakinesis, 1275, 1276
Diapedesis see Lymphocyte(s)recirculation
Diarrhea
bloody, in dysentery, 1491
enteropathogenic F. coli, 1504
Salmonella enterica spread, 1518
spread of infection, 1487-1488
Dicer protein, RNA interference (RNAI), 496
Dickkopf protein, 1316T
Dictyostelium, 16F
chemotaxis, 1045

myosin | and Il lecalization in crawling amoeba,

1041, 1041F
Dideoxy DNA sequencing, 549-550
Didinium, 28F
Dietary reguirements, nitrogen, 101

Differential-interference microscopy, 583
see also Phase-contrast microscopy
Differentiation of cells see Cell differentiation
Giffraction patterns, 528, 528F
Diffusion-limited enzyme catalysis, 163, 163T, 169
Diffusion, random nature, 74, 75F
Digesticn, 88, 1436
see also Lysosome(s)
Dihydrofolate reductase, cancer treatment, 1260
Dihydrouridine, tRNA modification, 368F, 369F
Dihydroxyacetone, 112F
Dibydroxyacetone phosphate, 120F
Dimer formation
DMNA damage, 296, 298F
proteins, 142F
see also DNA-binding proteins
Dimethylbenz{alanthracene (DMBA}, 1226, 1238
2, 4-Dinitrophenal, 836
Dinitrophenyl, 1545, 1545F
Diploid cells
classical genatics, 554F
sexual reproduction, 1269, 1270F
see also Meiosis
yeast life cycle, 34, 34F
Dinlotene, 1275-1276, 1280, 1288
Dipoles, covalent bonds, 50
Disaccharides, 56, 57F, 113F
Discs large (Dlg) protein, 1148-1149, 1148F 1154
Dishevelled gene/pratein, planar cell polarity, 1158,
1359
Disintegrins, 1193
Dislocation, proteins see Retrotranslocation,
misfolded proteins
Disscciation constant (Kq), 158F
Dissociation rate, 158F, 526
Distal-less gene, 1351, 1351F, 1355
Disulfide bonds
amine acids, 129F, 147-148
electrophoresis, 518F
protein stability, 147-148, 147F
Diurnal rhythms, 460-462, 467F
see aiso Circadian clocks
Divergence {evoluticnary}
mutation rate analysis, 264
phylogenetics, 247, 247F, 248F
see also Gene duplication(s)
“Diverse animalcules,” Leeuwsanhoek, Anton van,
501F
Divisional asymmetry, in stem celi production,
1421, 1421F
DMBA (dimethylbenz[alanthracene), as mutagenic
chernical carcinogen, 1226, 1238
DNA (deoxyribonucieic acid), 3, 3F
amplification via PCR see Folymerase chain
reaction (PCR)
anzlysis, 532-553
bending see DNA bending
catenation, 10771
cell macromolecule, 62F
chemical synthesis, 548
chromatography, DNA-binding proteins,
428-429, 429F
cloning see DNA cloning
compaction, 210-211
complementary see cDNA
damage see DNA damage
fingerprinting, 546, 547F
heiix-passing reaction, DNA topoisomerase li,
281F
historical research, 195-196, 165-197, 329
identification as genetic material, 195196,
196F, 197, 198F
Streptococcus pneumoniae experiments, 196F,
198F
structure elucidation, 195-196, 196, 197, 329
hybridization see DNA hybridization
information coding, 199-200, 329, 330F, 331
DNA makes RNA makes protein, 331, 331F
relation to proteins, 199-200, 199F
as universal information stare, 2, 297, 408
see also DNA sequence; Genetic code;
Gencome(s)
labeling, 534
finker, 211
lecation, 200-207, 201F
see giso Nucleus
maintenance, 263-265
failure, 263, 265, 1212
see giso Cancer; DNA damage; Mutation{s}
genome evolution, 246-247

1113

see also DNA repair
manipulation see Recombinant DNA technology
noncoding see Noncoding DNA
packaging, 202-218B, 202-219
chromatin packing, 243, 244F
see also Chromatin; Nucleosomeds)
compaction, 210-211
see also Chromaoasome(s); Chromosome
structure
polarity, 3F
protein interactions see Protein-DNA
interactions
recombination see Recombination
regulatory see Regulatory DNA
repair see DNA repair
repeats see Repetitive DNA
replication see DNA replication
struciure see DNA structure
synthesis see DNA synthesis
telomeric, 210
see afso Telomere(s)
templated polymerization, 3-4, 3F
thermal stability, 296
unwinding
replication, 273, 273F
transcription, 333
seealso entries beginning DNA
DNA array(s) see DNA microarray(s)
DNA bending
nucleosome-DNA interactions, 214F
proteins, enhancesome formation, 446, 447F
see afso DNA-binding proteins
DNA-binding dyes, cell cycle analysis, 1059
DNA-binding motifs (proteins), 416-454
B sheet motif, 422, 423F
DNA-binding homeodomains, paired domains,
141
gene regulatory proteins, 418-419, 418T
hetix-loop-helix motif, 425-426, 426F
helix-turn-helix motif, 419-420
hemeodomain, 420-421, 421F
see also Homeodomain proteins
recagnition helix, 419, 420F
structure, 419, 420F
leucine zipper motif, 423, 424F
protein-DNA interaction, 417, 418-419
base-pair recognition, 417, 417F
see also DNA structure
zinc finger motifs, 421-422, 422F, 423F
see glso Protein-DNA interactions
DMNA-binding proteins, 427F
binding site prediction, 426
dimerization, 420, 420F, 422
Cro repressor, 142, 142F
functional role, 423
heterodimerization, 424-425, 425FF
homodimerization, 424, 425F
DNA-binding motifs see DNA-binding motifs
DNA structure relationship, 416-417, 417F, 419
see also DNA structure
helix-turn-helix proteins, 420-421, 420F
homeodomain proteins see Homeodomain
proteins
histones see Histone(s)
leucine zipper proteins, 423, 424F, 425F
major groove-binding, 423, 424F
minor groove-binding, 423, 424F
sequence-specific, 430F
affinity chromatography, 428-429, 429F
chromatin immunoprecipitation, 432, 432F
DNA sequence determination, 429-431, 430F
gel-mobility shift assay, 427428, 428F
zinc finger interactions, 427F
$5Bs see Single-strand DNA-binding proteins
(5SBs)
zine finger proteins, 421-422, 422F, 423F
see also DNA replication; Gene regulatory
protein(s); Protein-DNA interactions
DnaB protein, 283F
DNA catenation, 1071
DNA cloning, 532, 540-541
cloning vectors, 540-541, 541FF, 542F
genomic library production, 540-541, 542F
ligation reaction, 540, 541F
restriction fragments, 540
reverse genetics, 575
see also cDNA; DNA libraries
DnaC protein, 283F
DMA crosslinks, 295T, 296, 297F
DNA damage, 296, 296F, 297F
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agents causing see DNA-damaging agents
apoptosis, 1106, 1117
ATM/ATR signaling pathway, 1105
bulky lesions, 298
cancer and, 1216-1217, 1225, 1246
see afso Carcinogens; Mutation(s)
cell cycle and, 303-304
checkpoints, 303, 1105-1107, 1106F
cross-linking, 296, 297F
failure to repair, 1106
see also Cancer; Mutations)
repair see DNA repair
replication, 296, 298F
see afso Mutation(s)
spontaneous alterations, 296, 296F
see afso specific types
see afso DNA repair
DNA-damaging agents
carcinogens see Carcinogens
ionizing radiation, 300-301
see also Ultraviolet {UV) radiation
sensitivity, DNA repair defects, 295T
see atso Mutagenesis
DNA-DNA interactions, 306F
hybridization see DNA hybridization
DNA duplication(s)
chremosomes see Chromosome duplication
exon recombination, 257
genes see Gene duplication(s)
genome evolution, 246-247
whole genome, 38-39, 39F, 255
DNA axcision, site-specific recombination, 323, 324,
324F

DNA fingerprinting, 546, 547F
DNA footprinting, 429-431, 430F
DNA glycosylases, 297-298

mechanism, 295F

recognition of DNA damage, 300-301, 300F
DnaG protein, 283F
DNA helicase(s), 273, 274F

assay, 273F

defects, 295T

DnaB protein, 283F

inhibition, DnaC protein, 283F

mechanism of action, 273, 282, 283F

TFIiH transcription factors, 340-341
DNA-helix-passing reaction, DNA topoisomerase I,

281F

DNA hybridization, 306
chromosome paints, 202-203
DNA-RNA hybridization, 535-537, 538F
Northern blotting, 538-539, 539F
helix nucleation, 306F
hybridization conditions, 535-536, 537F
model of recombinational base-pairing, 306F
noenpairing interactions, 306F
recombinant DNA technology, 532
Southern blotting, 539-540, 539F
see also DNA probe(s)
DMA labels, 534
DNA libraries, 540-542, 541-542
cDNA, 542, 543F, 544
genomic, 542, 542F
¢DNA vs,, 543F, 544
in yeast two-hybrid system, 524
see also DNA cloning
DNA ligase(s)
DNA cloning, 540-541, 541F
DNA repair, 295T, 302-303
Lagging strand DNA synthesis, 272
reaction mechanism, 273F
DNA looping, 437F, 438F
transcription regulation, 438, 438F, 480481
DNA melting, 537F
DNA methylase{s) see DNA methyltransferase(s)
DNA methylation, 472F
cancer cells, 1213
CG (CpG) istands, 434, 470-471
damage recognition, 300-301
enzymes, 284F, 467
eucaryotes, 278
gene expression and, 467-468, 468F
genomic imprinting, 468-470
inheritance, 467-468, 467F
methylated DNA binding proteins, 468
5-methylcytosine, 467, 467F
procaryotes, 277-278, 282, 284F
restriction-modification systems, 532
recognition functions, 277-278, 532
role in mutation, 300-301, 301F

strand-directed mismatch repair, 277-278, 277F,
284F
uncontrolled, 296F
DNA methyltransferase(s), 284F, 467
DNA microarray(s), S74
cell cycle analysis, 1065
gene expression analysis, 537, 574-575
cancer cell typing, 414F, 1240, 1249, 1264
cluster analysis, 575, 575F
human genes, 412
metastases, 1249
methodology, 574, S74F
replication fork analysis, 285, 286F
sizes, 574
DNA mismatch repair see Mismatch repair
DNA-only transposons, 318F, 318T, 323
cut-and-paste transposition, 318T, 319F, 320F
DNA polymerase(s), 266
5'-3" chain elongation, 267, 268F
catalytic mechanism, 267F, 268F
cooperativity, 275-276
DNA repair, 302
dNTP substrates, 266, 267F, 268F
eucaryotic, 280, 281F, 293F, 294F, 295T
fidelity, 269
maovement along DNA, 273-274
proofreading, 269~270, 270F
see also Mismatch repair
RNA polymerases vs, 334, 335
sliding clamp, 274-275, 275-276, 275F, 276F
structure, 268F
T7 polymerase, 269
thermophilic, 544
see also Polymerase chain reaction {PCR)
viral, 1517
see also specific enzymes
DNA primases, 272, 272F, 273, 276F
bacterial dnaG, 283F
eucaryotic, 280
mechanism of action, 282, 283F
DNA probe(s), 534, 536F
nucleic acid detection, 539-540, 539F
see also DNA hybridization
DNA-protein interactions see Protein—-DNA
interactions
DNA rearrangement(s)
bacterial phase variation, 454-455, 455F
conservative site-specific recombination
heritable, 325-326
reversible, 324, 324F
see also Recombination; specific rearrangements
DNA recombination see Recombination
DNA renaturation see DNA hybridization
DMNA repair, 263, 295-304
base excision repair (BER), 297-298, 299F
cell-cycle delay, 303-304
cross-link repair, 295T
defects in see DNA repair disorders
direct chemical reversal, 298
DNA polymerases, 302
DNA structure importance, 297
double-strand breaks, 295T, 302-303, 303F
enzymes, 296, 299F
error prone, 310-311
failure see Mutagenesis
homologous recombination, 295T, 305
identification, 295
impuortance, 295
mismatch repair see Mismatch repair
multiple pathways, 295, 297-298
nucleotide excision repair (NER), 295T, 298, 299f
RNA polymerase coupling, 299-300
transcription coupling, 299-300
translesion synthesis, 295T
see also DNA damage; individual repair pathways
DNA repair disorders, 277, 295-296, 295T, 304, 1106
see also Cancer; specific disorders
DNA repeats see Repetitive DNA
DNA replication, 3, 200, 201F, 263, 266-295
analysis techniques, 282-283, 284F, 285, 285F
bacteriai, 280, 282, 283F
end-replication, 292
DNA catenation, 1071
DNA synthesis see DNA synthesis
DNA templating, 200, 201F, 266
end-replication problem, 292
errors, 246-247, 269, 271-272, 276-277
see also DNA damage; Mutation(s)
eucaryotic, 280
chromatin effects, 285-286

chromosome ends see Telomera(s)
initiation see DNA replication initiation
multiple replication forks, 283, 284F
replication forks see under Replication fork
replication origins see under Replication
origin(s)
replication rate, 283
S phase of cell cycle, 284, 285, 285F,
1067-1069, 1068F
timing, 285
see atso Cell cycle
fidelity, 269-270, 271FT
see afso DNA repair
historical research, 266-267
incorrect model of DNA replication, 269F
initiation see DNA replication initiation
machinery, 266~281, 276F
cooperativity, 275-276
DNA helicases, 273, 273F, 274F
DNA ligase, 272, 273F
DNA polymerase see DNA polymerase(s}
DNA primase, 272, 272F, 273, 276F
DMNA topoisomerases, 278-280, 279F, 280F
primosome, 276
single-strand DNA-binding proteins, 273,
274F, 275F
mitochondrial, 856-857, 857F
nucleosome assembly, 289-290
origins see Replication origin(s)
phylogenetic conservation, 280
proofreading, 269-270, 270FF
replication fork see Replication fork
replication origins see Replication origin{s)
semiconservative nature, 266, 266F, 268F
strand recognition, 277
methylation in procaryotes see DNA
methylation
nicks in eucaryotes, 278, 278F
see also Single-strand DNA breaks
see also Mismatch repair
transcription vs., 333-334
“winding problem,” 278F
see afso Chromosome replication; individual
components
DNA replication initiation, 281-282
bacterial chromosomes, 282, 283FF, 284F
eucaryotic, 289F, 1067, 1068F
preinitiation complex, 1067
prereplication complex, 1067-1068, 1068F
ORC {origin recognition complex}), 287
origins see Replication origin(s)
arigins of replication see Replication origin(s}
proteins, 281, 282, 283F, 1067
regulation, 282
DNA-RNA hybridization, 536-537, 538F
see also RNA-DNA hybrids
DNA segment shuffling, 19, 19F
DNA sequence, 199-200
alterations in genome evolution, 246-247
analysis techniques see DNA sequencing
bacterial, as immunostimulant, 1527
evolutionary conservation, 207, 208F, 250
human f-globin gene, 199F, 200F
recognition, 418-419, 418T
see afso DNA-binding motifs
structural effects, 416-417
DNA, sequencing, 548-550
alignment, 530-531
automation, 550, 550F
chain-terminating nucleotides, 550
gel electrophoresis, 534, 535F
gencmic see Genome sequencing
historical aspects, 549-550
human genome, 142, 205-206
comparative, 207, 247, 247F, 248F
intron—exon recognition, 551
open reading frame prediction, 551
protein sequence prediction, 139, 550-551, 550F
recombinant DNA technology, 532, 534, 535F
DNA structure, 62F, 195-201, 197-201
backbone (sugar-phosphate), 197, 198-199,
198F
base-pairing, 197-199, 198F, 417F
complementary chains (strands), 197-199, 266F
antiparallel nature, 198F, 199, 267
role in repair, 297
role in replication, 200, 200F, 201F, 266
deformation, coupled to packaging, 213, 214F
double helix, 197-199, 198F, 199F, 338F
complementary chains (strands) see DNA
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replication
hycrogen bonds, 157-198, 198F, 199F, 417
major groove, 199F, 416F
minor groove, 199F, 416F
repair, 296-297
see also DNA repair
rotation, 278, 278F
strand separation, 273
turns, 198-199, 199
elucidation, 195-196, 196, 197
hairpin helices, 273
mechanism for heredity, 199-200
see also Genels)
nucleatides, 62, 197-199, 198F
see also Nucleotide(s)
pheosphodiester bends, 199F
polarity, 198F
3’ to 5" polarity, 197
protein-DNA interactions, 416-417, 417F
see afsa DNA-binding motifs (proteins}
RNA vs., 408
sequence effects, 416-417
see aiso DNA bending
X-ray diffraction analysis, 195-196, 196
see also DNA topology
DNA supercoiling see Supercoiling
DNA synthesis, 266-268
analysis
autoradicgraphy, 282-283, 284F, 602-603
BrdU staining, 285, 285F, 1059, 1059F, 1422,
1425
ATP requirement, B6, 87F
chemistry, 268F
5-3" chain elongation, 266-267, 267F, 268F,
271-272, 271F
deoxyribenucleoside triphosphates, 266,
267F, 268F
DNA replication, 266-268
5’-3" chain elengaticn (leading strand), 267,
267F, 268, 268F, 271-273, 271F, 276F
lagging strand see Lagging strand synthesis
(DNA replication)
primer strand, 267F, 268F
pyrophosphate release, 267F, 268F
template strand, 267F, 268F
see giso DNA polymerase; DNA synthesis
initiation, 281
mechanism, 268F
see also DNA polymerase(s)
relation to histone synthesis, 289-290
see also DNA replication
DNA topoisomerases, 278
catalytic reaction, 279F
DNA replication role, 278-280
see also DNA replication
lambda integrase vs, 324
mechanisms of action, 278-279, 279F, 280F
topoisomerase |, 278, 279F
topoisomerase I, 278-279, 280F, 281F
DNA topology
supercoiling see Supercoiling
transcription elongation, 343-345, 344F
see aiso Nucleosomels)
DNA transfer see Horizontal gene transfer
DNA tumier virus(es), 1247-1249, 1248F
DMA virus(es), 14G6F, 1497F
in cancer, 1227-1228, 1228T
seg alse DNA tumor virusles)
dNTPs see Deoxyribonuclecside triphosphates
(dNTPs)

Docking proteins, insulin receptor substrate (iRS-1),
24

Dolichel phosphate, 115F
Dolichel, protein glycoslation, 737, 738F, 747F
Dolly the sheep, 1287
Domain fusion, activator proteins, 442F
Domains, living world, 16, 16F
Dominant negative mutation(s), 528F, 564F
antisense RNA, 564F
genetic engineering, 564
RNA interference, 564F
Dopamine, gap junction permeability regulation,
1162, 1162F
Dormancy, Epstein-Barr virus (EBV}, 1499
Dorsal lip, of blastopore, 1367-1368, 1367F
Dersal protein, of Drosophila, 1334-1335, 1335F
Dosage compensation, 473, 475-476, 476F
Double bonds, carbon—carben, 106F
Double-checking, DNA polymerase proofreading,
269

Doublesex (Dsx) gene, Drosophiia sex
determination, 481F, 482F
Double-strand breaks {DSBs)
homologeus pairing/meiotic recombination,
305F, 312, 1275, 1280
production, 300-301
repair, 302-303, 303F, 304-305, 308-309
defects, 295T
see aiso Homologous recombination
{crossing-over)
tepoisomerase |l production, 280F
Dauble-stranded RNA {dsRNA), viruses, 1534
Down syndrome, meiotic nondisjunction,
1278-1279
Dpp (decapentaplegic) gene/protein, 1335, 1353,
1353F, 1355
Drk gene, 928F
Drosophila development, 1328-1341
anteroposterior patterning, 1341-1347
see also Drosophila melanogaster homeotic
genes
cell cycle analysis, 1058
cellularization, 1099, 1100F
early embryo and genesis of body plan,
1328-1341
blastoderm, 1330-1331, 1330FF
body axis specification, 1332F, 1333-1334,
1334F
dorseventral patterning, 1334-1337, 1335F,
1335FF
egg, 1330, 1331F
egg polarity genes see Egg pclarity genes
{Drosophila)
fate map, 1331F, 1332F
follicle providing egg-polarizing signals,
1333F
gastrulation and mesoderm formation, 1335,
1336k, 1340
merphogen gradients, 1333-1334, 1334FF,
1335F, 1335FF, 1336
mRNA localization, 487, 488F, 1333-1334,
1334F
oocyte, 1333F
planar cell polarity, 1157, 1157F
regulatory hierarchy, genes, 1338F
segmentation genes see Drosophila
melanogaster segmentation genes
sex detarmination, 1286
syncytial to cellular transition, 1330-1331
syncytium formation, 1099, 1100F
synopsis, 1329F
vertebrate body plan vs., 1336F
genetic control/gene regulation, 408-409,
447-450, 448F, 449F, 44GFF
Even-skipped see Eve (Lveri-skipped) gene
Ly gene, 466, 466F
homeotic genss see Drosophila melanogaster
homeaotic genes
Ras role in eye development, 927, 927F
segmentation genes see Drosophlia
melancgaster segmentation genes
see also specific genes
genetic model, 1329
genetic screening for early patterning, 1332
genetic techniques, 1329
imaginal discs, 1331
see also under Imaginal discs
key to developmental mechanisms in other
animals, 38
ocgonia formation, 1290, 1290F
organogenesis and patterning of appendages,
1347-1362, 1347-1363
compartment boundaries as signaling
centers, 1353-1355, 1353F
compartments, 1352-1355, 1352FF, 1353F
eye development, 466, 466F

imaginal discs, 1349-1351, 1350F, 1356-1357

individuality specified by homectic selector
genes, 1351
intercalary regeneration, 1354, 1354F
size regulation, 1353-1354
parasegments vs. segments, 1330, 1330F
sex determination, 481-482, 481F, 482F
Drosophila melanogaster
adult anatemy, 1328-1330, 1328F
apoptosis, 1125, 1126
chromosomes, 237F
chromosame 2, 330F
gene-chromosome relationship (proof),
37-38, 38F
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polytene see Polytene chromosome(s}

sex chromosomes, 481
circadian clock, 461-462, 462F
cytoskeleton, 967, 967F, 983
development see Drosophila development
gene expression

alternative splicing, 479

chromosome puffs, 220-222

dosage compensation, 475

gene regulatory proteins, 4187, 447, 448F,

14007

position effects, 221-222, 221F
gene regulatory proteins, 1400T
genome
information coding, 329, 330F
mobile genetic elements, 318T, 480, 556
sequencing, 551, 552
size, 18T
see also chromosomes {above)
homeodomain proteins, 429
see also Homeopdomain proteins
as model organism, 37-38
mRNA localization, 1022-1023
multicellular development and, 447-450, 448F,
449F, 449FF, 465-466, 466F
oocyte, 1022-1023
photoreceptor assembly, 927F
protein interaction maps, 188
RANA interference (RNAJ), 571
vertebrate homologies, 1306, 1306F, 1308
wing hair mutants, 1157-1158, 1157F
Drosophila melanogaster homeotic genes,
1341-1347
bithorax and Antennapedia complexes, 1342,
1342F
Hox complex, 1342-1347
see also Hox complex; Hox genes
memory mechanism, 1344
modulated repetition strategy, 1341-1342
mutations, 1342
Polycomb and Trithorax group genes, 1344,
1345F
positional values, 1344
sequential Hox gene expression, 1343-1344,
1343F
vertebrate homologies, 1344-1347, 1346F,
1346FF
see aiso specific genes
Drosophila melanogaster segmentation genes,
1336-1338, 1337F, 1338F
gap genes, 1333, 1337-1338, 1337F, 1338F
pair-rule genes, 1333, 1337-1338, 1337F
regulatory DNA controtling pattern (eve gene),
447-450, 448F, 449F, 449FF,
1339-1340, 1339F, 1340F
segment polarity genes, 1333, 1338F, 1339
see also individual genes
Drug-induced changes, cytoskeletal filament
polymnerization, 987-989, 988T
Drug resistance, 1521-1524
Dscom gene, alternative splicing, 479F
Dynamic instability, cytoskeletal filaments, 980,
981F, 982F
cakastrophe, 980, 1003
catastrophe vs. rescue, 1080
of microtubules see Microtubule(s)
nucleotide hydrolysis, 979F
rescue, 980, 981F
Dynamin protein, 756F, 757-758, 758F
Dynein(s), 1014-1015, 1015F, 1018, 1019F
ATP hydrolysis, 1019
attachment to membrane-enclosed organelles,
1022, 1022F
axonemal, 1015
ciliary beating and left-right asymmetry, 1377
cytoplasmic, 1014
force generation, 1018
linker region, 1019
mechanochemical cycle, 1019
mitotic spindles, 1077, 1077F, 1079
power stroke, 1019, 1019F
Dysentery, epidemic, 1491
Dyskeratosis congenita, 294
Dystrophin, 1466

E2F proteins, 1103-1105, 1244F
E6 viral oncogene/protein, 1248, 1249F
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£7 viral ocncogene/protein, 1248, 1246F
Ear, embryonic origin, 1384F, 1429
Early cell plate, 1098
Early genes, chromatin condensation effect,
285-286
Eastern equine encephalitis virus, 1496F
Ebola virus, cell entry, multivesicular bodies, 797
E-cadherin, 1136, 11387
in cancer invasiveness, 1249-1250
epithelial-mesenchymal transitions, 1141
E. coli see Escherichia coli
Ectoderm, 1307, 1365
Edema, 1493
Edema toxin, 1493
Edge effects, 582F
EDTA, cell separation techniques, 502
EF-1 elongation factor, 377F
EF-2 elongation factor, 377F
Effector B cells, 1543, 1546, 15456F, 1552F
Effector T cells, 1543, 1544F, 1546, 1546F, 1552F
Efflux transporter proteins, auxin transport, 959
EF-G elongation factor, 377, 377F
EF-Tu elongation factor, 181, 1871F
confarmational change, 180-181, 181F, 377
GTP-binding protein, 180-181, 181F, 377
protein synthesis, 180, 377-378, 377F
EGF see Epidermal growth factor (EGF)
Egg (ovum), 1287-1292
activation, 1287, 1298
Ca’" increases, 1299
cortical granules, 1288
cortical reaction, 1299, 1300, 1300F
sperm binding to, 1270F, 1298-1299, 1298F,
1300F
see alsa Fertilization
C.elegans, 1323-1324
development stages, 1288-1290, 1289F, 1291F
oocytes see Oocytes
PGCs see Primordial germ cells (PGCs)
timing, 1288
enucleation, 411, 413F
parthenogenesis, 1287
size, 1287, 1287F, 1290-1291, 1290F
specialized cell structure, 288F, 1287-1288,
1291F, 1298F
totipotency, 1282
Egg polarity genes {Drosophila), 1332-1335, 1332F,
1334F

Ehlers-Danlos syndrome, 1187
elFs (eucaryotic initiation factors), 380F
elf-2, 468-489, 490F, 1535
elF4E, 380, 491
elF4G, 380
regulation by phosphorylation, 488-489,
490-491, 490F
see also Cap-binding complex (CBC)
Elastase, 138F
Elastic fibers, 146F, 1189-1191, 1190F
Elastin, 1179, 1189-1191, 1191F
structure, 146-147, 146F, 1190-1191, 1191F
synthesis, 1190
Electrical activity, in synapse maintenance and
eliminaticn, 1393-1397
Electrical potential, neuron(s), 675
Electrical synapses, gap junctions, 1167
Electrochemical gradients, 654F
Electrochemical proton gradients, 653, 813, 821F,
827-840, 853-854
across bacterial membranes, 839, 839F
ATP production, 662, 817-819, 819F, 822-824
see also ATP synthase
bacterial flagellum, 821-822, 823F
chemiosmosis, 813-814, 814F
coupling to active transport, 822, 823F
generation, 100, 100F, 820-821, 821F
see aiso Praton pumps
membranes and, 640, 655, 820-821, 821F
mitochendrial protein import, 716-717, 716F
noncyclic photophosphaorylation, 850-851, 852F
pH gradient, 820-821, 821F
proton-motive force, 821, 839F
Electrogenic pumps, 662-663, 671
Electron(s}
atomic interactions, 46-48
see also Chemical bonds
electron shell, 46, 48F, 49
orbitals, 46
Electron crystallography, 611-612
Electron density maps, X-ray diffraction analysis,
528

Electron microscopy, 604-613
3-D reconstruction, 606, 607F, 611-612
EM-tomography, 611F, 612, 612F
autoradiography, 603F
chromosome puffs, 239
contrast generation, 606, 610
colloidal gold, 606, 607F
heavy metal stains, 606
metal shadowing, 608-609, 610F
negative staining, 610, 611F
cryoelectron microscopy, 610
depth of field, 606, 608
electron lens, 604
electron scattering, 605
freeze-etch, 610F
grids, 605, 605F
history, 604T
imaging, 610-612
immunogold, 606-607, 607F
microscope, 604
molecular localization, 606-607
resalution, 604605, 604F, 608
sample preparation, 805-606, 605F
scanning electron microscopy (SEM), 607-608,
608F, 609F
SEM see Scanning electron microscopy (SEM)
single-particle reconstruction, 611, 612F, 613F
surface analysis, 607-609, 608F, 609F
tomography, 611F, 612, 612F, 613F
transmission see Transmission electron
microscopy (TEM)
Electron-motive force, 814, 815F
Electron scattering, electron microscopy, 605
Electron stains, 606, 607F
Electron transfer, 71-72, 100F, 813, 814F
energetics, 820-821, 829, 830F
see also ATP (adenosine triphosphate)
mitochondria vs. chloroplasts, 814, 815F
NADH/NADPH carriers, 82-83, 82F, 818-819,
818F
see also Activated carriers in metabolism
oxidative phosphorylation, 100, 819, 819F
photochemical reaction centers, 848, 850F, 852F
protons, 827-828, B28F
redox potentials, 829, 831, 835, 835F, B52F, 853
see also Electron transport chain(s); Oxidative
phosphorylation
Electron transport chain(s), 827-840
ATP synthesis, 100, 100F, 817-819, 819F
proton gradients, B21-823, 821F
proton movement, 828, 828F, 829F
uncoupling, 836
see also ATP synthase; Electrochemical proton
gradients; Proton pumps
hacterial, 839-840, 839F, 8734F
evolutionary implications, 871-872
chloroplasts see Photosynthetic electron
transport chain(s)
cyanobacteria, 872, 873-875
energetics, §20-821
evolution, 870-876
anaerobic bacteria, 871-872
cyanobacteria, 872, 873-875
fermentatian, 870-871
photosynthetic bacteria, 872
iron—sulfur centers, 101
mitochandria see Mitachondrial electron
transport chain(s)(s)
photosynthesis see Photosynthetic electron
transport chain(s)
see also ATP (adencsine triphosphate); Electron
transfer
Electrophoresis, 517
agarose gel, 534
cefl fractionation, 517, 518F, 521-522
gel staining, 517, 518F, 534, 535F
polyacrylamide gel see Polyacrylamide gel
electrophoresis (PAGE})
protein analysis, 518, 521-522, 521F, 522FF
protein denaturation, 517
protein purification, 517, 518FF, 521-522, 522FF
pulsed-field, 534
recombinant DNA technology, 534
blotting see Blotting
DNA sequencing, 532, 534, 535F, 551
pulsed-field gels, 534, 535F
Electroporation, 565-566, 598, 598F
Electrostatic interactions, 54
Elements (chemical), 45, 46, 47F, 43F
Elongation factor(s), 179-180

EF-G see EF-G elongation factor
EF-Tu see EF-Tu elongation factor
transcriptional, 343-345
translational, 376F, 377-378, 377F
Embryo(s)/embryogenesis
anteroposterior axis see Anteroposterior axis
development
cadherins, 1136, 1136F
cancer-critical gene function analysis,
1241-1242
cell crawling, 1036
cell cycle analysis, 1057-1058, 1057F, 1058F
descriptive embryology, 1310
disscciation experiments, 1139-1140, 1139F,
1140F
experimental embryology, 1310, 1310F
Gy phase of cell cycle, 1100
gastrulaticn, 1364-136%
plant, 1400, 1401F, 1402, 1402F
polarity, 1364
stam cells see Embryanic stem (ES) cells
see also Development; individual species; specific
stages
Embryonic germ cells, 1283
Embryonic stem (ES) cells, 505-507, 1283
cantrol of differentiation by different factors,
1481F
derivation, 505-507, 506F
differentiated cell procuction in vitro, 1481
drug discovery, 1482
immune rejection problem, 1481-1482
mouse, 567F, 1480
“personalized,’ 1303, 1303F, 1481-1482
“therapeutic cloning,’ 507
in tissue repair, 1487-1482
Encephalitis, viral, 1502
Endochondral bene formation, 1470
Endocrine cells, 882
gut (enteroendocrine cells), 1437, 1437F
in respiratory epithelium, 1435
Endocrine signaling, 882-883, 882F, 883F
Endocytic-exocytic cycle, 782
Endocytic pathway, 749, 750F, 751F, 795F
Endocytosis, 749, 787-799
early endosomnes, 782, 792
fluid-phase, 789
late endosomes, 782
LDLs, 791-792, 791F, 793F
receptor-mediated see Receptor-mediated
endocytosis
signal, 793
see also Endocytic pathway
Endoderm, 1307, 1365
Endaoglycesidase H (Endo H), oligosaccharide
processing, 775F
Endo H-resistant oligosaccharides, 775F
Endoplasmic reticulum {ER), 723-745
antibody synthesis, 768F
antigen processing/presentation, 1583F
calcium store, 725-726
ceramide synthesis, 744-745
cholestercl synthesis, 743, 744-745
COPIl-coated vesicle formation, 767, 767F
development, 702, 704
distribution during cytokinesis, 1098
evolution, 700F
glycalipid synthesis, 744-745
glycoprotein synthests, 736738, 737F, 747F
glycosphingolipid synthesis, 744-745
lipid bilayer assembly, 743-745, 744F
lipid metabolism, 626
rmembrane, amoLnts, 697T
membrane proteins, 486, 630, 635
microsomes, 511, 726
microtubule motors, membrane organization,
1021
oligosaccharide processing, 775F
phospholipid exchange proteins, 745
phespholipid synthesis, 743, 743F
phospholipid transport, 745
position in cell, 697
protein assembly, 736
GPl anchor attachment, 742-743, 742F
virus assembly and, 1513, 1514F
protein degradation see Proteasome(s)
protein folding, 736
misfolded protein fate, 739-742, 741F
unfaided protein response, 740-742
see also Protein folding
protein glycosylation, 736-738, 737F, 747F
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quality control, 767-768
resident proteins, 732F, 736, 737F, 747F, 767,
770-771, 77QF
selective retention, 771
retention signal, 736
retrieval pathway, 769-770, 770-771, 770F
rough ER, 725F, 726, 726F
smooth ER, 724-725, 725F, 726F
see qlso Sarcoplasmic reticulum
sphingomyelin synthesis, 744-745
structure, 696, 723, 724F
T-cell receptor assembly, 768
unfolded protein response, 740-742
virus assembly and, 1513, 1514F
volume, 697T
Endoplasmic reticulum (ER), protein transport,
723-745
ro-translational translocation, mechanism, 732F
to Gelgi apparatus, 766-787, 768-769
MHC class | proteins, inhibition by viruses, 1536
misfolded protein fate, 738-741, 741F
multipass transmembrane protein integration,
734-736, 735F
post-translational translocation, 732F, 736
guality contrcl, 767-768
retrotranslocation, 397, 739-740, 740F
Sec61 protein translocater complex, 730-731,
730F, 731F
signal recognition particle {SRP), 727-730, 729F
meachanism of action, 728, 730
signal sequences, 726-727, 733-734
single pass transmembrane protein integration,
724-725, 733F
SRF receptor, 728
start-transfer signal, 732
stop-transfer signal, 733, 733F
B-Endorphin, production, 803F
Endosomel(s)
antigen processing/presentation, 1583F
early, 782, 784F, 791, 794F
apical and basolateral, 799F
epithelial cells, 798, 799F
material retrieval, 792-794
functien, 696
late, 782, 784F, 794F, 798, 79SF
membrane amounts, 697T
protein sorting, 807F
racycling, 793F, 794, 794F, 797-798, 797F, 795F
transport to lysosomes, 791-792
volume, 6977
see glsa Endocytosis
Endosymbiont hypothesis, organelle evolutionary
origin, 859-860
Endothelial cells, 1445-1450, 1447F
embryonic origin, 1446
inflammatory response, 1534
structure, 1443
Endothelin-3, 1375
End-replication problem, 292
Energy
ATP as carrier, 61, 62F
see also Activated carriers in metabolism; ATP
(adenosine triphosphate)
cell use
catabolism, 70, B8-103
catalysis, 65-87
energy conversion, 813-815
oxidation reactions, 70
see also Chlcroplast{s); Mitochondria; specific
uses
chemical bonds, 48-49, 49F, 69F
electrical energy, 69F
forms, 69F
free energy see Free energy
heat energy, 67-68, 69F
see giso Thermadynamics
interconversions, 69F, 813
kinetic energy, 69F
light energy, 69F
see also Photosynthesis
potential energy, 69F
Engrailed gene/protein, 1306F, 1340-1341, 1340F,
1352, 1352F
protein structure vs yeast aiphaZ protein, 138F
Enhancers, 438F, 1309
Enhancesome, 447, 447F
Enkephalins, protealytic pracessing, 803
Enolase, 121F
Enteroendocrine cells, 1437, 1437F
Entropy (S}, 66-67, 67F, 11GF

Enveloped viruses, 1497, 1505
see also specific viruses
Env gene, HIV (human immunodeficiency virus),
1521
Environrmenital reservoirs, antibiotic resistance,
1523-1524
Enzyme(s), 6, 62-63, 72-75, 158-159
antibiotic resistance and, 1522, 1523F
catalysis see Enzyme catalysis
classification, 159, 159T
coenzymes/cofactors, 167
energetics, 72-73
mechanism of action, 74F
multienzyme complexes, 168-169, 169F
receptor coupling see Enzyme-coupled
receptor(s)
regulation, 169-171, t70F
cooperativity, 172-173, 173F
phosphorylation, 175-176
see afso Allosteric regulation; Feedback
regulation
structure, 72
active site see Active site
regulatory sites, 170
tetrahedral intermediate, 160
transition state, 160
see also Metabolic pathway(s); individual
enzymes
Enzyme catalysis, 159-169
catalytic antibedies, 160, 161F
diffusion-limited, 163, 1637, 169
energetics, 72-73
activation energy, 72, 73F, 160, 160F
free energy, 72
heat energy, 74
enzyme-product complex, 164F, 166, 166F
enzyme-substrate interaction see
Enzyme-substrate interactions
equilibrium peints, 76, 78F
floating ball analogies, 74F
kinetics see Enzyme kinetics
lysozyme catalysis, 163-165
mechanisms, 74F, 159-160, 160, 164F, 166F
molecular tunneling, 167-168, 168F
Enzyme-coupled receptoris}, 892, 892, 893F,
921-945
classes of, 921
see also individual receplors
Enzyme kinetics, 159-160, 162-163FF
double reciprocal plot, 163
Keat, 162F, 163
Km, 160, 160F, 162F, 163
Michaelis-Menten kinetics, 162F, 163
reaction rates, 159-160, 160F, 161F
inhibitory ligands, 173, 173F
multienzyme complexes, 169
steady-state, 162F-163F
turnover number, 159-160, 162F
Vinax 159, 160F
Enzyme-linked immunosorbent assay {ELISA),
588-589
Enzyme-substrate interactions, 74, 164F
diffusion, 74, 75F, 163
fit, 160
kinetics effects, 159-160, 162F
see also Enzyme kinetics
lysozyme, 164-165, 164F
substrate binding, 159-160, 164-165, 164F
Eosinophils
attack on schistosomes, 1532, 1532F
cytokinesis, 1556
lineage and formation, 1452F
structure, 1452F
upregulation in parasitic infection, 1451
Eosin, staining, 585F
Eph B, gut epithelial cell migration, 1440-1441,
1441F
Ephexin, 931
Eph receptors, 922, 923T, 1392-1393
Ephrin{s), 922, 9237, 931
receptors see Eph receptors
signaling, gut epithelial cell migration,
1440-1441, 1441F
see also specific types
Ephrin A2, retinotectal axon guidance, 1393
Ephrin A5, retinotectal axon guidance, 1392
Ephrin A proteins, 1392-1393
Ephrin B2, capillary sprouting, 1447-1448
Ephrin B family, gut epithelium, 1440-1441
Epidemics, 1437
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Epidermal cells, 1419-1420
Epidermal growth factor (EGF), 1103, 1238
Epidermal growth factor receptor (EGFR), uptake by
endocytosis, 794
Epidermis, 1417-1428, 1418F
associated structures/appendages, 1418
cells, 1419-1420
granular layer, 1419, 1419F
interfollicular, 1418-1419
plants, 1402, 1404F
renewal by stem cells, 1417-1428
associated signaling pathways, 1426
rate, 1420
signaling, 1426
stem cell distribution, 1422F
waterproof barrier, 1418, 1420-1421
Epidermolysis bullosa simplex, 986, 1005
Epididymis, 1294
Epigenetic phenomena, 219, 471-473, 472F
bacteria, 472
in cancer, 1208
chromatin structure, 472
DNA methylation see DNA methylation
eucaryotes, 472
genetic inheritance vs., 219F
histone modification see Histone madification
imprinting see Genemic imprinting
inheritance see Inheritance
mechanisms, 472-473, 472F
mono-allelic expression, 473
positive feedback loop, 471, 472F
protein aggregation state, 472F
silencing of tumor suppressor genes, 1236,
1236F
twin studies, 473, 473F
see also Genomic imprinting
Epigenome, 473
Epilepsy, voltage-gated cation channels, 682
Epinephrine see Adrenaline {epinephrine)
Epistasis analysis, 558-559
Epithelia, 1131, 1132F
bacterial adhesion, 1503
cell-cell adhesion and cell junctions, 1133-1135,
1134F
anchoring junctions, 1133-1150
apico-basal polarity mechanisms, 1155-1157,
1155F, 1156F
occluding junctions, 806, 1150-1158
planar cell pofarity mechanisms, 1157-1158,
1157F
see also Adherens junction(s); Cadherin{s); Cell
adhesion; Cell junction(s);
Desmosome(s}
columnar, 1133
epithelial-mesenchymal transitions, 1141
folding, 1142, 1143F
host defenses, 1525-1526, 1526F
microbial evasion of, 1502-1504
mucus ang, 1502, 1525
as permeability barriers, 1150
sensory, 1429-1433
structure, 1134F, 1150
see also Connective tissue
Epithelial cell(s)
apical domain, 798, 799F, 806, 806F
endocytosis, 798, 799F
glycolipids, 628
IgA transport, 1556F
membrane protein distribution, 645
microvilli formation, 1007
polarity, 798, 799F, 806F
surface area, 1007
tight junctions, 806
Epithelial-mesenchymal transitions, 1141
Epitopes (antigenic determinants), 1545, 1558F
Epitope tagging, 514, 515F, 516F
see also Protein tags
Epstein-Barr virus (EBV), 1228T, 1499
Epulopiscium fishelsoni, 14F
Equilibrium
chemical, 76-77, 77F
free energy changes, 76, 77F
Equilibrium constant (K}, 157-159
relation 1o free energy changes, 76, 771, 157,
158F, 159F
Equilibrium sedimentation, 511, 512F
ERGICS3 protein, ER to Golgi apparatus transport, 767
Erk (MAP-kinase), 929F
ERM (ezrin, radixin, mesin) family of proteins, 1009,
1010F
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ERp57, protein folding, 737F, 747F
Error correction, DNA polymerase, 269-270, 270FF
Erythroblasts, 1459, 1459F
Erythrocyte(s), 1453T, 1459
cemplement lesion, 1529F
cytoskeleton, 646, 1008-1005
develepment, 1454, 1457F, 1459, 1459F
see also Erythropoiesis
lifespan and turnover, 1459
membrane, 618F, 5646
phaspholipids, 626
osmolarity regulation, 663, 663F
Erythromycin, 385T
Erythropoiesis, 1292-1293
colany-stimulating factors role, 1459-1460, 1462
erythropoietin role, 1103, 1459-1460
Erythropeietin, 1103, 1456-1460
cells respansive to, 1459
synthesis, 1459, 1460T
target cells and receptors, 1460T
ES cells see Embryonic stem (ES) cells
Escherichia coli, 14F
double membrane, 665F
enteropathogenic, 1504, 1504F
flagella, tumbling, 942, 943F
gene expression regulation, 416, 433F, 439, 439T
lactose {Lac) operon see Lac operon
{Escherichia coli}
genome, 25F, 282
chromasome, 1491F
replication, 282, 283F, 284F
sequencing, 552
size, 18T
as model organism, 24-25, 25F
mutations, 264, 276-277
phylogenetics, tree of life, 16F
P pili, 1502
promaoter sequences, 338F
RecA protein see RecA protein
replication, 282, 283F
clamp loader structure, 275F
DNA polymerase structure, 268F
refractory period, 282, 284F
strand-directed mismatch repair, 277
transposons, 318T
urcpathogenic, 1502, 1503F
E-selectin, 1146
Estraciol, 889F
Estregen, receptor, 891F
Ethical issues, reproductive cloning, 1302-1303
Ethylene, 957-959, G58F
Ethylenediaminetetraacetic acid (EDTA), 502
Ethylene receptor, 958
Etioplasts, 841
Eubacteria see Bacteria
Eucaryote(s), 14, 16F
cells see Eucaryotic cell(s)
epigenetics, 472
evolutionary origin, 26-27
general features, 26-32, 27F
gencmes
DNA methylation, 278
hybrid, 30
Regulatory DNA, 31-32
size, 18T, 30-31, 31F
non-coding DNA, 31, 204
see also Noncoding DNA
predators, 26-27
transmembrane proteins, 635
Eucaryotic cell(s)
cell cycle see Cell cycle
cell lines, 505, S06T
cell types, 411
see aiso Cell differentiation
chemical compaosition, mammalian, 63T
compartmentalization, 169
DNA lecalization, 200-201
see also Nucleus
intracellular membranes, 169
see also Organelle(s); specific compartments
division see Cell division
DNA packaging, 202-203
see also Chromatin; Chromosome(s)
DNA replication see DNA replication
gene expression, 345F, 412
coordination, 462, 463F
regulatory proteins see under Gene regulatory
orotein(s)
transcriptional reguiation see Transeripticnal
control of gene expression

see also Gene expression; Transcription
gene structure see Gene structure,sucaryotic
metabolic rate, 169
mMBNA see Messenger RNA, eucaryotic
protein phosphorylation, 176-177
protein synthesis see Translation
RNA palymerase(s) see RNA polymerase(s)
rRNAs see Ribosomal RNA eucaryotic
transcription see Transcription
Euchromatin, 220, 1070
see also Heterochromatin
Euglena, tree of life, 16F
Eve (Even-skipped) gene
combinatorial control, 448-450, 449F
madular control of expression pattern, 448-449,
448F, 449F, 1337, 1339, 1339F
Evolution
Algae, 874, 875F
animal-plant divergence, 955
ATP synthesis, 8370-876, 871-872, 872-875
cancer as a microevolutionary process,
1205-1224
carrier protein(s), 655
canservation in see Evolutionary conservation
electron transport chainis), 870-876
gene(s), 16-17
collagen genes, 1185-1186
duplication/divergence see Gene
duplication(s)
see also Genome evolution
genornes see Genome evolution
Hemodglobin (Hb}), 256-257, 256F
homologous recombination and, 305
innate immune system, 1524
rmajor events, 874F
metabolic pathway(s), 870-872
aerobic metabolism, 12, 27, 873-874
carbon fixation, 872-875
molecular see Molecular evolution
multicellularity and cell communication, 955
mutation rate analysis, 264
see also Mutation rates
myosin and kinesins, 1015-1016
organelle(s}), 697-699, 700F
see also specific organelles
pathogens, 1520-1521
plant{s), 36, 840-841
proteins see Protein evolution
sexual reproduction and, 1271-1272, 1271F
tree of life, 15-17, 16F, 23
see also Origin of life
Evolutionary conservation, 17, 17F
cytoskeletal elements, 982-983
genome sequence, 39-40, 207, 208F, 246, 250,
292

histones, 213
homeodomain proteins, 138F, 420-421
meiosis, 1280, 1286
multicellular development, 1306F, 1307
Evoluticnary time, units, 265
Evolutionary tracing, protein family binding-sites,
155-156, 155F
Excisionase, phage lambda, 326
Excitatory postsynaptic potential (EPSP), 688
Exocytosis, 750F, 799-809
constitutive, 800, 8B01F
default pathway, 800, 801F
extracellular matrix, 800
neurotransmitters see Synaptic vesicle(s)
proteolytic processing of cargo, 803
regulated see Regulated secretory pathway
secretory proteins, 800
secretory vesicles see Secretory vesicle(s)
Exonds), 346, 347
gene structure (eucaryotic), 206
length variation, 352, 353F
recombination in evelution, 255
skipping, 352, 355, 355F
“Exon definition hypothesis,’ 352, 353F
Exon-junction complexes (EJC), nonsense-
mediated mRNA decay, 386
Exonucleolytic proofreading, 269-270, 270F
Exosome, 358, 485
Experimental embryology, 1310-1311, 1310F,
1311F
Exportin{s), HIV mRNA transport, 485, 486F
Export-ready mRNA, 327, 357, 358-359, 359F
Expressed {DNA) sequences see Exon(s)
Extracelular matrix (ECM), 1178-1195
basal lamina see Basal lamina

cell adhesion/interaction see Cell-matrix
adhesions
cell secreting/synthesis, 1179, 1179F
components, 1165
fibrous proteins, 145-146, 147F, 1179
see also specific proteins
shapes/sizes, 1166F
see also Glycoprotein(s); specific
macromolecules
compressive forces and, 1180-1181
degradation, 1193
localisation, 1194
matrix metalloproteinases, 1194
serine proteinases, 1194
diversity, 1178
exacytosis, 800
matrix receptors, 1169
see also Integrin(s}
mechanical interactions, 1189, 1189F, 1190F
fibronectin fibril assembly and, 1191-1193,
1192F
plant{s), 1180, 1195
see also Plant cell wall
tensile forces and, 1042F, 1187-1189
tissue morphogenesis and repair, 1180-1181
see also Bone; Cell adhesion; Cell junction(s}
Extracellular signal molecule(s)/pathway(s),
880-881, 880-886
cell response, 885
cell size/number regulation, 1102
classified by range of action, 881-883
CO, 889
combinatorial action, 884
competition for, 1110
development, gonad specification, 1283
growth factors see Growth factors
hydrophobic, 889
inhibitory, 1102, 1103, 1110, 1111F
mitogens see Mitogen(s}
NO, 887-839, 883F
survival factors see Survival factor(s)
see also specific types/pathways
Extracellular space, 1164
Eya (Eyes absent) gene, 466F
Eye color, as polygenic trait, 563
Eye development, genetic control, 466, 466F
see also specific genes
Ey (Eyeless) gene/protein, 466, 466FF, 1306F, 1352
Ezrin, 1009

F

FoFy ATPase see ATP synthase
Facilitated diffusion, 653
FACS see Fluorescence-activated cell sorter
Factor V, secretion from ER, 767
Factor VI, 348F, 767
Facultative pathogens, 1490
FAD/FADH;
citric acid cycle, 98, 817
electron carrier, 818-819, 819F
fatty acid oxidation, 97F
structure, 99F
FAK (focal adhesion kinase), 937, 1176-1177,
1176F
Familial adenomatous polyposis coli (FAP}, 1253,
1253F
Familial hypertrophic cardiomyopathy, 1031
Fanconi anaemia groups A-G, DNA repair disorders,
295T
FAP (familial adenomatous polyposis coli), 1253,
1253F
Fascicles (fiber tracts), neuronal, 1387
Fasciclin3, synapse formation, 1147
Fas ligand, 1120, 1571, 1573F, 15%4
Fas recepter protein, 1571, 1594
FASTA sequence alignment, protein analysis, 531
Fat(s)
compaosition, 58-59
see afso Fatty acids
digestion, 96
energy source, 91, 94, 96, 824T
storage, 8F, 91, 94
structure, 97F
see aiso Lipid(s); specific types
Fat cells, 625, 1474-1476, 1475F, 1475FF
gene expression regulation, glucocorticoids, 415
Fat droplets, 1474
Fat proteins (cadherin superfamily}, 1137, 1138T
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Fatty acids, 58-59, 58F, 95, 114-115FF
cell membrane components, 58-59, 59F
see aisc Membrane(s); Phospholipid(s)
mobilization, 96F
oxidation, 96-97, 97F
synthesis, 855
see also specific types
Fatty acyl CoA, 96
F-bax proteins, SCF regulation, 1064
Fc receptor(s), 1555, 1555F, 1596, 1596F, 1599F
phagocytosis role, 788
transcytosis, 797F
Fc regicn, antibody melecule, 1552F, 1554F, 1555,
1555F, 1559
Feedback regulation, 170-171
metabolic pathways, 170-171, 837-838
positive see Pasitive feedback
see aiso Allosteric regulation; Negative feedback
{feedback inhibition); Regulatory
cascades
Feed-forward locps, transcription circuits, 459, 459F
F elements, 318T
FepA protein, structure, 635
Fermentation(s), 0, 839
earliest cells, 870-871
lactic acid production, 0
pathways, 90F
see also Glycolysis
Ferredoxin-NADPH reductase, 852F
Ferridoxin, 852, 852F
Fertility, reduced, 1301
Fertilization, 1297-1303
capacitation and, 1294, 1297
egg activation and sperm binding, 1270F, 1287,
1298, 1298F
acrosome reaction, 1297, 1298, 1299F
Ca’* increases and egg activation, 912, 912F,
1299
cortical reaction, 1299, 1300, 1300F
sperm-eqq fusion mechanism, 1298-1299
marine invertebrates, 1297
pronuclei fusion, 1301, 1301F, 1302F
sperm-donated centrioles, 1301, 1301F
invitro [IVF) and related procedures, 1301-1303
capacitation, 1297
pronuclei fusion, 1302F
KXenopus embryo, 1057
zygote formation, 1269
see alse Zygote
Fever, 1488, 1534
FGF see Fibroblast growth factor (FGF}
FGF8 protein, 1371
Fiber tracts (fascicles), neurcnal, 1387
Fibril-asscciated collagen(s), 1185, 1187-1189,
89F
Fibrillar collagen(s), 1184-1189, 1186T
fibril-associated vs, 1188-118%
see also Collagent(s)
Fibrillarin, nuclear localization, 365F
Fibrillin, 1190-1191
Fibrin, formaticn, 264
Fibrincgen, activation, fibrinopeptides, 264
Fibrinopeptides, mutation rate, 264
Fibroblast(s)
cell crawling, 1036
cell culture, phase-contrast microscopy, 504F
chondrocyte transformation into, 1468-1469
differentiation and changes, 464, 1467-1468
ECM organizaticn, 1189
ECM synthesis, 1179, 1179F
functions, 1467-1468
mature and immature, 1468
organizaticn of microtubules, 1048F
replicative senescence, telomeric repeats, 293
transformation
to cartilage and bone, 1468-1471
to fat cells, 1475F
in wound repair, 1467
Fibroblast growth factor (FGF)
in angiogenesis, 1449
FGF8 protein, 1371
FGF1Q, in lung developrment, 1381-1382, 1382F
heparan sulfate binding, 1183
Fibronectin, 1191
basal lamina, 1165
connective tissue, 1188
fibril assembly
integrins and, 1192
tension effects, 1191-1193, 1192F, 1193F
gene, 1191

integrin binding via RGD motif, 1193
protein modules, 141F
soluble form, 1191
structure, 1191, 1192F
type lll fibronectin repeat, 1191, 1193
Fibrous proteins
basal lamina, 1165
collagen see Collagen(s)
ECM see Extraceliular matrix (ECM}
see also specific proteins
Field emission guns, 604, 609
Fitaggrin protein, 1005
Filaments, cytoskeletal see Actin/actin filaments;
Cytoskeletal filaments
Filamin
actin filarment packing, 994F
actin filament web formation, 1008-1009
loss, abnormal cell matility, 1008, T009F
Filopodia, 1006, 1037
actin filament nucleation, 996
angiogenesis, 1449
steering neurcnal growth cone, 1049, 1387,
1387-1389
Fimbriae, 1490F
Fimbrin
actin cross-linking, 1007, 1007F
actin filament packing, 994F
Firing rule, for synapse modification, 1395
Fission yeast
cell cycle, 1056-1057, 1056F
shape mutants, 24F
see also Schizosaccharomyces pombe
Fitness {evolutionary), sexual reproduction and,
1271, 1271F
Fixation
carbon dioxide see Carbon fixation
microscopy sample preparation, 585, 605, 605F
nitrogen, 13, 13, 15F, 100
Flagella, 1031-1034
bacterial, 14F, 942, 943F, 1033, 1490F
proton gradients, 821-822, 823F, 839-840,
839F

cilia comparison, 1031
motility, 1031F
spenm, 1293, 1293F
Flagellin, 1033
gene rearrangements, 454-455, 455F
Flamingo protein, 1137, 11387, 1145, 1158
Fleas, plague transmission, 1502, 1502F
FLIP, fluorescence loss in photobleaching (FLIF)
Flip-flop switch, 457, 458F, 466
Floor plate, of spinal cord, in growth cone
guidance, 1388, 1388F
Flara, normal microbial, of human body, 1486, 1501
Flow cytometry, 576, 1059-1060, 1060F
Flower(s), 1401F
development, 1413, 1413-1414
specification by homeotic selector genes, 1414F
Flowering plants see Plant(s)
FLP recombinase, 1348, 1349F
FLP recombinase target (FRT}, 1348
Fluid-phase endocytosis, 789
Fluorescein, 586-587
Fluorescence, 586
Fluorescence-activated cell sorter (FACS), 502, 503F,
1218, 1218F
Fluorescence in situ hybridization (FISH),
chromosame puffs, 239
Fluorescence loss in photobleaching (FLIP}, 643,
644F, 753F
Fluorescence microscopy, 586-589
applications, 587
confocal, 590-592, 591F, 592F
fluorescent dyes, 586-587, S87F
immunofluorescence, 587F, 588-589, 588F, 589F
microscopes, 586, 586F, 591F
nanoparticles, 587, 588F
quantum dots, 587, 588F
single-cell expression analysis, 575
total internal, 599, 600F
Fluorescence recovery after photobleaching (FRAP),
595, 596F, 643, 644F, 753F
Fluorescence resonance energy transfer (FRET),
526, 526F, 593-594, 595F
Fluorescent analog cytachemistry, 597
Fluorescent dyes, 586-587, 587F
Foam cells, 1500, 1500F
Focal adhesion kinase (FAK}, 937, 1176-1177,
1176F

Focal adhesions, 1170, 1176-1177, 1176F
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Follicle cells, 1290-1291, 1290F
Follicle stimulating harmone (FSH), 1292
Follistatin, 940
Food molecules
nonfermentable, evolution cf abiiity to use, 872
obtaining energy, 88-103, 100F
see giso Catapolism
storage, 91, 94-95
Forensic genetics, 547F
Formaldehyde, tissue fixation, 585
Formic acid oxidation, 871, 871F
Formin, 994F, 998, 959F, 1000F, 1094
Formylmethionine, 380, 1526, 1531
Fossil record, phylogenetic tree comparisons, 248
Founder cell, in C elegans, 1322-1323
Foxp3, regulatory T cell(s), 1574
Fractionation see Cell fractionation
Frameshifting, translational see Translational
frameshifting
FRAP see Fluorescence recovery after
photableaching (FRAP)
Free energy, 75-78, 118-119FF
catalysis, 72, 164
see also Enzyme catalysis
changes In see Free energy change Delta G (AG)
favarable vs. unfavorable reactions, 75F,
824-825, 825F
importance for life, 1, 8
sources, for organotrophs vs phototrophs vs
lithotrophs, 12
translation accuracy, 385
Free energy change Delta G (AG), 75-78, 119F
calculation, redox potentials, 830
electron transfer, 829
equilibrium constants, 76, 77T
reaction concentration effects, 76
reaction coupling, 75F, 78F, 825, 825F
sequential reactions, 77-78
Free radicals, 832-833, 874, 1532
Freeze-etch electron microscopy, 610F
FRET see Fluorescence resonance enerqy transfer
(FRET)
Fringe family of glycosyltransferases, 947
Frizzled gene/protein, 1316T
C.elegans development, 1324, 1325
planar cell polarity, 1158
polarity-signaling pathway, 1359
Frog(s}, 411, 413F
see aise Xenopus laevis
Frozen sections, 585
Fructose 1, 6-bisphosphate, 120F
Fructose §-phosphate, 120F
Fructose, structure, 112F
Fruit fly see Drosophiia meianogaster
F-site {ribosome binding), 375F, 376
FtsZ protein, 989-991, 989F, 989FF
F-type pumps (ATPases), 659-660, 66CF
Fugu rubripes see Puffer fish (Fugu rubripes)
Fumarase, 123F
Fumarate, 122F 123F
Functfonal genemics, tagged knockouts, 569-571
Fungi
antibictic production, 383-384
dimorphism, 1494
evelutionary origin, 29-30
pathogenic, 1494
prion proteins, 398
Fushi tarazu mutant, Drosophiia, 1337
Fusicn proteins
virus, membrane fusion, 764-765
see also Protein tags, individual fusions

G

Delte G (AG) see Free energy change Delta G (AG)
Go phase of cell cycle see Cell cycle
Gy-Cdk, 1062, 1066, 1103-1105
Gi-cyclins, 1062
Gy phase of cell cycle see Cell cycle; Cell cycle
control
G1/5-Cdk, 1062, 1066, 1103-1105
G1/5-cyclins, 1062
Gz/M checkpoint, 1061, 1062, 1066, 1105
G; phase of cell cycle see Cell cycle
GABA (y-aminobutyric acid}
neurotransmitter role, 5684, 808
receptors, psychoactive drug effects, 686
Gag (viral capsid) proteins, translational
frameshifting, 383, 384F, 485F, 1498F,

Page humbers in boldface refer to a major text discussion of the entry; page numbers with an F refer to a figure, with an FF to figures that follow consecutively;
naae numbers with 2 T refer to a table: v mean< cnomnare/ramnarisnon
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1521F
GAGs see Glycosaminoglycans (GAGS)
Gain-of-function mutation(s}, 528F, 557-558, 564F
Gal4 gene/protein, 1350F
DNA sequence recegnition, 418T
GAL4/UAS technique, 1350F
Galactocerebroside, 628F
Galactose, in N-linked oligosaccharides, 773F
Gamete(s), 1269
haploid state, 1269, 1272, 1281
production by cell division see Meiosis
see also Egg {ovum); Spermatozoa
Gamma aminobutyric acid (GABA} see GABA
{y-aminobutyric acid)
Ganglioside(s)
G, 628F, 629
membranes, 628
GAP see GTPase-activating proteins (GAPs)
Gap genes, 1333, 1337-1338, 1337F, 1338F
Gap junction(s), 1158-1164
cell communicaticn, 884, 884F
channel proteins, 667
columnar epithelium, 1134, 1134F
dynamics/tumnover, 1160-1161, 1160F
electrical coupling, 1158-1159
functions, 1161
metabolic coupling, 1158-1159
occyte-follicle cell, 1290
permeability regulation, 1161-1162, 1162F
plasmodesmata vs, 1163
size determination, 1159, 1159F
structure, 1159, 1159-1161, 1159F, 1160F
see also Connexins
structure—function relationship, 1159-1160
GARP gene regulatory proteins, family membersin
different eucaryotes, 1400T
Gastric acid secretion, 1436
Gastric cancer, Helicobacter pylorf association, 1503
Gastrula, 1363F
Gastrulation, 1307
gut origin by, 1307, 1307F
sea urchin, 1307F
Xenopus see Xenapus laevis development
GATA-1, 418T, 451F, 1456
Gated transport, between nucleus and cytoplasm,
700, 701F
Gating, ion channels see lon channel(s)
Gend protein, 418T, 424F, 490-491
GEF see Guanine nucleotide exchange factor
Geiger counter, 601
Gelis)
GAGs and, 1179-1180
gel-forming proteins, 1006, 1009F
Gelfiltration chromatography, 512, 514F
matrices, 534F
protein purification, 535F
Gel-mobility shift assay, 427-428, 428, 428F
Gelsolin, 994F, 1000
Gel transfer see Blotting
Geminin, destruction by APC/C, 1068-1069
GEMS (gemini of coiled bodies), 363-364, 364, 365F
Gene(s)
amplification
in cancer, encogenes, 1237-1239
PCR see Polymerase chain reaction (PCR}
cancer-critical see Cancer-critical genes
chromosomal location, 204205, 204F, 554F
see also Genetic mapping
definition, 7-8, 195, 204, 440, 554F
history of concept, 480-481
modification, 480-481
DNA structure and, 199-200, 202
see also DNA structure; Genetic code
evolutienary innovation, 19
expression see Gene expression
function(s)
antibiotic resistance, 318F
biochemical analysis, 23-24
deduction from mutant phenotype, 23-24,
553
tagged knockouts, 570
targeted mutations, 575
heusekeeping, 434, 470
prediction from sequence homology, 22
generation from pre-existing genes, 18-19
homologs, 20-21, 20F, 21F, 246
identification, 207, 329, 429, 560F
see aiso specific methods
imprinted see Genomic imprinting
jocalization see Genetic mapping

loss, cancer cells, 1232
see also Cancer-critical genes

manipulation see Recombinant DNA technology;

Transgenic organism(s}
numbers, 204, 204F
orthologs, 20-21, 20F, 21F
paralogs, 20-21, 20F, 21F
pseudogenes see Pseudogenes
sequencing see DNA sequendcing
structure see Gene structure
transcription units, 336
see also entries beginning gene/genetic
Gene activator proteins see Transcriptional
activator(s)
Gene batteries, coordinated by critical requlatory
protein, 463-464
Gene clock, 461F
Gene cloning, 542
PCR cloning, 544-546, 545F
“shotgun” approach, 542
see aiso DNA cloning
Gene control region(s), 438F, 440, 441F
enhancers, 438F
insulators, 452F, 453
LCRs, 450-452, 451+
promoters see Promaoter elements
regulatory modules
in Drasophila (eve gene), 448, 449F
in mammals, 450-453, 450F, 451F, 452F
see also Gene regulatory protein(s)
Gene conversion, 314-315
Holliday junctions, 311, 314-315
mismatch conversion, 315F
in tumor suppressor gene loss, 1236F
Gene duplication(s}, 18, 19F, 40F, 246
collagen genes, 1185-1186
fate of duplicates, 255
functional divergence, 40F, 246, 254-255
see also Gene families
genome evolution, 253-254
protein kinase evolution, 176
in protein module shuffling, 140-141, 141F
rates, 255
vertebrate evolution, 38-39
Xenopus genome, 38-39, 39F
zebrafish genomes, 255
see also Gene families; Genetic redundancy;
Pseudogenes
Gene exprassion, 6, 195F, 200F
analysis, 414FF, 553-576
2D-PAGE, 412, A14F
approaches, 553
see also Genetics
DNA microarrays, 34-35, 412, 414F, 537,
574-575, 574F, 575F
cluster analysis, 575, 575F
reporter gene assay, 572-573, 572F
cancer and, 1237-1239
chromatin condensation, 285-286
heterochromatin role, 220
see also Chromatin; Chromosome
condensation; Gene silencing;
Heterochromatin
control/regulation see Gene expressicn
regulation
DNA methylation and, 467-468, 468F
DNA signals for transcription, 336-340
see afso Gene control region(s}
efficiency, 331, 332F
eucaryotic, 345F, 412, 462, 463f
heritability, 454, 458, 458F, 466
see also DNA methylation; Epigenetic
phenomena; Gene silencing
human, 412
position effects, 220, 221F
position effect variegation (PEV), 221, 221F
procaryotic, 345F
proportion of genome expressed, 412
transcription units, 334F, 336
variation between cell types, 412
see also Transcription; Translation
Gene expression regulation, 411-499, 451F
combinatorial control, 424-825, 425, 425F, 465,
A65F
controllable steps, 379F, 415
coordinated control, 462-463, 462F, 464, 464F
DNA structure role, 416-417, 417F
evolution, 439-440
gene control regions see Gene control region(s)
genetic switches see Genetic switches

hormonal, glucocorticoid requlation, 412, 415,
63, 463F
manipulation site-specific recombination,
325-326
memory devices, 458, 458F
mRMNA degradation control, 379F, 415, 492-493
"noise,” 476-477
oscillatory devices, 461, 461F
post-transcriptional see Post-transcriptional
regulation
protein activity control, 379F, 415
regulatory proteins see Gene requlatory
protein(s)
transcriptional see Transcriptional control of
gene expression
see glso Chromosome puffs; Drosophila
development
Gene families
commaon to archaea, bacteria, and eucaryotes,
23,247
evolution, 19-21
duplication and divergence, 255
glohin genes, 256-257, 256F
see afso Globin genes
see also Protein families
Gene knockouts
deletion cassettes, 57
functional genomics, 569-571
mouse, 566-568, 567F, 568F
production, 567F
Gene oscillation, synthetic biology, 461F
General recombination see Homologous
recombinaticn
Gene regulatory circuits, mathematical modeling,
35, 35F
Gene regulatory proteinis), 222, 343, 343F,
379-471, 4187
analysis technigues
affinity chromatography, 428-429, 429F
chromatin immuneaprecipitation, 431-432,

DNA sequence determinaticn, 429-430, 430F
gel mobility shift assay, 427-428, 428F
discovery, 416
DNA sequence recognition, 418-419, 418T
prediction, 426
sequence determination, 429430, 430F
see afso DNA-binding motifs
eucaryotic, 399-409, 434, 440-441
activators see Transcriptional activator(s)
complex assembly, 445-447, 447, 447FF,
464-465
see also Combinatorial control
coordinated gene control, 462-463, 463F, 464,
464F

developmental expression, 448, 448F, 449FF

diversity, 31

downstream gene batteries, 463-464

enhancesome, 446-447, 447F

glucocorticoid receptor protein, 463, 463F

major families, 1400T

mechanisms, 438F, 442F, 445, 445F, 446F

modular nature, 442, 442F, 447-448, 449FF

muiticellular development and, 465, 465F
see afso Drosophiia development

regulation, 450-451, 451F

repressors see Represser proteinds)

transcriptional synergy, 444-445, 444F,

A64-465

see also Transcription factors,general (TFIl)
heterodimerization, 424-425, 425F

see also Combinatorial control
latent see Latent gene regulatory proteins
negative control, 434, 436F

see also Repressor protein(s)
positive control, 434, 436F

see also Transcripticnal activator(s)
protein-DNA interactions, 416, 417F, 418-419,

see also DNA-binding motifs (proteins);

Protein—-DNA interactions

protein—-protein interactions see Combinatorial
control

recognition sites see Genetic switches

transcription factors see Transcription
factors,general {TFIl}

transcription requlation see Transcriptional
control of gene expression

see also specific proteins

Gene replacement, genetic engineering, 566F



INDEX 1:21

Gene repressor proteins see Repressor protein(s)
Gene silencing
CG {CpG) islands, DNA damage, 300-301
haterochromatin role, 220, 221F

germ-line mutations, 575 252F

protein sequence alteration, 565F conserved synteny, 207, 208F, 250

RNA interference {RNAI), 572 mammals, conservation in, 39-40
site-directed mutagenesis, 565F single nucleotide polymorphisms (SNPs), 259

mating-type switching in yeast, 456, 457F

tumor suppresser genes, 1236, 1236F

see also DNA methylation; Genomic imprinting;
Repetitive DNA; X-inactivation

Gene structure

eucaryotic, 347, 348F
exons see Exon(s)
gene control region see Gene control
region(s)
human, 205-207, 206, 206T, 348F
intron-exon organization, 348
introns see Intron(s)
pre-mRNA processing, 347
see also Splicing
procaryatic
bacterial chromosomes, 202, 1491F
operons, 433F, 462-463

Genetic code, 199-200

codons see Codons
DNA structure and heredity, 199
evolution, 300, 407-408
reading frames, 368, 368F
redundancy, 247, 354, 367, 368
universal, 367
variations, 382-383
Candida CUG codon, 383
mitochondrial variations, 367, 383, 862, 862T
translational recoding, 383, 383F, 384F
see afso Translation

Genetic disease

integrin mutations, 1172-1174

somatic nuclear transplantation, 508

Genetic diversity, meiosis role, 1271, 1279-1280,
1279F

Genetic engineering, 532, 564-568

dominant negative mutant generation, 564,
FF

gene replacement, S66F

germ cell gene insertion, 565-566

inducible promoters, 564

protein sequence alteration, 564-565, 565F

sequence tags, 570

transgenic organisms see Transgenic organismi(s)

see also Genetics; Recombinant DNA technology:
specific technigues

Genetic exchange, homelogous recombination,

305

Genetic information

defining feature of life, 2
nat necessarily encoded in nucleic acid {prions),
1498

Genetic instability

cancer, 1214-1215, 1254, 1254F

DNA repair defects, 295T

from p53 loss after telomere shortening, 1217
prevention, 315F

Genetic mapping

based on meictic recomhbination, 554F
linkage analysis, 559-560, 560F
see afso DNA sequencing

techniques, 563-564
in vitro mutagenesis, 575
see aiso DNA claning; Genetic engineering
Genetic screens, 553, 553, 555
mutant identification, 556~557
behaviaral, 556, 557F
Genetic switches
complex developmental, 447-448, 448F
see also Eve {even-skipped) gene
DMA sequences, 418
see afso DNA-binding motifs
avolution, 439-440
mechanisms, 432-454, 436F
operators, 433-434, 433F, 434F
repressors see Repressor protgin(s)
transcriptional activators see Transcriptional
activator(s)
Genital ridge, 1283
Genome(s), 8, 200
Arabidopsis thaliana, 142
chromosomes see Chromosome(s)
cloning, 541-542
see glsc DNA cloning; DNA libraries
completely sequenced erganisms, 18T
complexity, 142, 204-205
CG (CpQ) islands, 470-471
gene numbers in different organisms, 18T,
863-864, 864F
noncoding regions see Monceding DNA
variation in intron/exen length, 352, 353F
composition, 329
conserved synteny, 207, 208F, 250
diversity, 11-26
duplication{(s), Xenopus, 38-39
evolution see Genome evolution
HIV, 485F
human see Human genome; Human genome
informaticn coding, 329, 330F, 331, 331F
central dogma see Messenger RNA;
Transcription; Translation
potential, 348
see also Genome evolution
see also DNA (deoxyribonucleic acid); Gene
expression; Genetic code
mitochondrial see Mitochondrial genome
mouse see Mouse
multicellular development control, 31-32, 32F
organelles
chlereplast see Chloroplast(s), genome
mitochondrial see Mitochondrial genome
replication, 200
see also Chromosome replication; DNA
replication
sequencing see Genome sequencing
size variations, 18T, 30-31, 200, 246, 251
minimal for life, 10, 11F
minimum gene complement (Mycoplasma),
10, 570-571
see aisc Genome evolution
transposon movements, 323

see also Genome sequencing
sequence divergence, 247
ancestar tracing, 247, 248F
human-mouse, 249F
molecular clock hypothesis, 248-249
phylogenetic trees, 247, 247F
see also Comparative genomics
size changes, 251
synteny blocks, 250
transposons, 249F, 250F, 323, 323F
zebrafish, 255
Genome instability
DINA repair defects, 295T
prevention, 315F
Genome sequencing, 18T, 142, 551-552
comparative see Comparative genomics
conserved vs. nonconserved regions, 207
homology searches, domain fusions, 560F
see also Genome evolution
Genomic DNA clene, 542
PCR cloning, 544-546, 545F, 546F
Genomic DNA libraries, 542
human, 542F
vs. cDNA, 543F, 544
Genomic imprinting, 468-470, 469F, 1287
as epigenetic phenomena, 472-473
insulin-like growth factor-2, 469-470
see also Gene silencing; X-inactivation
Genomic plasticity, retroviruses, 1520-1523
Genomics
comparative see Comparative genomics
genome sequence analysis, 552
tagged knockouts, 569-571
Genotype, 553, 554F
Geochemical energy, fueling life, 12
Germ cell(s), 1271
Caenorhabditis elegons, 1322-1323
determinants, 1282, 1282F
gene insertien, genetic engineering, 565-566
see also Egg (ovum); Gamete(s); Spermatozoa
Germinal centers, antibody affinity maturation,
1566
Germination, energy reserves, 95
Germ layers, 1365-1365, 1365F
Germ-line
DNA, antibody genes, 1563F
functions, 265F
gene replacement see Transgenic organismis)
mutations, 264, 265, 575
reverse genetics, 575
P granules role, 1323-1324
Vasa protein in determination of, 1324
GFP see Green flucrescent protein (GFP)
Giant chromasomes see Polytene chromosome(s}
Giardia, in tree of life, 16F
Gibberellic acid (GA3), 1406F
Gibberellins, 957, 1403
Gibbs free energy see Free energy
Glandular fever, Epstein-Barr virus (FBV}, 1499
Glanzmann’s disease, 1174

Genetic mosaic, Drosophila development, 1348
Genetic recombination see Recombination
Genetic redundancy, 39

Genetics

see also individual species

Genome evolution, 245-260
accelerated change, 253, 254F
additions, 250, 258

GleNAc phosphotransferase, 785, 786F

Gleevec (STI-751), chronic myelogencus leukemia
therapy, 1261

Glial cells, 680F, 1383-1384

classical, 553, 554-527

chromosomes see Chromosomel(s)
complementation tests, 528F, 558
genes see Gene(s)
genotype, 553
haploid-diploid cycle, 554F

see also Meiosis
heterozygote, 554F
historical aspects, 195-196, 195-197
homozygote, 554F
linkage analysis, 560F
mutation see Mutation(s)
phenotype, 553, 554F
recombination see Recombination
two genes or one?, 528F

see also Complementation tests

reverse, 553, 563, 563-564, 575

dominant negative mutant generation, 564FF
gain-of-function mutant generation, 564F
gene replacement, 567F

see ofso Recombination; Transgenic

organismis)

CG(CpG) islands, 434, 470
chromosome(s), 207, 208F
gene duplications, 253254
gene number vs complexity, 246
human variation, 258-260, 259-260, 259F
human vs chimpanzee, 247, 247F, 248F
human vs mouse, 249-250, 249F
human vs puffer fish, 251F
intron—exon gene structure, 348
losses, 250, 258
mechanisms, 246
exon shuffling, 257
gene duplication see Gene duplication{s)
genome duplication, 38-39, 140-141, 255
mutation see Mutation(s)
see also Mutation rates
neutral mutations, 257-258
arganellar, 859-860, 860F, 861F
protein module integration, 140
sequence analysis, 207, 246
conservation, 39-40, 246
conserved sequence identification, 252-253,

myelin production, 678
radial, 1385F
Glioblastorna, epidermai growth factor (EGF), 1238
Gli protein, 951
Globin(s), 256
fetal, 256, 256F
genes see Globin genes
homologies and evolutionary tree, 21F, 256F
see also specific types
B-Globin gene, 256
abnormal pre-mRNA processing, 355F
chromatin structure, 288
gene expression regulation, 450-452, 451F
human DNA sequence, 199F, 200F
human vs mouse, 250F, 323F
mutations, 288, 288F, 355F, 452
see also Thalassemia, B-globin abnormalities
structure, 348F
Globin genes
expression regulation, 450-452, 451F, 452F
see also Locus contral region(s)
gene clusters, 450-451, 451F, 452F
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evolution by duplication, 256-257, 256F
a-globin, 256-257
3-globin see B-Globin gene
S-globin, 256-257, 451, 452F
vglobin, 451, 452F
pseudogenes, 257
Glomeruli, of clfactory bulb, 143¢
Glucagon, 9G7T
Glucocorticoid receptor protein, gene exprassion
regulation, 463, 463F
Glucocorticoids, gene expression regulation, 412,
415, 463, 463F
Gluconeogenesis, 102
Glucose
disaccharide biosynthesis, 57F
oxidation, 57, 100F, 120F
total energy yield, 823, 8247
see also Glycolysis
structure, 56F, 112F
transport, 657F, 798
Glucose 6-phosphate, 120F
Glucose transporter, transcytosis, 798
Glucosyl transferase, pretein folding function, 739
Glutamate {glutamic acid}
neurotransmitter role, 684, 691, 808
structure, 129F
Glutamine, structure, 129F
Glutamine synthase, ATP hydrolysis, 81F
Glutaraldehyde, 585, 605, 605F
Glutathione dismutase, 868
Glutathione S-transferase (GST), protein tags,
514-515, 515F, 516F
Glyceraldehyde, 112F
Glyceraldehyde 3-phosphate, 91, 92F, 120F, 121F,
846

carbohydrate source, 854
carbon-fixation cycie, 845, 845F
glycolysis, 854-855
Glyceraldehyde 3-phasphate dehydrogenase, 91,
121F
Glycine, 129F
neurotransmitter role, 684, 808
Glycocalyx, 636, 637F
Glycogen, 91, 94, 94F
Glycogen synthase kinase 3[3 (GSK3[), 949, 94SF
Glycolipidi(s)
aggregates, 115F
membranes, 628-629, 628F
side chain diversity, 636
structure, 115F
synthesis in ER, 744-745
Glycolysis, 88-91
anaerohic, 88, 839
see aiso Fermentation(s)
ATP production {net gain), 89, 121F
chloraplasts, glyceraldehyde 3-phosphate,
B54-855
energetics, 91
energy storage by reaction coupling, 91, 92F
enzymes, 53-89, 88-89, 51, 92F, 120-121FF
see also specific enzymes
evolution, 88
metaboiic interrelationships, 102F
NAD*/NADH role, 89
pathway, 89F, 91, 92F, 93F, 120-121FF
Glycoprotein(s), 635-636
cell-cell adhesion, 636
synthesis, 736-738, 737F, 747F
Glycosamineglycans (GAGs), 1179-1180
basal famina, 1165
compressive forces, 1180-1181
protein attachment see Proteoglycan(s}
proteoglycan production, 776
structure, 1179, 1179F, 1180F
see also specific types
Glycosphingolipidis)
fipid rafts, 807
pratein sorting, 806-807
synthesis, endoplasmic reticulum (ER), 744-745
Glycosylation, 776-777
proteins see Protein glycosylation

Glycosylphosphatidylinositol {GPI) anchar, 630, 636,

742-743, 742F, 807

cell-surface proteoglycans, 1183
Glyoxylate cycle, 722
Glyoxysomels), 722, 722F
Glypican, 1184
Goblet cells, 1434-1436

Golgi apparatus, 772

intestinal, 1526F

mucus secretion, 772, 774F, 1437

respiratory epithelium, 1433, 1435F

structure, 774F

Golgi apparatus (Golgi complex), 766

antigen processing/presentation, 1583F

cellular distribution, 772

cis Golgi network (CGN) see Cis Golgl network
{CGN)

cisternae, 771-772, 771F, 778F

cisternal maturation madel, of transport
through, 778

clathrin-coated vesicle formation, 754-758,

distribution during cytokinesis, 1098
enzymes, importance, 731
exit face, 772, 778F
functional compartmentalization, 778F
membrane amounts, 697T
membrane proteins, glycosylation, 635
microtubule motors, membrane organization,
1021
molecular compartmentalization, 773
oligosaccharide chain processing, 773-775,
775F, 777
pasition in cell, 697
proteoglycan assembly, 725-776
selective protein retention, 731
structure, 696, 771-773, 771F, 778F
trans face (exit face), 772, 778F
trans Golgi network (TGN} see Trans Golgi
network (TGN}
transport from ER, 766-787
see also Endoplasmic reticulum (ER}
transport threugh, 777-778
transport to cell surface from, 799-809
see also Exocytosis
transport to lysosomes, 779-787, 785F
GleNAc phosphotransferase, 785, 786F
M6P addition, 785
M6P recepiar, 783-784
vesicular transport model, of transport through,
777-778
voiume, 6977
Gonad(s), development
PGC migration, 1283, 1283F, 1285
Sry gene and testes development, 1283-1285,
1286F
Gooseberry mutant, Drosophila, 1337
Gp 120 protein, 7565F
GPl-anchored proteins see
Glycosylphosphatidylinasitol (GPI)
anchor
G protein(s} {trimeric GTP-binding
proteins/ATPases), 179, 892, 905
o subunit, 905, 906F
By complex, 9C5, 906F
activation, 905-906, 906F
downstream effects
cAMP, 805-906
inositol-phosphalipid signaling, 909-911
on ion channels, 906-907
Gu, e [3)
Gi (inhibitory G protein}, 906-907, 21T
o, 9197
Golf, 917, 919T
Gg, 9197
Qs (stimulatery G pretein), 906-907, 9197
(3¢ (transducin), 918, 9197
imactivation, S06F
monomeric GTPases vs G proteins, 896
receptor coupling see G protein-coupled
receptors (GPCRs)
G protein-coupled receptors (GPCRs), 641, 892,
893F, 903F, 904, 904-921, 904F, 9C5F
cyclic AMP and, 905-208, 906F, 907F, 907T
desensitization, 924, 920F
Flamingo proteins, 1145
incsitol phosphelipids and, 910F, 210T, 911F,
911FF, 919-921
olfactory receptors, 917
photoreceptors, 917-918
regulating ion channels, 16
signal amplification, 919-920, S20F
visual transduction, 917-918, 918F
see also specific receptors
G protein-linked receptor kinases {GRKs), 920, $20F
Graft rejection, 1575
Gram-negative bacteria, 1490F, 1527
Gram-positive bacteria, 1490F, 1527
Granular layer, of epidermis, 1419, 1419F

Granules, phagocytic cells, 1532
Granulocyte(s), 1460, 1460T
see also Basophils; Eosinophils; Neutrophil(s)
Granulocyte CSF {G-C5F}, 1460T
Granulocyte/macrophage CSF (GM-CSF), 1460T,
1461F

Granulocyte/macrophage (GM) progenitor cells,
1460

Granulosa cells, 1291, 1291F, 1298
Granzyme B protease, 1577, 1573F
Grb-2 protein, 928
Green fluorescent protein {GFP), 592-593, 594F
gene expression regulation, 476-477
intracellular visualization see Fluorescence
rescnance energy transfer (FRET)
structure, 593F
vesicular and intracellular transport studies, 753F
Green sulfur bacteria, electron transport, 873F
Grids, electron microscopy, 605, 605F
GroEL chaperone, 390F
Ground tissue, of plants, 1402, 1404F
Group lintrons, 334, 356, 356F
Group Il introns, self-splicing mechanism, 356, 356F
Growth cones, neuronal, 1048, 1049F, 1386-1389,
1386F, 1447F
change of sensibilities, 1389
collapse, 932F
steering developing neurite, 1387-1389
Growth factors, 1102
competition for, 1110
mechanisms of action, 1108, 1108F
see afso Mitogen(s); specific factors
Growth regulators in plants (plant hormones),
957-961
Growth, retardation, DNA repair defects, 295T
GSK3p, 950, 952F
GTP {guanaosine triphosphate), 98
protein phosphorylation, 178-179
structure, 99F
GTPase see GTP-binding proteins {GTPases}
GTPase-activating proteins (GAPs), 179, 180F, 896,
896F

GTP-binding proteins {GTPases), 178-181
cellular requlators, 178-179, 179F, 180F
phosphorylation vs,, 180F
monomeric, 179-180, 179F, 180F, 758-760
Rab family (vesicle docking), 760-761
Ran GTPase, 708-709, 705F, 710F
Ras family see Ras GTPase(s)
Rho family see Rho GTPase(s)
Sar1 {vesicular coat assembly), 759, 759F
trimeric (G proteins) vs., 896
see also specific GTPases
movement generators, 179-181, 181
regulation, 179, 180F
see also GTPase-activating proteins (GAPs);
Guanine nucleotide exchange factor
{GEF)
trimeric see G protein(s); G protein(s) {trimeric
GTP-binding proteins/ATPases)
GTP caps, microtubules, 977, 979, 979F
GTP exchange factors, 377F
Guanine, 197
base-pairing, 198F
deamination, 301F
RNA structure, 332
structure, 116F, 301F
Guanine nucleotide disocciation inhibitors (GDls},
931
Guanine nuclectide exchange factor (GEF), 896,
896F
elF-2 recycling, 488-489, 490F
functional role, 179, 180F
micratubule association, 1043-1044
mitotic spindle formation, 1081
Ras GEF, 179
RhoA activation, 1095
Guanaosine triphosphate see GTP (guancsine
triphosphate)
Guanyl transferase, 5° mRNA capping, 346, 347F
Guanylyl cyclase
regulation, 888F, 889
see also Recepior guanyly! cyclases
Guide RNAs, 361, 362F
RNA editing, 483, 484F
Gut
cell migration, 1440-1441, 1440F
cell turnover, 1436-1437
development, 1307, 1307F, 1322F
endocrine cells {enteraendocrine cells), 1437,



INDEX

1437F
histology, 1436, 1436-1444, 1436F
Vibwrio cholerae colonization of, 1503

H

H* (proton} see Hydrogen ion {H™, proton)
Haemophilus influenzae, genome sequence,
551-552
Hair cells, 609F, 1429, 1430-1432, 1431FF
Hair follicle, 1418F, 1426
Hairpin structures, RNA, 338, 403F
Hairy gene, 1337, 1371
Half-life, radioisotopes, 601, 601T
Haiobacterium salinarum, 640-642, 640F
Haloferax, in tree of life, 16F
Haploid state
diploid state vs., 34
in sexual reproduction, 1269-1271, 1270F, 1272,
1281
see also Meiosis
yeast, 34
Haplotype blocks, 561-562, 562F
Haplotype maps (hapmaps), 561, 562
HATS see Histone acetyltransferases (HATS)
HDACs see Histone deacetylases (HDACs)
HDV fold, 406F
Head polymerization, B6, 87F, 373
Heart muscle see Cardiac muscle
Heat energy, 6768, 69F, 118F
brown adipose tissue, 838
enzyme catalysis, 74
Heat-shock
induced somatic recombination, 1348
proteins (HSPs), 188
see also Chaperones; specific proteins
see atso DNA repair
Heavy (H} chain (antibodies}, 157F, 1553-1557,
1554F
constant domains, 1558-1559, 1559F, 1560F
gene segment pocl, 1563F
IgM, 1555F
repeating domains, 1559
variable domains, 1558-1559, 1559F, 1560F
Heavy isotopes, equilibrium sedimentation, 511
Hebb rule, 1396
Hedgehog protein, 950
Hedgehog signaling pathway, 950
absent in Arabidopsis, 1400
animal development, 1316F
Drosophila, 1340, 1353, 1353F
in gut, 1441
in skin, 1426
Helicobacter pylori
chranic illness, 1500
colonization of stomach, 1503
genome size, 18T
stomach cancer causation, 1228, 1229
Helix
commeoen molecular structure, 143, 145
double {DNA) see DNA structure
handedness, 143
properties, 146F
Helix destabilizing proteins see Single-strand DNA-
hinding proteins (SSBs)
Helix-loop-helix motif, 425-426, 426F
Helix-loop-helix proteins, 425-426, 426F
Helix-turn-helix motif, 419-420, 420F
sequence recognition, 420-421, 421F
structure, 420F
Helix-turn—helix proteins, 420, 420F
DNA-binding motif see Helix—turn—helix motif
homeadomain proteins see Homeodomain
proteins
Helper T-cell(s) (Ty), 1570, 1574~1575, 1583-1585
antigen recognition, 1583-1585
B cell activation, 1574-1575, 1597-1598
CD4 co-receptor role, 1580-1581, 1581F
class switching, 1568
cytokine production by, 15987
immunological synapse, 1597T
selection in thymus, 1585-1586, 1587F
Th1 vs. Tu2 choice, 1574F, 1592-1594, 1593F
type 1 (Ty1), 1574F, 1575, 1592
activation of macrophages, 1594-1595,
1595F
dendritic cell activation, 1593F
T2 vs., 1574F, 1592-1594, 1593F
type 2 (Ty2), 1574F, 1575, 1592-1593

activation of B cells, 1598
cytokines, 1593
dendritic cell activation, 1593F
T vs, 1574F, 1592-1594, 1593F
see also CRA T-cell(s); T cell(s}
Hemangioblastoma, 1449
Hematoxylin, 585, 585F
Heme groups, 830F, 831
iron coordination, 166, 166F
porphyrin rings, 830F, 831
Hemidesmasome(s), 1134, 1134F, 1135T, 1170,
1171F
intermediate filament attachment, 1144F, 1171F
keratin filaments, 986
Hemoglobin {Hb), 21F
coeperativity, 256, 256F
evolution, 256-257, 256F
gene homologies, 20
see also Globin genes
iron coordination, 166, 166F
structure, 144F, 166F, 256-257
globin chains, 256-257, 256F
heme groups see Heme groups
see also Globin(s)
subunit interactions, 142-143, 143F
Hemolysin, Listeria monocytogenes, 1511-1512
Hemophilia, mutations, 348F
Hemopeiesis, 1450-1463
bane marrow, 1453-1456
cell death in, 1462
commitment, in, 1456-1458
see giso Transit amplifying cells
control, 1454
by apoptosis, 1462
by celony-stimulating factors, 1459-1461
muttiple control peints, 1461F
lineage diagram (scheme), 1457F
from multipotent stem cells, 1456
see also Erythropoiesis; Hernopoietic stem cells
Hemopoietic cells, 1461-1462
Hemopoietic stem cells, 1450-1463
in bone marrow, 1454-1462
cell-surtace markers, 1456
commitment, 1456-1458
dependence on stromal cell contact, 14581459,

division rate, 1458
gene therapy potential, 1456
pluripotent, lymphacyte origin, 1543
rescue of irradiated individuals, 1456
self-renewal, 1458
see also Hemopoiesis
Hemopaietic tissues, origin of lymphocytes, 1543
Hemorrhagic fever, viral, 1502
Heparan sulfate, 881,1183
Hepatitis, 1505
Hepatitis B infection, liver cancer causation,
1227-1228,1227T
Hepatitis virusies)
chronic iliness, 1500
liver cancer and, 1227-1228
receptors, 1505
Hepatocyte(s), 1442, 1443-1444
electron micrograph, 698F
glucccorticeid-mediated gene expression, 412,
415, 463
organelles, membrane amounts, 697T
smooth endeptasmic reticulum, 725
Hepatocyte growth factor {HGF), 1443
Her2 protein, in cancer therapy, 1260
Hereditary nonpolyposis colorectal cancer
{HNPCC), 277, 1254
Heredity, 195
defining feature of life, 1
see aiso Inheritance
Hermaphrodite, C efegans, 1321
Herpes simplex virus {(HSV), 1487-1488, 1496
MHC class | protein translocation inhibition,
1535-1536
receptors, 1505
Herpes virus(es), 1496F
assembly, 1514F
envelope acquisition, 1514F
microtubule-based movement in axons,
1516-1517, 1516F
Hes! gene, 1371
Heterocaryon(s), S09F, 643, 643F
Heterochromatin, 220-222, 238-239, 1070
bictegical functions, 220-221
centromeric {centric), 220
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see aiso Centromere(s)
dynamics, 220
gene expression regulation, 366, 445, 452-453
gene silencing, 220, 221F
position effects and pasition effect
variegation, 221, 221F
X-imactivation, 285
see also Gene silencing; Insulator elements
heritability, 221, 221F
histone modification, 238-239
multiple forms, 238-239, 238F
organization, 220-222
replication, 285
shert tandem repeats, 547F
X-inactivation, 474475
Heterochromatin protein 1 (HP1), 238
Heterochronic genes, 1326~1327, 1326F
Heteroduplex joints, 305F, 306, 324, 325F
Heteroduplex, meiotic recombination, 314, 314F
Heterogeneous nuclear ribenucleoproteins, 353F,
358
Heterophilic binding, 1146
homeophitic vs., 1138F
Heterotypic membrane fusicn, 768
Heterozygote, definition, 554F
Hexokinase, 120F, 159
Hexoses, 112F
High-density protein arrays, protein-protein
interactions, 523
High-mannose oligosaccharide(s), 774, 774F
High-perfarmance ligquid chromatography (HPLC),
513

Hinge region, antibody molecule, 1552, 1553F
Hippocampus, glutamate receptors, 691-692
HIS gene, Saccharomyces cerevisige, 285F
Histamine, 804, 1556
mast cells, 1557F
release, 804, 804F
secretion, 804, BO4F, 1557F
Histidine, 128F, 548
Histidine-kinase-associated receptors, 923,
941-942
Histochemical staining, 554-555, 579, 585F
Histocompatibility molecuie, 1575
see also MHC {major histocompatibility complex)
Histology
airways, 1434-1436
blood vessels, 1445-1450
endaothelial cells, 1445-1450
epidermis, 1417-1428
gut, 1436-1444
liver, 1442-1444
sensory epithelia, 1429-1433
Histone(s), 211-216
addition tc DNA {postreplication), 290
analysis, 211F, 212F
evalutionary conservation, 213
fold, 212, 213F
genes, 289
histore octamer, 211, 212
assembly, 212, 214F
identification, 212F
S phase, 1070
inheritance following replication, 290-291, 291F
in vitro mutagenesis, 213
maodification see Histone modification
mutations, 213
pretein-DNA interactions, 212-213
structure, 212, 213, 213F, 214F
synthesis in 5 phase, 289-290
variants, 224, 224F
see also individual histones
Histone acetyltransferases (HATs), 222, 343, 343F
Histane chaperanes see Chromatin assembly
factors (CAFs}
Histone code hypothesis, 224-226, 2267
Histone deacetylases (HDACs), 222, 446F
Histone H1, 218, 218F
Histone H2A, 211
H2B dimer, 290
interactions, 212, 214F
modifications, 216F
variants, 224F, 474-475
Histane HZB, 211
HZ2A dimer, 290
interactions, 212, 214F
modifications, 216F
Histane H3, 211
centromere-specific variant CENP-A, 231-232,
232F
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HA4 tetramer, 290-291
histone code hypothesis, 225, 225F
interactions, 212, 214F
modifications, 187, 187F, 226, 226F, 290-291,
291F
variants, 224F, 475
Histone H4, 211
evolutionary conservation, 213, 265
H3 tetramer, 290-291
interactions, 212, 214F, 217-218, 218F
modifications, 260-291, 291F
variants, X-inactivation, 475
Histone modificaticn, 222-224, 223F
acetylaticn/deacetylation, 290
amino acid side chains, 222, 222F
chromatin Immunaoprecipitation analysis, 432,
432F
chromatin remodeling, 432, 433F
functional roles
epigenetic, 472, 472F
histone cade hypothesis, 224-226, 226F
transcriptional, 343
histone acetyl transferases (HATs), 222, 343, 343F
histone deactylase complexes {HDACs), 222,
446F

histone tail modification, 222, 223F
polytene chromosomes, 238F
Histoplasma capsulatum, 1494, 1494F
HIV (human immunodeficiency virus), 1496F, 1581
cancer and, 1228T
cell entry and uncoating, 764-765, 765F,
1565-1506, 1506F, 1507
multivesicular bodies, 797
chemckine receptor binding, 765F
co-receptors, 1505-1506, 1505F
drug resistance, 1521
fusion peptide, 1507
genome, 485F, 1498F, 1521
fife cycle, 321F, 486, 486F
microtubule-based movement in axons, 1517
mutation rate, 1520-1521
Nef protein, 485F
receptors, 1505-1506, 1505F
regulated nuclear transport, 443FF, 485-486,
485F, 486F
reverse transcriptase structure, 321F
Rev protein, 443F, 485486, 485F, 486F
Rev responsive element (RRE), 485, 485F, 486F
Tat protein, 478, 485F
transcription attenuation, 478
translational frameshifting, 383, 384F
vaccine development, 1521
see also specific types
HIV-1,1521, 1521F
HIV-2, diversification and origin, 1521F
HLA {human-leucocyte-associated) antigen see
MHC {major histocompatibility
complex)
HLA-DM protein, 1406
HNPCC see Hereditary nonpolyposis colorectal
cancer (HNPCO)
hnRMPs, 353F, 358
Holliday junctions, 371, 312F
double branch migration, 312, 312F
gene conversion, 311, 314-315
isomerization, 311F
Homeobox genes see Homeotic {homecbox) genes
Homeodomain DNA-binding motifs, 420-421,
421F
see also Homeodomain proteins
Homeodemain proteins, 420-421
DNA-binding, 420-421, 421F, 426-432, 430F
evelutionary conservation, 138F, 420-421
heterodimerization, 425F
homclogies, 138, 138F, 421
isolation, 429
plants, 1392
Wuschel, 1410F
Homeotic (homeobox) genes, 420, 1338F,
1341-1347
chromosomal ordering in Hox complexes,
1343-1344
Drosophila see Drosophila melanogaster
homectic genes
family mernbers in different eucaryotes, 1400T
flower development, 1413-1414, 1414F
Hox complex see Hox cormplex
see also Homeodomain proteins; Hox genes
Homeotic mutation
Arabidopsis, 1413F

Drosophila, 1342, 1342F
Homing receptors, lymphacytes, 1550
Homalogous chromosomes (homologs), 202, 1090,
1271
axial cores, 1275
meiotic pairing, 1091-1092, 1271, 1273-1274,
1274-1275, 1274F, 1276F
bivalent formation, 1274, 1274F, 1276F
double strand breaks, 1275, 1280
genetic diversity and, 1271, 1279-1280,
1279F
morphological changes, 1275
nondisjunction, 1236F, 1278-1279
pairing sites, 1274
sex chromosemes, 1275
synapsis, 1275, 1276F
synaptonemal complex, 1274F, 1275-1276,
1275F
telomeres and, 1274, 1274F
transverse filaments, 1276, 1277F
see also Homologous recombination
(crossing-over)
meiotic segregation, 1276-1278, 1277F
nondisjunction, 1236F, 1278-1279
Homologous end-joining, DNA double-strand
break repair, 303
Homologous genes, 20-21, 20F, 21F
Homologous recombination (crossing-over),
304-316
biological functiens, 304-305, 305F
commeon features, 305
control via rmismatch correction, 315F
double-strand break repair, 302-303, 303F,
304-305, 305F, 308-309, 309F
defects, 2957
heterozygosity loss, 310
regulation, 310-311
“repair factories,” 310, 310F
evolutionary benefit, 305
genetic exchange/assortment, 305, 1343
see also meiotic recombination (befow)
mechanism
base-flipping, 307F
base-pairing, 305-206
branch migration, 307F, 308, 308F
heteroduplex joints, 306, 308
Holliday junctions see Holliday junctions
hybridization {synapsis), models, 306F
strand invasion, 306
meiotic recombination, 305F, 312-314, 1092,
1092F, 1271, 1274-1275, 1274F, 1280F
chiasma formation, 1274, 1274F, 1276, 1276F
crossover control, 314
crossover interference, 1280
double Holliday junction, 312, 313F
double-strand breaks, 305F, 312
gene conversion, 314
genetic diversity and, 1271, 1279-1280,
1279¢
heteroduplex, 314, 314F
hot spots and cold spots, 1280
non-crassovers, 313-314
recombination complex, 1275, 1280
regulation, 314, 1280
Spot1, 1280
proteins, 312F
RecA, 306-307, 307-308, 307F
strand exchange see Holliday junctions
strand invasion, 305
see also Linkage analysis; Meiosis
Homology, 20F, 246
Homaophilic adhesion, 1137-1139
heterophilic vs., 1138F
Homo sapiens see Humans (Homo sapiens)
Homotypic membrane fusion, 768, 769F
Homozygote, definition, 554F
Homunculus, 1391
Horizontal gene transfer, 19F, 21-22
antigenic variation, 1520
evolutionary innovation, 19
Hormenes, 882
gene expression regulation, 412, 415, 463, 463F
see alsa individual hormones
Host behavior, modification to facilitate pathogen
spread, 1518
Hast cells
invasion by pathogens, 1501, 1504-1505
bacteria, 1507-1511, 1508F, 15059F
evasion of defenses, 1502-1504
intracellular parasites, 1508-1511

viruses, 1505, 1506F
membrane traffic and pathogen strategies,
1511-1514, 1511F
response 1o pathogens, 1488
transcription shut-down, 1517
virus-induced metabolic changes, 1517-1518
Host defenses, 1501-1502
epithelia! surfaces, 1525-1526
evasion by pathogens, 1502-1504
antigenic variation, 1519-1520
Housekeeping genes, CG {CpG) islands, 434, 470
HoxB complex, expression in mouse, 1346F
HOX code, anteroposterior axis determination,
1342-1346
Hox complex
anteroposterior axis determination, 1342-1346
expression in mouse, 1346F
expression pattern in Drosophila, 1343F
insect and mammal compared, 1346F
sequential gene expression, 1343-1344
Hox genes, 1345, 1355
HPLC {high-perfoermance liquid chromatography),
513

H54 protein, 227-228
hsp40 proteins, 390F
Hsp60 protein, 388, 389
Hsp60 protein, mitochandrial pretein import, 717
Hsp?0 protein, 388, 389, 390F
Hsp70 protein, mitochondrial protein transport,
715, 716F, 717
HTH motif see Helix-turn—helix motif
Human accelerated regions (HARs), 253
Human genetics, 556
Human genome, 205-206, 206T
chromoscmes, 202, 203FF
chromosome 12 translocation, 204F
chromesaome 22, 205F, 206T
gene organization, 205F
replication origins, 287-288
replication rate, 283
t-icop, 293F
complexity, 142, 205-206
composition, 207F
Alu elements, 323F
mobile elements, 207F, 318T, 323
see afso Mchile genetic elements
see glso Noncoding DNA
genes, 142, 2067
requlatory, 206
size, 206
structure, 205-207, 205F, 206, 206T
see also Gene structure
genomic DNA library, 541, 542F
individual variation, 41
mitochondrial, 861-862, 861F
nonretroviral-like retrotransposons, 321-322
phylogeny reconstruction, 248F, 251F
scale, 206F, 206T, 209F
sequencing, 142, 205-206
comparative, 207, 247, 247F, 248F
Human Geneme Project, 205-206, 206, 532
size, 18T
Human Genome Project, 205-206, 206, 532
see also Human genome
Human immuncdeficiency virus see HIY
Human papiliomavirus, cervical cancer, 1499
Humans (Homo sapiens)
geneme see Human genome
as model crganism, 40
in tree of life, 16F
Humoral immune response, 1552-1568
see aiso B cell(s); Immunoglobulings)
Hunchback protein, eve gene activation, 448-450,
449F

Hunter’s disease, 785
Huntingtin, sequence comparisons, 251F
Huntington’s disease, 397, 560
Hurler’s disease, 785
Hyaluronan (hyalurenic acid; hyaluronate), 1179,
1180-1181, 1180F
Hyaluronidase, 1181
Hybrid cells
hyhridomas see Hybridomas
producticn, 509F
Hybridization, DNA see DNA hybridization
Hybridomas, 508-509, 505F
Hydra, asexual reproduction, 1269, 1269F
Hydride ions, electron carriers, 82
Hydrocarbon(s), 106F, 623, 623F
Hydregenation reactions, 71F, 72
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Hydrogen, atomic structure, 46F
Hydrogen bonds, 54, 108F, 110F
aguaporin(s), 675
ball and stick model, 54F
bond length/strength, 53T
DNA structure, 197-198, 198F, 199F, 417
protein-DNA interactions, 417, 417F
protein folding, 130F
protein-ligand binding, 153, 154, 154F
protein structure, 126, 127, 130F
in water, 108F, 110F
Hydrogen ion (H*, proton)
acids, 52
exchange, 109F
gradients to drive ATP synthesis, 100F

primary vs secondary, 1546
see also B cell(s); Immunogloebulin(s); T cell(s)
innate, 1485, 1524-1537, 1539, 1540FF
adaptive vs, 1539, 1540FF
elicitors, 1526-1527, 1527
evolution, 1524, 1531
function, 1524
recognition of pathogens, 1526-1528
respoense to viruses, 1534-1536
Toll-like receptors role, 1530
see aiso Phagocytesis
Immunoklotting, 518, 51SF
Immuneglebulin o (Igog, 1599F
Immunocglebulin A {igB), 1599F
Immunoglebulin(s), 1540, 1552-1561, 1552-1568,

32 integrin ligands, 1174
cell adhesion, 1145, 1146-1147, 1177T
synapse formation and, 1147-1148
evolution, 257F
immunoglobulin fold, 140
structures, 1147F
see also Immunaglobulinis); specific members
immunagold electron microscopy, 606-607, GO7FF
Immunolegical memary, 1546, 1546F
Immunolcgical synapse, 1573, 1591
B cells/heiper T cells, 1597T
signal-relaying junctions, 1132
Immunological tolerance, 1547-1549
acquired, 1546F, 1547, 1547, 1547F
autimmune regulator (AIRE) protein, 1588

intracellular ion concentration, 596
maovement, B27-828, 835, B35k
see also Electrochemical proton gradients;
Proton pumps
pH measurement, 596
water, 828, 828F
Hydregen ion pump (H* pump) see Proton pumps
Hydrogen peroxide, peroxisomes, 721
Hydrolysis, 85F
ATP see ATP hydrolysis
macromolecules, energetics, 84-87
nucleotide see Nucleotide(shhydrolysis
sugars, 56, 57F, 164-165
Hydrolytic editing, aminoacyl-tRNA synthetases,
372,372F
Hydronium ion, 52, 53, 109F, 828F
Hydropathy plots, transmembrane protein(s), 632,
633F
Hydrophilic molecules, 52, 108F, 618, 620, 621F
see afso Water
Hydrophobic chromatography, 512
Hydrophobic interactions, 111F, 381
Hydrophobic molecules, 52, 108F, 618, 620, 621F
proteins, 390-391
see afso Water
Hydrothermal vents, 12, 13FF
Hydroxyl ion, 109F
Hydroxylysines, collagens, 1186, 1187F
Hydroxyprolines, 1186, 1187F, 1190
5-Hydroxytryptamine (5-HT) see Serotonin
{5-hydroxytryptamine, 5-HT}
Hypervariable region, antibody, 1560-1561
Hypodermis (subcutaneous layer), 1418, 1418F
Hypopigmentation (albinism), 786
Hypothalamus, circadian clock, 461
Hypoxanthine, 300, 301F
Hypozxia, angiogenesis activation, 1221
Hypuoxia-inducible factor T (HIF1), 1221, 1448-1449

1CAMs see Intercellular cell adhesion molecules
(ICAMSs)
IFNs see Interferon(s)
IgA see Immunoglobulin A (1gA)
190 see Immunoglobulin D (10}
IgE see Immunoglobulin E {IgE)
1gG see Immuncglobulin G (lgG)
IgM see Immunoglobulin M {igh)
IHog protein, 950
kB kinase {IKK), 953
IxB protein, 953
ILs see Interleukinds)
Image processing
electron microscopy, 610-612
light microscopy, 583-584, 584F
Imaginal discs, 1349-1351
growth control, 1353-1354
wing imaginal disc, 1356F
Imago, 1329
Immature naive B cell, 1553
Immediate early genel(s), 929
Immortal cell lines/immortalization, 504F, 506T,
1059
see afso Cell cycle control
Immortal strand hypothesis, 1424-1426, 1425F
Immune complexes, 1553F
Immune response/system
adaptive, 1541-1542, 1542F, 1545
cell-mediated vs antibody, 1540, 1540F
complement system see Complement system
innate vs.,, 1539, 1540FF
MHC proteins see MHC (major
histoecompatibility complex)

1552F, 1554F, 1557T
affinity, 1558
applications
cell separation techniques, 502
FACS, 502, 503F
fluorescent labeiing, 502, 588
immunoelectron microscopy, 606-607, 607F
immunofluorescence microscopy, 587F,
588-589
immunoprecipitation, 431-432, 432F
microinjection, 597, 598F
monoclanal antibodies, 509
avidity, 1558
classes, 1553-1557, 1557T
see also specific types
class switching see Class switching
diversification, 1562-1569, 1568F
evolution, exon recombinaticn, 257F
genes
gene-pool selecticn, B cell development,

post-transcriptienal regulation, 370
segments, 1562, 1563, 1563FF, 1564-1565
immuneglebulin o {Iga), 1599F
immunoglobulin § (IgB), 1599F
membrane-bound form, 1557
manoclonal see Monoclonal antibodies
responses, 1540, 1540F
primary and secendary, 588, 1546F
see also specific types
structure, 156, 157F, 1558-1559, 1558F, 1559F,
1560F
binding sites see Antigen-binding site
gene-segment pool, 1563F
heavy (H) chain see Heavy (H) chain
(antibodies)
hinge region, 1552, 1553F, 1554F
hypervariable region, 157F, 1559, 1559F,
1560-1561
Ig domains, 1559, 1559F, 1560F
immunoglobulin fold, 140F
light (L) chains see Light {L} chain {antibodies)
paired domains, 141
tail (Fc) region, 1552F, 1554F, 1555, 1555F,
1559
synthesis
in endeplasmic reticulum, 768F
invitro via hybridomas, 508-509, 509F
see also B cell(s)

lrmmunoglobulin A (IgA), 1556, 1556FF, 15577

class switching, 1567
heavy chain, 1553

Irnmunoglobulin D (IgD), 1557T

B-cell development, 1553
class switching, 1567
heavy chain, 1553

Immunoglobulin E (IgE), 1556, 1557T

allergic reactions, 1557F
¢class switching, 1567
heavy chain, 1553
histamine secretion, 1557F

Immunoglobulin fold, 140F
Immunoglobulin G (IgG), 1553, 1554-1556, 1557T,

1559F, 1560F
class switching, 1567
structure, 1561F

Immmunoglobulin-like domain, 1560F, 1599
Immunoglobulin M {Igh), 1553-1554, 1555F,

15577
class switching, 1567, 1568F
complement activaticn, 1554
transmembrane, 1599F

Immunoglobulin superfamily, 1560, 1599-1600,

1599F
alternative splicing, 1146-1147

clonal deletion, 1548, 1548F
nonactivated dendritic cells, 1571
peripheral, 1587-1588
receptor editing, 1548, 1548F
self, 1548F
Immunoprecipitation, 432, 432F, 458
Immunastimuiants, pathogen-associated,
1526-1527,1527
Imrmunosuppressicn, tuberculosis, 1488
Imprinting see Genemic imprinting
Inclusion-cell disease (I-ceil disease), 785-786
Indian Hedgehog protein, 950
Indirect immuncfluorescence, 587F, 588, S88F
Induced proximityy, 185-186
Induced somatic recomhbination, 1348, 134GF
Inducible promoters, 564
Inductive signals, in development, 1313
gastrulation role, 1368F
sequential, 1319-1320
see also specific signals
Infecticn(s)
das carcinogens, 1227
cell biclogy, 1501-1524
chronic diseases, 1499-1500
intracellular pathogens see Intracellular
pathogens
response to see Host defenses; Immune
response/system
route, 1501-1502
signs/symptoms, 1487-1488
see aiso specific infections/organisms
Infectious mononucleosis, 1499
Infertility, 1301
Inflammation/inflammatary response, 1526, 1527,
1533-1534, 1534F
proteaglycans and, 1183
Inflammatory mediators, 1533-1534
Influenza virusies), 1496F, 1521
cell entry, 765
entry and uncoating, 1508F, 1507
microtubule-based movement in axons, 1517
pandemics, 1521, 1522F
Influx transperter proteins, auxin transport, 959
Infermation transmission
defining property of life, 1
energetics, 8
melecules
DNA see DNA (deoxyribenucleic acid)
origin of life, 401, 402-403, 402F
RNA see RNA (ribonucleic acid)
quantification, 1
see glso Inheritance
inheritance, 1, 165
epigenetic, 291, 702, 704
chromatin structure, 230-234, 232F, 473-476
DNA methylation, 467-468, 467F
histone modifications, 290-291, 291F
information transmission, 1-5
non-Mendelian, 864-865, 8565F
chloraplastis), 866, 866F
maternal, 866
‘Protein-only inheritance, yeast, 398, 398F
tnherited spinal muscular atrophy, SMN protein
mutation, 364365
inhibitors of apoptosis (IAPs), 1124-1125
Inhibitory G protein {G;), 506-907
Inhibitary postsynaptic potential {IPSP), 688
Initiation coden, 367F, 380, 489-491
Initiaticn complex, transcriptional, 341
Initiaticn factors (eucaryotic) see elfs (eucaryotic
initiation factors)
initiator tRNA, 380
Innate immunz respense see Immune
respanse/system, innate
Innexins, 115%

Page numbers in boldface refer tc a major text discussion of the entry; page numbers with an F rafer to a figure, with an FF to figures that follow censecutively;
page humbers with a T refer to a table; vs means compare/comparison.
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Inosine, 369, 369F, 484, 484F
Inositol 1, 4, 5-triphosphate (IP3), 910, 910F, 911FF
eqg activation role, 1299
membranes, 910
Inositol phospholipid(s), 624, 627F, 757, 757F, 910F,
933

cellular location, 758F
phosphatidylinositol (Pl), 743, 210F
phosphatidylinositol 4, 5-bisphosphate {PI(4,
5)P,], 909, 910F, 911F
phosphoinositide 3-kinase, in cancer, 1244
retromers, 756
signaling pathway, 909-911, 910F, 911FF
see also Phospholipase C
see also specific types
Input-output devices (“‘micrachips”), protein
kinases, 177-178, 177F, 179F
Insect(s)
as vectors for microbial pathogens, 1501-1502
see also Drosophila melanogaster
Insertional mutagenesis, 528F, 556
see also Transposon(s)
tn situ hybridization (ISH), 572-573, 573F
fluorescence {FISH), chromosome puffs, 239
Instars, 1329
Insulator-binding proteins, 452-453, 453F
Insulator elements, 452-453, 452F, 453, 453F
Insulin, 144F
proteolytic cleavage, 151, 152F
receptor, 798, 798F, 923F, 923T, 924
secretion (i cells), 1444, 1444F
Insulin-like growth factor-1 {1GF-1), 923T, 924, 934
receptor, 923F, 924
Insulin-like growth factor-2 (GF-2), imprinting,
469-470, 470F
Integra {skin substitute), 1477
Integrase, 318T
lambda integrase, 324, 325F
Integrin(s), 1169-1178, 11731, 11777
actin linkage, 1170, 1170F
adhesion junctions, 1134, 1145
allosteric regulation, 1171-1172, 1172F
B1 integrins, 1173, 1422, 1422F
2 integrins, 1174
3 integrins, 1174
bacterial invasion and, 1508
bi-directional signaling, 1169
cell migration and, 1170-1171
cell proliferation and survival, anchorage
dependence, 1175-1176, 1175F
clustering and strong adhesions, 1174-1175
courterreceptors, 1174
diversity of function, 11721174, 1173T, 1174F
fibronectin binding, 1193
fibronectin fibril assembly, 1192
heterophiilic binding, 1146
inside-out activation, 1172
intracellular signaling, 1172, 1176-1177, 1176F
in mammary gland, 1428
mutation and genetic disease, 1172-1174
outside-in activation, 1172
structure, 1170-1172, 1170F, 1172F
tension effects, 1169, 1171, 1171F
Interaction domain{s), cell signaling, 897
Intercalary regeneration, 1354, 1354F
Intercellular cell adhesion molecules (ICAMs), 411,
1146, 15927
Intercellular gene transfer see Horizontal gene
transfer
Interchromatin granule clusters (speckles), 241,
241F, 363-364, 365F

Interdigitated solenoid model, chromatin structure,

217, 217F
Interference effects, 581, 582F
Interferon(s)
interferon-g; {IFNoy), 1534-1535
interferon-f (IFNP), 1534-1535, 1536
interferon-y {IFNy)
cytotoxic T-cells, effects on, 1592
T-cell development, 1582
Ty celi secretion, 1592, 1595F, 1598T
viral infections, effects on, 1406F
Interfollicular epidermis, 1418-1419
Interleukings), 1591F, 15987
receptors, 1591F
see also specific interleukins
Interleukin-1-converting enzyme (ICE), 1118
Interleukin-2 (L2}, 1591, 1531F
Interleukin-2 receptor, 1591F
Interleukin-3 (IL3), 1460, 1460T, 1461F

Interleukin-4 (IL4), 1593, 1593F, 1598, 15987
Interleukin-5 (IL5}, 1593, 1598T

Interleukin-10 (IL10), 1575, 1593, 1598T
Interleukin-12 {IL12), 1593F, 1594, 1595F, 1598T
Interleukin-13 {IL13), 1593

Interleukin-17 (IL17), 1594

Intermediate compartment see Cis Golgi network

Intermediate filament(s}
anchoring junction attachment, 1133T, 1134,
1143, 1144, 1144F, 1171F
see aiso Desmosomels)
assembly, 145, 984, 984F
cellular location, 966
dynamic behavior, 966
elongated, 972F
global distribution, 983
isofcrms, 985
keratins see Keratin(s)
lateral bundling and twisting of coiled cails,
983-985, 984FF
mechanical stability, 985-987
crganization, 1005-1006
polypeptide structure, 984
properties, 965
role in cell division, 966-967
structure, 968, 968F, 983F
subunits, 971
Internal membranes, 26
Internal ribosome entry sites {IRESs), 491, 491F,
1517
Interneurons, 1386F
Internode {plant stem), 1398F, 1407
Interphase, 1655
chramosomes see Interphase chromosome(s)
microtubute dynamics, 1080
stress fibers, 1093
Interphase chromosomeis), 208F, 209
chrematin organization, 236F, 243
see also Heterachromatin
histene modifications, 238, 238F
lampbrush chromosomes, 234, 234F, 235F, 1288
looping, 234-236, 235F
polyteny, 236-238
see alsa Cell cycle; Chromosome structure;
Polytene chromosome(s)
Interpolar microtubules, 1075, 1076F, 1079
Intervening {DNA) sequences see Intron(s)
Intestinal defenses, against pathogens, 1526F
Intracellular compartments, 695-748, 696F
endocytic pathway, 751F
maintenance, 750-766
see also Organelle(s)
Intracetlular ion concentration(s), 596, 597F, 652T
Intracellular movement, bacteria and viruses,
1514-1517
Intracellular pathogens, 1504-1505
entry/exit from host cells, 1504-1505, 1512F
movemant using actin pclymerizaticn,
1515-1516
parasites, invasion of host cells, 1508-1511
strategies against host membrane traffic,
1511-1514, 1511F
escape frem phagolysoseme, 1511-1512,
1511F

lysosomal fusion prevention, 1511F, 1512
medification by bacteria, 1512, 1512F
modification by viruses, 1513-1514, 1514F
survival in phageolysosome, 1511F, 1513
Intracellular processes
manipulation, 598-599
visualization
electroporation, 598, 598F
GFP, 592-593
see also Green fluorescent protein (GFP)
ion concentration, 596-597, S97F
microinjection, 597-598, 598F
radiaisotopic tracing, 602-603
see also Radioisctopes
see afso Fluorescent dyes
Intracellular recepters see Nuclear hormone
recepter(s); Receptor(s),intracellular
Intracellular signal molecute(s)/pathway(s), 880F,
893-899, 894F
input-output devices, 177-178
see giso Protein kinase(s)
integrins, 1172, 1176-1177, 1176F
mitcgens, 1103
phosphorylation
of GTP-binding, 180F

tyrosine residues see Tyrosine kinase(s)
see also Protein kinasels)
positive feedback, 901F
second messengers, 893
signal enhancement, 897
signaling complexes, 897, BS8F
signaling proteins, 893, 894F, 897-899
see also Signaling molecule(s)/pathway(s);
specific molecules
signal integration, 897F
threshold-like response, 900-901, $01F
tyrosine phosphorylation see Tyrosine kinasa(s}
see also Signal transduction; specific
molecules/pathways
Intracellular transport
GFP-fusion protein studlies, 753F
membrane-enclosed organelles, 1021-1022
see also Cytoskeleton; Motor protein(s)
Intracytoplasmic sperm injection (ICSI), 1302, 1302F
Intragenic mutation(s), 18, 19F
Intron(s)
evolution, 348
fate signals, 358
gene structure, 206
group |, 334, 356, 356F
group Il, 356, 356F
human genes, 205F, 206, 206T
length variation, 349, 352, 353F
optional, 863
organellar, 863
protein evolution role, 257
removal by RNA splicing, 345-346, 347-348
order, 352-353, 353F
splicing signals see Splicing signals
see afso Splicing
sequence ambiguity, 480
Intron-exon mapping, 538F
Intron-exon recognition, 551
Invariant chain, 1584, 1596F
Invariant pocket, MHC protein, 1577-1578, 1579F
Invasin, 1508
Inversian(s), genome evalution, 246-247
Inverted repeats, DNA-only transposons, 318T, 319F
In vitrg, definition, 503-504
in vitro fertilization (IVF) and related procedures,
1297, 1301-1303, 1302F
In vitro mutagenesis, 213, 575
in vitro RNA selection experiments, 404F, 408
in vivo, definition, 503-504
Involucrin, 1419
lon(s), 47
concentration, 596, 597F, 65327
see also Electrochemical proton gradients
membrane channels see fon channel(s)
see also specific ions
lon channel(s), 667-692
abundancy, 668
conformational changes, 668F
cyclic-nucleotide-gated, 916
families, 692T
function, 667, 668
gating, 668, 668F, 1431, 1431F
ligand-gated see Ligand-gated ion channel(s)
mutations, 682
patch-clamp recordings, 651F, 680-682, 631FF
selectivity, 667-669
transport efficiency, 667
voltage-gated, 676-678
see also individual types
lon channels, Cyclic-nucteotide-gated, 917
lon-exchange chromatography, 512, 514F
matrices, 534F
protein purification, 535F
lonic bonds, 47, 111F
aqueous solutions, 111F
bond length/strength, 53T
covalent bonds vs., 48F
protein folding, 130F
lonizing radiation, DNA-damaging agents, 300-301
see also Ultraviolet {UV) radiation
lonotropic receptors see lon channel(s)
lon-sensitive indicators, 596, 597F
IP; see Inositol 1,4,5-triphosphate (IP3)
IRESs see Internal ribosome entry sites (IRESs)
Iron—copper center, cytochrome oxidase complex,
Iran, endocytic uptake, 794
Iron-sulfur center, 830F, 831, 852
Iron-sulfur proteins, 830F, 831
151 transposons, 318T
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Isfet gene, 1385
Islets of Langerhans, 1444, 1444F
Isocitrate, 122F, 123F
Isocitrate dehydrogenase, 123F
Isoelectric focusing, 2D-PAGE, 521, 521F, 522F
Isoleucine, structure, 129F
Isamers, 56

amino acids, 128F

sugars, 112F
Isatapes, 601, 601T

radioactive see Radioisotopes
lzumo protein, 1298

J

Jak {Janus kinase), 937-939
Jak-57AT signaling pathway, 937~939, 938F, 939T
Janus kinase (Jak], 937-939
J{joining} chain
IgA, 1556F
lgiv, 1554, 1555F
Joint molecules (recombination)
conservative site-specific recombination, 324,
325F
synapsis, 305F
Junctional complexes, 1153, 1154F
cell proliferation and, 1153-1155
organization, 1148-1149, 1148F, 1149F
see also Scaffold protein(s)
Junctional diversificaticn, antibody gene segment
joining, 15641565
Junctional epidermolysis bullosa, 1165
Junk DNA, 204, 860
see gisc Noncoding DNA

K

Kaposi’s sarcoma, 1228, 1228T
Kartagener's syndrome, 1033
Karyotype, 203

analysis, 203FF

human, 203F

muntjac deer, 204F, 205F

see afso Mitotic chremosomels)
Katanin, 770, 995F, 1000, 1001F
KDEL sequence, ER retrieval pathway, 770
Keratan sulfate, 1179
Keratin(s), 985-986, 985T, 986F

o-keratin, 145
Keratin filaments, epidermal prickle cells, 1419,

Keratinocytes, 1038F, 1418F, 1419
control of differentiation in culture, 1422, 1426
migratory, 1037, 1037F
o-Ketoglutarate, 99, 122F, 123F
o-Ketoglutarate dehydrogenase complex, 123F
Ketoses, monosaccharides, 112F
Kidney glomerulus, basal lamina, 1164-1165,
1164F, 1167
Kinases see Protein kinase{s)
Kinesin(s), 527, 1014, 1014F
ATP hydrolysis, 1018F
axonal transport, 1021
central core and force generation, 1016
evolutionary origin, 1015-1016
force generation, 1016-1019
linker region, 1016
mechanochemical cycles, 1016-1017, 1018F
microtubule-binding site, 1014, 1014F
microtubule disassembly, 995F
mitetic spindies, 1034, 1077, 1079, 1082F
movement speed, 1020
processivity, 1020
structure, 1G14F
see also individual kinesins
Kinesin-related proteins (KRPs), 1014, 1014F
Kinesin superfamily see Kinesin(s); Kinesin-related
proteins (KRPs); Motor protein(s)
Kinatics
enzyme catalysis see Enzyme kinetics
motor proteins, 1020-1021
Kinetochare(s), 210, 1076F, 1082-1083
bipolarity, 1075-1076, 1076F
meiosis |, 1277-1278
microtubules
attachment, 1082, 1083F, 1084F
forces acting on, 1085-1087, 1085F, 1086F,
1089

mitotic, 1035F, 1076, 1076F
tension, 1084, 1086
spindle assembly checkpoint, 1088
structure, 1083F
Kinetochore fiber, 1084
Kin recognition, selective protein retention, 731
Kissing hairpins, RNA structure, 403F
Kit protein, 1375, 1458, t458F
KKXX sequendce, ER retrieval pathway, 770
Knockout animals see Gene knackouts
K-Ras gene, 1251-1252, 1252T, 1255
Krebs cydle see Citric acid cycle
Kringle domain, 140F, 141
Kriippel mutant, Drosophila, 1337
Kritppel protein, 418T, 448-450, 449F
Kupffer cells, 1443F
Kuru, 1499F

L

L1 elements see LINE {L1) elements
Labeling index, 1059
Lac operon {Escherichia coli}, 9F, 416, 418T
DNA looping, 438
lac gene regulation, 9F, 436F
CAP activation, 418T, 420F, 436
lac repressor see Lac repressor
mutations, 264
two-signal switching, 436F
see also Repressor protein(s)
Lac repressor, 9F, 416, 418T
discovery. 416
DNA sequence recognition, 4181
synthetic biology, 461F
see also Repressor protein(s)
Lactate production, 90
see also Glycolysis
Lactation, 1427-1428, 1427F
Lactose permease, 657, 658F
Lagging strand synthesis (DNA replication), 268,
269F, 272F, 276F
end-replication problemn, 292
see also Telomerase
eucaryotic, 280, 281F
ligation, 272
Okazaki fragments, 267-268, 269F, 272, 281F
RNA primers, 272, 272F
Lakritz mutant, 556
Lambda bacteriophage see Bacteriophage lambda
Lambda repressor, 457-458, 458F
DNA sequence recognition, 418T
gene regulatory protein, 416
helix-turn-helix motif, 420F
synthetic biology, 461F
Lamellipodia, 1037
actin filament nucleation, 996
actin gels, 1008
cell adhesion, 1040
cell crawling, 1008, 1036F
cofilinin, 1038F
growth canes, 1040F, 1049
movement mechanism, 1037-1038
organization <f. mitotic spindle, 1039
ruffling at leading edge, 1040F, 1041
weh formation by ARP complex, 1038, 1038F
Laminin{s}
basal lamina, 1165-1166
coflagen binding, 1166-1167, 1167F
epithelial apico-basal polarity, 1155F
isoforms, 1166
laminin-1 {classical laminin), 1165-1166
mutations, 1167
neuronal guidance role, 1388
NMJ, 1168
structure, 1166F
Lampbrush chromosomes, 234, 234F 235F, 1288
Langerhans cell see Dendritic cells
Lariat structure, pre-mRNA splicing, 347, 348F, 350F
Larva (Drosaphila), 1329, 1343F
extended germ band, 1330F
imaginal discs, 1349, 1350F
Laser capture microdissection, 502, 503F
Laser tweezers, 599, 599F
Late genes, chromatin condensation effect,
285-286
Latent gene regulatory proteins
B-catenin, wnt signaling, 948-950, $49F
NFxB, 952-954, 953F, 1530
Notch, 946-948
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proteolysis, 946-954
Lateral diffusion (membrane proteins), 643, 646F
Lateral inhibition
Delta—Motch signaling, 946-947, 947F
Drosophila sensory bristle development,
1357-1358
Wnt-Notch signaling, 1439-1440, 1435F
Latrunculin, 987, 988T
Lck, 1581, 1590F
see also Src family of protein tyrosine kinases
LCRs see Locus control region(s)
LDL-receptor-related protein (LRP), 949, 949F
LDLs see Low-density lipoproteins (LDLs)
Leading strand synthesis (DNA replication}, 267,
267F, 268, 268F, 269F, 271-273, 271F,
276F
Leaky scanning, 490
Lectin(s}, 1145
complement activation, 1529
glycocalyx interacticn, 636
mannan-binding, 1529
trans-Golgi netwoerk, 808
Lectin complement activation pathway, 1529
Leeuwenhoek, Anton van, 501, 501F
LEF1/TCF gene regulatory proteins, 950
Left-right asymmetry development, 1376-1377
Lefty? gene, 1377
Legionella pneumophifia
invasion of host cells, 1508, 1508F
strategy against host membrane traffic, 1311F,
1512-1513, 1512F
transmission, 1508
Legionnaire’s disease, 1508
Leishmaniasis, 1488
Lens{es)
electron microscope, 504
light microscope, 581-582, 582F
see afso Light waves
Lepromatous leprosy, 1593-1594
Leprosy, 1593-1594
Leptin, 1475
deficiency, 1476F
function/effects, 1475-1476, 1476F
gene sequence comparisons, 248F, 249F
secretion framn fat cells, 1475-1476
Leptogene, 1275
tet? gene, 1327
Lethal mutation{s}, 528F
Lethal toxin, 1493
Leucine-rich repeat (LRR) proteins, 956, 356F
Leucine, structure, 129F
Leucine zipper proteins, 423, 424F, 4J5F
Leucocytels), 1451, 1453T
adhesion to endothelial cells, 1453, 1454F
inflammatory response, 1453-1454, 1454F
integrins, 1174
migration from capillaries, 1453-1454, 1454F
structure, 1452F
types, 1451-1453
Leucocyte adhesion deficiency, 1174
Leucoplasts, 841
Leukemia
B lymphocyte leukemia, origin, 1219
chronic myelogenous see Chronic myelogencus
leukemia (CML}
DNA repair defects, 265T
Lex A protein, domain fusion, 442F
Leydig cells, development, 1285
LFA1 {lymphocyte-function-associated protein 1),
15927
Life,
autocatalytic process, 7F
universal features, 1, 1-11
Ligand{s}
ion channel opening see lon channel(s)
protein binding sites, 153
see giso Substrate(s),enzyme binding
Ligand-gated ion channel(s)
ion-channel-linked receptors, 892, 893F
mechanically-gated, 1431, 1431F
neurotransmitter-gated see Transmitter-gated
ion channel(s)
Ligase fold, AG6F
Ligation
DNA cloning, 540, 541F
lagging strand synthesis (DNA replication), 272
see also DNA ligase(s)
Light (L} chain (antibodies), 1552-1553, 1554F,
1556, 1557T, 1558F
constant domains, 1558-1559, 1560F
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page numbers with a T refer to a table; vs means compare/comparison.
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generation of diversity, 1562-1566
repeating domains, 1559, 1560F
variable domains, 1558-1559, 1560F
Light energy, 69F, 598-599
see also Photosynthesis
Light-harvesting complexes, 848, 848F
Light microscopy, 581-583
3-D imaging, 589-590
confocal microscopy, 591, 592F
image deconvolution, 590, 590F
brightfield, 583
contrast generation, 583, 583F, 584, 584F
darkfield, 583
differential-interference microscopy, 583
fluorescence see Fluorescence microscopy
history, 579
image processing, 583-584, 584F
microscope, 581, 581F, 604F
phase-contrast sez Phase-contrast microscopy
resolution, 580-583, 581F, 582F, 590
electron microscopy vs., 609F
sample preparation, 554-555, 579, 585, 585F
Light waves, 582FF
contrast generation, 583F, 584F
diffraction effects, 548, 581F, 582F, 583
phase, 580, 582F, 583
interference effects, 581-582, 582F
momentum, 598-539
Lignin, plant cell wall, 1195, 1196, 11997
Limb buds (vertebrate), 1355F, 1374F
Limb regeneration, newt, 1480, 1480F
Lim gene, 1385
Lind gene, 1326
Linl4 gene, 1326F
Lineage tracing, Caenorhabditis elegans, 1322,
1322F
LINE (L1) elements, 318T, 321-322, 322F
human genome, 207F
human vs. mouse genome, 323F
see also Repetitive DNA
Linkage analysis, 559-560
gene localization, 559-560, 560F
gene mapping, 559-560, 560F
see also Homologous recombination (crossing-
over)
Linkage, protein-ligand interactions, 171-172,
172FF
Linker DNA, 211
Linker region, (kinesin), 1016
Lipid{s}, 58, 115F
aggregates, 115F
bilayer formation see Lipid bilayer(s)
cell membrane(s), 617-629, 624
see afso Lipid bilayer; Membrane(s)
droplets, 94F, 97F, 115F, 625-626, 626F
synthesis, 867
see also Fat(s); specific types
Lipid anchor(s), membrane proteins, 630
Lipid bilayer(s), 9, 617-629, 618F, 625F
assembly, 620-621, 622, 743-745, 744F
see afso Phospholipid(s)
asymmetry, 626-627, 626F
barrier function, 651
black membranes, 622
composition, 622-624, 624F
diffusion, 622, 652
domain formation, 624-625
fluidity, 621-624, 621F
fusion, SNARE proteins, 763F, 764
membrane protein association see Membrane
protein(s)
mobility, 622, 623F
origin, 405-406, 407F
permeability, 624, 631, 652
relative permeability, 652F, 653F
signaling, 626
spontaneous formation, 620-621
structure, 620F, 621-622
Lipid kinase{s}, 627
see also specific kinases
Lipid raft(s), 625, 625F, 807, 807F
assembly, 742-743, 742F
caveolae formation, 790
Lipopolysaccharide (LPS}, 1490F
immunostimulation, 1527
macrophage activation by, 1530F
structure, 1527F
Lipasomed(s), 621-622, 622F, 625F
membrane protein solubility, 638
fB-Lipotropin, 803F

FLipotropin, 803F
Liquid chromatography, 522
Listeria monocytogenes
actin-based movement, 1514, 1515F, 1516,
1516F
escape from host phagolysosome, 1511-1512,
15T1F

hemolysin secretion and action, 1511-1512
invasion of host cells, 1508, 1512F

phagosomal membrane destruction, 1512-1513,

1512F
receptors, 1508
Lithotroph(s), 12, 15, 15F
Liver, 1442-1444
cancer, 1227-1228, 1229
cells see Hepatocyte(s)
structure, 1443F
Lkb1 gene/protein, epithelial 2pico-basal polarity,
1155-1156, 1156F
Locus control region(s), 450-452, 452, 452F
Leng interspersed nuclear eiement see LINE (L1}
elements
Leng-tarm depression (LTD), synaptic contrel, 691
Leng-tarm potentiaticn (LTP), effect, 691, 692F
Less-of-function mutation(s), 528F, 557-558
Loss of heterozygosity (LOH), 310, 1236
Lou Gehrig’s disease, 987

Low-density lipoprotein (LDL) receptors, 791-794,

791F
Low-density {ipoproteins (LDLs), 791-792, 791F,
792, 793F
Lox recombination elernent see Cre/Lox system
LPS see Lipopolysaccharide (LPS)
LRR {leucin-rich repeat proteins), 956, 956F
L-selectin, 1145, 1550, 1550F
Luminescent molecules, 595-597
Lung(s}, 1434-1435, 1434-1436
Luteinizing hermaone (LH), 907T, 1292
Lyme disease, 1500
Lymphatic vessel, function, 1446
Lymph nodefs), 1550, 1551F
Lymphocyte{s), 1452-1453, 1453T
activation, costimulatory signal, 1548
cytotoxic, apoptosis, 1120
effector cells, 1546
general principles, 1540-1551
adaptive immunity, 1540-1541
B cefl development, 1543-1544
clonal selection, 1544
dependence on innate immune system,
1541-1542
immunological memory, 1546
T cell development, 15431544
tolerance, 1548
hemopoietic stem cells, commitment to
lymphoid pathway, 1456-1457
homing receptors, 1550
memory cells, 1546
naive cells, 1546
originis), 1541F, 1543
recirculation, 1548-1551, 1549F
see also B cellis); T cell(s)

Lymphocyte-function-associated protein 1 {LFA1),

15927

Lymphaocytic choriomeningitis (LCM) virus, 1496F
Lymphoid follicles, 1550, 1551F
Lymphoid organ(s), 1540, 1541F

central, 1541F, 1543, 1543F

central vs. peripheral, 1543

peripheral, 1543, 1549, 1549F, 1553F

see also Bone marrow; Lymph node(s); Thymus
Lymiphomals;

Burkitt's see Burkitt's lymphoma

DNA repair defects, 295T

non-Hodgkins, metastasis, 1206F
Lysine, 128F, 1186, 1187F
Lysis/lysogeny, phage lambda, 458, 458F
Lysosomal hydrolase, 785F, 786F
Lysosomal secretion, 786
Lysoscmal storage diseases, 785-786
Lysoscme(s), 779-787, 780F

melanocytes, 786

membranes, 6971

plant vacuoles, 781-782

proton pump, 780, 780F

structure, 780F

transport
from endosomes, 791-792, 795F, 796F
from Golgi apparatus, 779-787, 783-784,

785F

Trypanosoma cruzi invasicn, 1511
volume, 697T

yeast vacuoles, 781-782

see also Lysozyme

Lysozyme

catalysis, 161, 164-165, 164F, 165F
disulfide-bonds, 148

functions, 163-164

structure, 144F, 164F

see also Lysosamed(s)

M&P see Mannose-6-phosphate (M6F)
Macromolecular interactions

DNA-DNA interactions, 306F
see also DNA hybridization

enzyme-substrate interactions see
Enzyme-substrate interactions

hydrophchbic interactions, 111F

noncovalent interactions, 55F, 156, 158F

protein—DNA interactions see Protein-DNA
interactions

protein-ligand interactions see Protein-ligand
interactions

see also specific methods

Macromatecule(s)

assembly, 148-152
biosynthesis, 63, 85F
energy requirements, 84-87
orientation, 86, 87F
cell chemistry, 62-63
abundance, 62F
composition, 335-336
mammalian vs bacterial cells, 63T
protein subunits, 148
ceil fractionation, 510-511
interactions see Macromolecular interactions
polymerisation, 56, 84-87
shape specification, 63-64, 64F
subunits, 62F, 63F, 148-152
see also specific types

Macrophages)

activation, 1594-1595
helper T-cells (Tw}, 1575, 1593F, 1595F
lipopolysaccharide, 1530F
recruitment of cells, 1534

apoptosis, 1117

cell crawling, 1036

effect of NO, 888

foam cells, 1500

function, 1452

HIV infection, 1581

interleukin secretion and sensitivity, 1598T

leprosy, 1593-1594

lifespan and turnover, 1460

lineage and formation, 1457F

lung, 1434-1436

NADPH oxidase complex, 1532

phagocytosis, 787, 788F, 1531-1532
antibody-activated, 1555, 1555F, 1557T
Mycobacterium tuberculosis, 1507-1508
Salmonella enterica, 1533

receptors, 1531-1532

respiratory tract, 1434-1436

Toll-like receptors (TLR), 1531

tubercuiesis, 1507-1508, 1593-1564

see also Antigen-presenting cells

Macrophage-coleny-stimutating factor (M-CSF),
1460T

macrophage production role, 1460-1461

acid hydrolases, 779-780
degradation pathways, 784F
distribution, 780781

exocytosis, 786

function, 696, 779-780

fusion with phagosemes, 1531-1532
intracellular digestion, 779-780, 784F
material import, 782, 783, 783F, 784FF
maturation, 781F

Macropinosomes, 1508
Mad2 protein, spindle assembly checkpoint, 1088,
aF

Mad cow disease see Bovine spongiform
encephalopathy (BSE)

MADS box gene regulatory proteins, 1400T, 1414

Magnesium, long-term potentiation, 691

Magnetic tweezers, 527

Maintenance methyltransferase, DNA methyiation,



INDEX

467
Maize, 16F, 318T, 1410-1411, 1411F
Major groove recognition, 419, 419F
DMNA-binding proteins, 419F, 423, 424F
helix-turn-helix motif, 419, 420F
see also DNA structure
Major histocompatibility complex see MHC (major
histocompatibility complex)
Malaria, 1494-1495, 1495, 1495F
spread, 1501-1502
see also Plasmodium falciparum
Malate, 122F, 123F
Malate dehydrogenase, 123F
MALDITOF mass spectrometry, 519-520
Malignancy see Cancer
Mammalian cell{s}
cell culture, cell cycle analysis, 1059, 1059F
chemical composition, 63T
DNA replication, 281F, 283-284
mitochondrial DNA, 859
mRMNA editing, 484
replicative senescence, 1059
Mammalian development, 1378-1383
branching morphogenesis {of lung), 1381-1382,
1382F
early stages and extraembrycnic membranes,
1379-1380, 1379F
embryonic stem cells (5 cells), 1380-1381,
1381F
left-right asymmetry, 1376-1377, 1376F
requlative properties of early embryo, 1380
see aiso Mouse development; individual species
Mammalian genetics
gene control regions, 450-453
gene regulatory proteins, 418T
genetic conservation, 3940
imprinting, 468-470
Mammary gland
alvecli, 1427-1428, 1427F
basal lamina, 1428
development and regression cycles, 1426-1428,
1427F
mycepitheiial cells, 1427F
Mannan-binding lectins, 1529
Mannose-6-phosphate (M6F)
lysosornal import, 783-784
lysosomal sorting, 785, 786F
receptors, 755, 784
structure, 784F
Mannocse-6-phosphate (M6P) receptor(s), 755, 784
MAP2 protein, 995F, 1001, 1001F
MAP-kinase{s), 928, 928-931, 925FF, 936F
EGF effects, 929F
Erk, 929, $29F
evolution, 177F
neuronal, 930
NGF effects, 930
plants, 958
see also Ras GTPasels)
MAP-kinase-kinase (MAPKK), 929, 929+ F
MAP-kinase-kinase-kinase (MAPKKK), 929, 929F
MAP-kinase signaling pathway, 928-931, 929FF,
1103
see also specific components
MAPs see Microtubule-associated proteins (MAPs)
Maps (brain}, 1391-1393, 1392F
retinotectal, 1391F, 1392-1394
Marfans syndrome, 1190-1191
Marine irvertebrates, fertilization in, 1297
Marker genes see Reporter gene(s)
Mass spectroemetry
accuracy, 519
liquid chromatography combination, 522
MALDI-TOF, 519-520
memprane composition, 624
principies, 520F
protein analysis, 519-521, 520F
tandem, 519-521
Mast cells, 1451, 1554
histamine secretion, 804, 804F, 1557F
interleukin secretion, 1598T
Master regulatory proteins, 1362
Mata) protein, 456
Mata2 protein, 418T, 425F, 456
Maternal inheritance
chloroplast genome, 866, 866F
mitochondrial genome, 865F, 866
Mathematical modelling, 35-36, 35F
Mating factors {yeast), 455-456
Mating type {yeast), 455456

Mating-type cassette, 455-456, 457F
Mating-type switching, 455-456, 456F, 457F, 458F
see also Gene conversion; Gene silencing

Matrix-assisted laser desorption ionization-time-of-

flight (MALDI-TOF) spectrometry,
519-520
Matrix metalloproteinases (MMPs), 1194
Matrix receptors, 1169
integrins see Integrin(s}
Mature naive B cell, 1553
Mbl protein, 989, 990F
M-Cdk, 1062, 1066
activation by dephosphorylation, 1074-1075,
1074F

entry into mitesis, 1071, 1074
microtubule dynamics and, 1080
spindie assembly role, 1078-1079, 1079F, 1080
Mcm proteins, 289F, 456F, 1068
M-cyclins, 1062, 1064, 1074, 1087, 1101
Mdm2 protein, 1105, 1106F, 1107
Mechanoreceptor(s), mechanosensory bristles,
1356F
Mef2 genes/proteins, 464F
Megakaryocytes, 1099, 14537, 1454, 1455, 1457F
see also Blood cells; Plateletis)
Meiosis, 34, 554F, 1090-1092, 1269, 1272-1274,
1272-1281
checkpoints, 1281
errors, 1278-1279
evolutionary conservation, 1280, 1286
genetic diversity and, 1271, 1279F
homolog pairing see under Homclogous
chromosomes (homologs)

homolog recombination/crossing-over see under

Homologous recombination
{crossing-over)
homolog segregation, 1276-1278, 1277F,
1278-1279
lampbrush chromosomes, 234F
meiosis i, 1090-1092, 1091F, 1273-1274,1273F
kinetochores, 1277-1278
prophase | stages, 1275-1276, 1276F
specific protein complexes, 1278, 1280
meiosis II, 1090, 1091F, 1092, 1273F, 1274, 1278
meiotic S phase, 109C
micromanipulation experiments, 1278
mitosis vs, 1091F, 1272, 1273F, 1276-1277,
1277F
oocytes, 1280, 1288, 1290, 1292
regulation, 1280-1281
sex differences, 1280-1281
timing differences, 1280, 1281F
see also Mitosis
Meiotic recombination see under Homelogous
recombinaticn (crossing-cver)
Mek kinase, 929F
Melanocytes, 1418F
fish, 1023-1024
lysosomal exccytosis, 786
melanosomes see Melanosomes
Melanocyte stimulating hormone (MSH},
preduction, 803F
Melanoma, definition, 1206
Melanosomes, 786, 1022, 1022F, 1024F
Melatonin, circadian clock, 461
Melting ternperature, 537F
Membrane(s)
composition
fatty acids, 58-59
linid(s), 617-629, 645, G45F
see also Lipid bilayer(s); Phosphalipid(s);
individual lipids
lipid to protein ratio, 629
phosphoinositides, 757
preteins see Membrane protein(s)
disruption, 510
electrical properties, 667-692
see also Membrane potential
fluidity, 621-622
fusion, 763F, 764, 768, 769F
intracellular, 26, 169, 657698, 697T
intracellular pathogen strategies, 1511-1514,
1511F
liver cell (hepatocyte), 6977
pancreatic exacrine cell, 697T
strength, 646-648
structure, 617-648, 617-649, 618F
see giso Lipid bilayer(s)
transport across, 651-692
impermeant molecules, 597-598
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see also Membrane transport; Vesicular
transport
viscosity, 644
see also Lipid bilayer(s); Linid raft(s); Plasma
membrane; spedific types/iocations
Membrane attack complex, 1529, 1529F
Membrane potential, 653, 669, 671F, 821F
mitochondrial inner membrane, 820-821, 821F
resting, 669, 669-671, 671
Membrane protein(s), 629-649, 630F
amounts, 629
association with lipid bilayer, 629-630, 631F
cell surface exposure, 630
diffusion, 642-645, 643F, 646-648
endoplasmic reticulum, 468
glycosylation, 635-636
glycosylphosphatidylinositol anchor, 742-743,
742F

integral, 630
interchain disulfide bonds, 636
lipid-linked, 630
localization, 468-487, 645, 645F
multicomponant complexes, 642-643
peripheral, 530
single-particle tracking, 644
solubility, 636-640
structure, 135
transmembrane see Transmembrane proteinis)
see also specific types/proteins
Membrane shuttle, mannose-6-phosphate (M&P)
receptor{s), 784
Membrane trafficking, intracelluiar pathcgen
strategies, 1511-1514, 1511F
Membrane transport
importance, 651
intracellular, 750-766
principles, 651-654
of proteins, 695-736
see also Endoplasmic reticulum (ER}; Protein
sorting; Protein translccation; Protein
transport
of small molecules, 651-692
carrier proteins and active transport, 9-10
Thermotoga maritima, 10F
see also Active transport; Carrier protein{s);
Channel protein(s}; lon channel{s)
vesicular traffic see Vesicular transport
see glso Active transport; Channel protein(s)
Memory B cells, 1546
Memory cells, adaptive immunity, 1546, 1546F
Memory, synaptic plasticity, 1396
B-Mercapteethanol, 517
Meristem(s), 956, 1195, 1403
apical see Apical meristem
flower, 1413
maintenance, 1409-1410, 1410F
plasmodesmata, 1163
regulation by CLV1, 956, 957F
sequential development, 1403
size, 1409-1410
MERRF, 866
Mesenchymal cells (“immature” fibroblasts), 1468
Mesenchymal stem cells, 1468
Mesenchyme, 1141
Mesoderm, 1307, 1307F, 1335, 1365, 1445
Mesophyll cells, 846
Mesophyll {parenchyma), cells, 846
Messenger RNA (mRNA), 4, 331, 334
cap snatching, 1517
degradation, 485
gene expression regulation, 379F, 415,
492-453
nonsense-mediated decay see Nonsense-
mediated mRNA decay
pathways, 492, 492F
RNA interference, 495
eucaryotic, 346F, 487-483
3’ end generation, 357-358, 357F, 482-483
see afso Polyadenylation (mRNA 3" end)
5’-caps see 5" Capping of eucaryotic mRNA
cDNA clones, 543F, 544
editing, 483-485
expression levels, human cell types, 412
internal ribosome entry site {(IRES), 491, 491F,
1517
localization, 486-487, 487F
nuclear export see under Nuclear—cytoplasmic
transport
processing see RNA processing (eucaryofic)
splicing see Splicing
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translation start sites, 379-380, 380
untranslated regions, 487, 488
function, 336T
localization by the cytoskeleton, 1022-1023
polyadenylation see Polyadenylation {mRNA 3
end}
procaryotic, 346F, 380, 381F, 488
ribosome interactions see Messenger
RNA-ribosome interactions
splicing see Splicing
stability, 492, 492-493
transfer RNA interactions, 180-181
translation signals, 379-380, 383
see also Transcription; Translation
Messenger RNA-ribosome interactions
path through, 376F
ribosome binding-site, 375F, 376
bacterial mRNA, 381F
bacterial Shine-Dalgarno sequence, 380,
381F, 488
internal ribosome entry site (IRES), 491, 491F,
1517
see nlso Protein synthesis; Ribosome(s)
Messenger RNA-transfer RNA interactions, 180-181
see also Transfer RNA (tRNA); Translation
Metabalic balance, 102
Metabolic map(s), 67F, 102F
Metabolic pathway(s)
enzyme catalysis, 66F
regulation, 169-171, 170F
evolution, 870-872
interrelationship, 67F, 100
organization, 66, 65F, 101, 102F, 102FF
see also Biosynthesis; Catabolism; specific
pathways
Metabolic rate enhancement, 168-169, 169
Metabolism, 66
activated carrier molecules, 79-86, 79F
anabolism/biosynthetic see Biosynthesis
balance, 102
catabolism see Catabolism
cooperation, 102
rate increases by multienzyme complexes,
168-169
regulation, 101-102
tissue differences, 102
see also Metabolic pathway(s)
Metal affinity chromatography, 514
Metal-shadowing, electron microscopy, 609, 610F
Metamorphosis, Drosophifa, 1329, 1352
Metaphase, 1054, 1072F
chromosome movement, 1086
chromasome structure, 243, 243F
microtubule dynamics, 1080
see also Mitotic chromosomeds)
Metaphase plate, 1085
Metaphase-to-anaphase transition, 1061, 1066,
1071, 1087
Metastases (secondary tumors), 1206, 1206F, 1220,
1220

i

barriers, 1220, 1250F
colonization of distant tissues, 1220, 1250
easy and difficult steps, 1250F
ECM degradation, 1193, 1194, 1194F
entry into circulation, 1220, 1221F, 1250
local invasion/invasiveness, 1220, 1249
manitoring, 1250
mutations leading to, 1249-1250
process (steps), 1220, 1221F
Methanobacterium, 16F
Methanococcus, 16F, 18T
Methicnine, 101, 129F
Methicnine aminopeptidases, 395
Methylated DNA binding proteins, DNA
methylation, 468
Methylation
DNA see DNA methylation
histone tails, 222, 223F
rRNA, 361, 362F
see also Methyltransferase(s)
5-Methylcytosine, 428F
deamination, 301F, 470
DNA methylation, 467, 467F
structure, 301F
Methyltransferase(s)
DNA see DNA methyltransferase(s)
5 mRNA capping, 346, 347F
Met repressor, [} sheet matif, 423F
MHC (major histocompatibility complex}, 1397F,
1569-1589, 1571, 1575, 1575, 1576F

class restriction, 1579-1580
dendritic cells, 1571
H-2 (histocompatibility-2) antigen, 1575
human genes, 1577F, 1588
invariant pocket, 1578, 1579F
MHC class |, 1575, 1577-1578, 1580T,
1581-1582, 1599F
coreceptor recognition, 1580-1581, 1581F
expression on viral-infected cells, 1535-1536
nonclassical, 1577
peptide loading, 1581-1582, 1583F
recognition by ccreceptors, 1581F
recognition by natural killer cells, 1535-1536
structure, 1576F, 1577-1578, 1578F, 1579F
subtypes, 1576F
MHC class I, 1575, 1577, 1577-1578, 15807,
1581F, 1583, 1599F
coreceptor recognition, 1581, 1581F
peptide loading, 15831585
recagnition by corecepters, 1581F
structure, 1576F, 1577
subtypes, 1576F
peptide-binding, 1574F, 1577-1579, 1579F,
1580F

see also Protein-protein interactions
polymorpghism, 1576, 1588
restriction, 1406, 1581, 1584-1585
specificity pocket, 1577-1578, 1579F
T cell interactions, 15691589
T cell selection, 1585-1586
transplantation reacticns, 1575-1576
Micelle(s), 115F, 620, 621F, 637
Michaelis-Menten eguation, 162F
Microbial flora
normal, 1486, 1501
pathogenic see Pathogen(s)
see also Bacteria
Microdissection techniques, 502, 503F
Microelectrode(s), intracelluiar ion measurement,
596
Microfibrils, 1190-1191,1197-1198, 1197F
Microfilaments see Actin/actin filaments
Ba-Micreglobulin, MHC pretein/antigen
interactions, 1580F
Microinjection, impermeant malecules, 597-598,
598F
MicroRNA (miRNA), 336, 493-495, 404F
Microsatellite DNA, hypervariable (VNTRs), 547F
Microscopy, 579
cell cycle analysis, 1059
cell structure analysis, 579-591
electron microscopy see Electron micrescopy
historical aspects, 501, 501F
image processing, 583-584, 584F
light microscopy see Light microscopy
resolving power, 581F
sample preparation, 554-555, 585
fixation, 585, 605, 605F
sectioning, 585, 585F, 605
staining, 554-555, 579, 585, 585F
scale, 580, 580F
int situ hybridization, 585, 584F
Micrasome(s), 511, 726, 726F
Microsporidia, 1510-1511, 1511F
Microsurgery, C. elegans, 1325
Microtome, 585, 585F
Microtubule(s), 965F
accessory proteins, 992, 995F
assembly, 973,974, 978
see also Micrctubule(s}),nucleation; Tubulin
bundles, crganization by MAPs, 1001, 1002F
capping, 1003
cell division and, 969
see also mitesis fhelow)
cell polarization, communication with actin
cytoskeleton, 1046
cellular lacation, 96%
configuration, astral, 993
depolymerization, 1085, 1085F, 1089, 1201
dynamic instability, 969, 980, 981F, 982F, 1080,
1081F
centrosome role, 1046
endoplasmic reticulum organization, 1021
fibroblasts, 1048F
Golgi apparatus organization, 1021
growth rate of plus/minus ends, 975-976, 976F
interpolar, 1035, 1035F
kinesin binding site, 1014F
mitochondria association, 815, 816F
mitosis, 1075-1076, 1076F

chromosome effects on, 1081, 1082F
cytokinesis and, 10951097, 1096F, 1097F
instability/dynamics, 1080, 1081F
kinetochore attachment, 1082, 1083F, 1084F
spindle formation, 1035, 1035F, 1075-1077,
1079
see also Mitosis; Mitotic spindle
motor protein types, 1014-1015
see also Kinesin(s)
neurons, 1021, 10471048, 1048F
nucleation, 992, 992F, 1034
pathogen movement based on, 1516-1517
plant cells, 1097-1098, 1200-1202, 1200F,
1201F
plus and minus ends, 974-975, 978F
properties, 965
structure, 968, 968F, 974-975, 974F
see also Tubulin
subunits, 971
treadmilling, 976-982, 577FF
Microtubule-associated proteins {MAPs), 995F, 1080
Microtubule-dependent motor protein(s),
1014-1015
see also Kinesin(s)
Microtubule flux, 1085, 1086F, 1089
Microtubule-organising center (MTOC), 992
see also Centrosome
Microvitli
actin filament nucleation, 996
bundle of actin filaments, 969, 970F
eqg {ovum), 1298, 1298F
membrane transport, 659
structure, 1008F
Mid-blastula transition, 1365
Midbody (cytokinesis), 1094, 1094F
Migration see Cell migration
Milk, production and secretion, 1427, 1427F
Minimum gene compliment, 10, 570-571
Minor groove-binding, DNA-binding proteins, 423,
424F

Miranda protein, 1361

Mismatch conversion, gene conversion, 315F

Mismatch proofreading, 277-279, 277F, 315-316,
315F

Mismatch repair, 272
deaminated methylated cytosines, 302-303
exonucleolytic proofreading, 270, 270F
strand-directed mismatch repair, 272, 276-278,
277F
dysfunction and cancer, 277-278, 295-296,

see also DNA repair disorders
Mitochondria, 29F, 696, B15-827
apoptosis role, 1121, 1121F, 1122F, 1124F, 1125F
membrane potential, 1118
protein release, 1121, 1123
B barrel proteins, 635
biogenesis, 856, 856F, B66-867, 867F
cardiolipin synthesis, 867-868, 868F
cell aging, 868
cell-free systems, 511
cell metabolism, 838-839, 839F
distribution during cytokinesis, 1098
DNA see Mitachondrial genome
energy conversion, 815-827
citric acid cycle see Citric acid cycle
electron transport see Mitochondrial electron
transport chain(s)(s)
energetics, 819, §19F
high-energy electrons, generation, 817
oxidation of food molecules, 97F, 819F
oxidative phosphorylation see Oxidative
phosphorylation
respiratory enzyme complex, 820
see afso ATP synthesis
evolution, 27-28, 29F, 699, 700F, 859-860, 860F,
874, 875F
bacterial resemblance, 857, 859
fractionation, 511, 817F
see aiso Cell fractionation
genome see Mitochondrial genome
glutathione peroxidase, 868
growth and division, 857-858, 858F
heat production, 838
high ATP:ADP ratio maintenance, 823-824
historical aspects, 815-816
import into, 745
see also Mitochondrial protein import
lipid impaort, 867-868
focalization, 815, 816F
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microtubule associaticn, 815, 816F
nuclear-encoded tissue-specific proteins, 867
import see Mitochondrial protein import
poisons, 834, 836
protein import see Mitochondrial protein import
protein synthesis, 856-857, 856F, 867, 8569F
see also Mitochondrial genome
RNA editing, 483, 484F
structure see Mitechondrial structure
superoxide dismutase, 868
urea cycle, 867
variability with cell type, 857
volume, 697T
Mitochendrial diseases, 866
Mitochondrial DNA see Mitochondrial genome
Mitochondrial electron transport chainis){s), 814,
B19-820, 827F, 831-839
chloroplasts vs, 814, 815F, 853-854, 855F
electron carriers, 829, 831
coenzyme Q (ubiquinone), 831, 832F
cytochromes, 829, 830F, 831
see afse Cytochromef(s)
iron-sulfur protains, 83CF, 831
random collisions, 834
spectroscopy, 831, 832F
see aiso Respiratory enzyme complexes
electron tunneling, 823-824
energetics, 819, 820F
energy storage, 821
enzyme complexes see Respiratory enzyme
compiexes
natural {brown fat), 838
redox potentia's, 835, 835F
respiratory control, 837-838
reverse eiectron flow, 838
uncoupling, 836
see also Cxidative phosphorylation
Mitochondrial genome, 856-857, 861F, 868-870,
86SF
copy number, 858
diversity, 859, 861F
copy number, 857T, 858
sizes, 859F
DNA replication, 856-857, 857F, 858
evelution, 859-860, B61F
maintenance, 868-870
molecular clock rate, 862
gene expression, 483, 484F, 861-862
transcription, 863
genetic code variation, 367, 862, 862T
hurman, 861-862, 861F
mutations, 866
Mitochondrial diseases, 866
non-Mendelian inheritance, 864-865, 855F, B66
nucleaids, 859
Mitochondrial protein import, 713-719, 7156FF
chaperone proteins, 715, 716F, 717, 717
contact sites, 715-716, 715F, 718F
energy use, 716-717, 716F
into inner membrane/intermembrane space,
717-719, 718F
mechanisms, 716FF
OXA complex, 714F, 715, 718, 718F
precursor proteins, 713,715
protein translocators, 714-715
SAM complex, 715
signal sequences, 714, 714F
stop-transfer sequence, 718
TIM complex see TIM complex
TOM complex see TOM comptiex
Mitochondrial reticulum, in yeast, 857, 858F
Mitochondrial structure, 713, 713F, 815-817, 817F,
818F
chloroplasts vs, 841-842, 843F
cristae, 817, 817F
inner membrane, 713,817, 817F, 818F, 821F
electrochemical gradient, 820-821, 821F
electron tunneling, 834-835
respiratory enzyme complexes, 820, 831-832
transport across, 822
intermembrane space, 713, 816, 818F
matrix, 816, 818F, 853
matrix space, 713
mermbrane composition, 697T
outer membrane, 713, 713, 816, 817F, 818F
porin insertion, 717, 717F
role in respiration, 821
see also Electron transpert chain; Oxidative
phosphorylation
see also Mitochoendrial genome

Mitogen(s), 1102-1103
competition for, 1110
Gy-Cdk stimulation, 1103-1105
G1/5-Cdk stimulation, 1103-1105
intracellular signaling pathways, 1103, 1107,
1107-1108, 1108F
specificities, 1102-1103
see also Growth factors; specific mitogens
Mitogen-activated protein kinase(s) see MAP-
kinase(s)
Mitogen-activated protein kinase signaling see
MAP-kinase signaling pathway
Mitosis, 208F, 1054, 1055F, 1071-1092
in absence of cytokinesis, 1099-1100
APC/C and completion, 1087, 1088F
asymmetric cell division, 1099
Cdk inactivation, 1100-1101
centriole function, 1076
centrosome duplication, 1078
checkpoints, 1061, 1066, 1071, 1088
see also Cell cycle control
chromosome packaging, 1070-1071, 1090
chromosome segregation, 1089-1090
chromosome structure see Mitotic
chromosome(s}
condensin and, 1075
entry into
Aurora kinases, 1074, 1084
M-Cdk and, 1071, 1074-1075, 1078-1079
microtubule dynamics, 1080, 1081F
Poloike kinases, 1074
kinetochore and, 10821083
meiosis vs, 1091F, 1272, 1273F, 1276-1277,
1277F
microtubule instability and, 1080, T081F
mitotic spindle see Mitotic spindle
nuclear lamina, dissociation, 710-712, 712F
phases, 1071, 1072FF
anaphase, 1054, 1073F, 1089-1090, 1085F
metaphase, 243, 243F, 1054, 1072F
prometaphase, 1072F
prophase, 1054, 1072F
telophase, 1055, 1073F, 1090
see afso specific phases
see also Cell cycle; Cytokinesis; Meiosis;
Microtubule(s)
Mitotic chromosorne(s), 208-209, 208F, 209, 243,
243F, 244F, 245
bipolar spindle assembly, 1081-1082
centrosome duplication, 1078
condensation, 243, 244F, 1075F
chromatin condensation, 1070
condensin role, 1075
M-Cdk and, 1071
metaphase, 243, 243F
separation/segregation, 865, B65F, 1087, 1087F,
1039-1090
sister chromatids, 243, 243FF

hi-orientation mechanism, 1083-108S, 1084F

separation, 1087, 1087F, 1088, 1088F
spindle attachment, 1082-1083
spindle attachment, 1082-1083, 1084F

bi-orientation mechanism, 1083-1085, 1084F

forces acting on, 1085-1087, 1085F, 1086F,
1089
unattached chromosomes and, 1088
see aiso Kinetochore
Mitotic index, 1059
Mitotic spindle, 208F, 1054

assembly, 712F, 1077-1082, 1077F, 1078F, 1079F,

1082F, 1088
asymmetric cell division, 1099, 1099F
chromosome attachment, 1082-1083, 1084F

bi-orientation mechanism, 1083-1085, 1084F

forces acting on, 1085-1087, 1085F, 1089
unattached chromaosomes and, 1088
see also Kinetochore
cytakinesis plane of division, 1095-1097
disassembly, 1054-1055, 1090
intermediate filaments, role, 966-967
lamellipodia vs., 1039
length, 1079
as microtubule-based machine, 1075-1077,
1076F, 1079
assembly, 1034-1035, 1035F
bipolar array, 1034-1035, 1075-1076, 1077,
1081

classes, 1034, 1035F
instability, 1035, 1080, 1081F
see also Microtubule(s); Motor protein(s)

1:31

photeoactivation visualization, 594-595, 595F
see also Mitotic chromosame(s)
Mobile genetic elements, 316
bacterial, 318F
Drosophila melanogaster, 3187
human ganome, 207F, 318T
Alu family, 25CF, 323FF
DNA transposens, 207F
LINEs, 207F
retroviral-like elements, 207F
SINEs, 207F
insertion mechanisms see Site-specific
recombination
see afso Repetitive DNA; Transposon(s); Virus(es);
specific elements
Model organismis), 25
Arabidopsis, 36, 36F, 1398-1399
Caenorhabditis efegans, 36-37, 367F
Drosophila melanogaster, 37-38, 37F,
1328-1329
E. coli, 24-25, 25F
humans, 40, 43F
mouse, 39-40, 43F
yeast, 33-34, 34F
see also individual models
Modular organization, Eve gene, 1339
NMoesin, 1009
Molarity, definition, 46
Molecular chaperones see Chaperones
Molecular clock(s), 248-249, 862
Molecular evolution, 245-260
clock hypothesis, 248-249
mitochondria, 862
nhylogenetics, 247, 247F, 248F
Molecular mimicry, release factors (translational},
381, 382F
Molecular mations, 74-75, 75F
Molecular motors see Motor protein{s}
Maolecular switches, 895, 895-897, 895F
cell cycle control, 1061, 1065-1066, 1075
GTPases, 179, 179F
Ran GTPase, 708-709
Rho family GTPases, 1042-1043
in vesicular coat assembly, 759-760
see also individual proteins
Molecular weight, definition, 45
Molecular weight determination, centrifugation
techniques, 522-523
Moleculels), 48
hydrophilic, 52
hydrophobic, 52
large see Macremoleculels)
representation, 51
small cellular organic see Organic molecules
(small, cellular)
Mollusk, eye development, Pax-6, 13061
Molten globule, 387-388, 388F
Mom (more mesoderm) mutants, 1325
Manc-allelic expression, epigenetics, 473
Monoclonal antibodies, 508-509, 509F
in cancer therapy, 1260
immunoflucrescence microscopy, 587F, 588F,
589
Moncclonal response (lymphocyte), 1545
Monocytes, 1452, 1452F, 1453T, 1457F
Manomeric GTPases see under GTP-binding
proteins (GTPases)
Monosaccharides, 55, 57F, 112F
Monoubiguitinylation, 926
Marphogenic gradient(s)
cell fate dependent on position, 886, 886F
definition, 1318
Drosophila egg, 1333-1335, 1334F, 1335F
Drosophila wing imaginaf disc, 1352
see aiso specific rnorphogens
Morula, 1379, 1379F
Mesquitoes, Plasmodium transmission, 1464,
1501-1502
Motor neuron(s), 688, 688F, 1385, 1386F
Motor protein{s), 181-182, 1010-1025
act'n-based see Myosin(s)
ATFP hydrolysis, 1016-1019, 1017F
see alse ATP hydrolysis
biological functions, 181, 1610, 1021-1022
axenal transport, 1021, 1048F
microtubule dynamics and, 1080
mitotic spindle assembly/function, 1077,
1077F, 1079, 107SF
mitotic spindle movements, 1034-1035
muscle contraction, 1026-1030

Page nurnbers in boldface refer to a major text discussion of the entry; page numbers with an F refer to a figure, with an FF to figures that follow consecutively;
page numbers with a T refer to a table; vs means compare/comparison.
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arganelle transport, 1021-1022
RNA localization, 487F, 1022-1023
spindle pole separation, 1089
see also Mitosis; Mitotic spindle
conformational changes, 1016-1019
evolutionary origins, 1015-1016
kinetics, 1020-1021
mechanisms, 1016—1020
microtubule-based, 1614-1015
see also Dynein{s); Kinesin(s)
regulation, ¥023-1025
see also specific types
Mouse
development see Mouse development
genome
chromosomes, 293-294
comparative genomics, vs human, 249F
conserved synteny, 207, 208F, 250
imprinting, 469F, 470F
see also Genomic imprinting
transposcns, 323, 323F
knockeuts
production, 567F
transgenic organismis), 566-568, S68F
see also Gene knockouts
as model organism, 39-40, 43F, 1378
chimeras, 1380, 1380F, 1381F
genetics, vs. humans, 1378
transgenic mouse production, 567F
Mouse development, 1378-1383
branching morphogenesis {of lung), 1381-1382,
1382F
early stages and extraembryonic membranes,
1379
eqq, 1379
embryo, 1379, 1379F, 1380
embryonic stern cells (ES celis), 1380-1381,
1381F

M phase of cell cycle see under Cell cycle
MreB protein, 989
Mrfa gene regulatory protein, 464
MRNA, see Messenger RNA
MSH, production, 803F
MTOR, protein kinase, 934, 934F
mu chain, IgM, 1553
Mucociliary escalator, 1435, 1503
Mucus
host defense mechanism, 1502, 1525
secretion, 772, 774F, 1435, 1437
Multicellularity
cell-cell interactions, 1131-1132
see aiso Cell adhesion; Cell junction(s);
Extracellular matrix (ECM)
cell specialization see Cell differentiation
evolution, 955
see also Development; Tissue(s)
Multidrug resistance, 665-666
Multienzyme complexes, 168-169, 169, 169F
see also Protein complexes {assemblies)
Multinucleated cells, mitosis without cytokinesis,
1099
Multipass proteins see Transmembrane protein(s)
Multiple sclerosis, demyelination, 678
Multipotent stem cells see Stemn cell{s)
Multispecies conserved sequences, 252-253, 252F
Multiubiquitylation, 795
Multivalent antigenis), 1557
Multivesicular bodies, 795-797, 795F, 796F, 797F
Mumps virus, 1496F
Muntjac deer, chromasome differences, 204-205,
205F
Muscarinic acetylcholine receptors (mAChRs), 916
Muscle, 1463-1467
basal lamina, 1164F
cardiac see Cardiac muscle
cells see Muscle cefl(s)
classes, 1463, 1463F
contraction, 1026-1030
control by troponin, 1029, 1030F
role of Ca?*, 1028-1030
sliding-filarment model, 1026-1028, 1028F
development, 444, 464F, 1464
see also Myablast(s); Myogenic proteinis)
dilator, 1464
fibers see Muscle fiber(s)
heart see Cardiac muscle
insect flight muscle, 1027F
motor neuron innervation, 1385
skeletal see Skeletal muscle
stern cell differentiation, 1425

structure, 1026, 1027F, 1028F, 1029, 1029F
Muscle cell(s)
cardiac, 1463-1464
differentiation, 464, 464F, 1464, 1480
see aiso Myoblast(s); Myogenic protein(s)
protein isoforms, 1465
skeletal see Skeletal muscle
smooth, 888, 1450, 1463-1464, 1463F
syncytium, 1464
uncoordinated growth and division, 1109
visualizing, 1425
Musctle fiber(s), 1026F, 1064, 14641465, 1465F
Muscular atrophy {inherited spinal), SMN protein
mutaticn, 364-365
Muscular dystrophy, 1005, 1169, 1173, 1466
Mutagenesis
carcinogenesis, 1208
gene expression analysis, 556
mechanisms, 296, 298¢, 303F, 528F, 556
see also Mobile genetic elements
random, 553, 556
site-directed, 565, 565F
in vitro mutagenesis, 575
yeast, 570
see also Mutation(s)
Mutation(s), 16-17, 263, 528F
in cancer, 265, 1106, 1208, 1209, 1209-1210,
1217, 1261
conditional, 528F
temperature-sensitive, 557, 557F, 1057, 1057F
consequences, 264, 570
cancer development, 1106, 1209-1210, 1217
see also Cancer; Cancer-critical genes
evolutionary inncvation, 18, 19F, 246
see also Genome evolution
delation, 528F
destabilizing/deletericus, 265, 1214
dominant, 558
dominant negative see Dominant negative
mutation(s)
elimination by natural selection, 264, 265
gain-of-function, 528F, 557-558, 564F, 1231
germ-line, 264, 265
histones, 213
identification, 556-557, 559-560
see also Genetic screens
intragenic, 18, 19F
inversion, 528F
lethal, 528F
loss-of-function, 528F, 557-558, 1231
mechanisms, 296, 298F
see also Mutagenesis
neutral mutations, 17
null, 528F
point mutation, base substitution, 246
protein, effect on, 558F
rate see Mutation rates
recessive, 558
screening, IVF and, 1302
silent, 264
somatic, 265, 1208, 1209
suppressor, 528F
synonymous, 247
translocations, 528F, 1261
see also specific types
Mutation rates, 246, 263-264
Caenorhabditis elegans, 264
DNA repair defects, 296
Fscherichia coli, 263-264
evolutionary significance, 248-249, 264
fibrinopeptides, 264
germ-line, 264
increases, 265
see giso Cancer; Genetic instability
limitation on number of essential genes, 265
mammals, 264
rneasurement, 264
mitochondrial DNA, 862
natural selection effects, 264, 265
underestimation, 263-264
Mutator gene(s), 276-277
MutH protein, 277F
MutL protein, 277F
Mut5 protein, 277F
Myasthenia gravis, 1549
Myb gene requlatory proteins, 14007
Myc gene/protein, 950
amplified in carcinoma, 1238F
Burkitt's lymphoma, 1239
chromosome translocation activating, 1239

mitagen activaticn and, 1103
as oncogene, 1107, 1238-1239, 1242, 1242F
Mycobacterium tuberculosis, 1487
gencme size, 18T
host cell membrane traffic and, 1512, 1512F
persistence, 1507-1508
phagocytosis and survival inside phagocytic
cells, 1507-1508
phagosome maturation prevention, 1512
transmission, 1507
Mycoplasma, 14F, 1500
Mycoplasma genitalium, 10, 11F, 18T, 570-571
Myelin sheath
action potential propagation, 678-680, 679F
see also Action potential(s)
structure, 680F
Myablast(s), 464
cell culture micrograph, 504F
differentiation, 1464
fusion, 1464, 1454F
maintenance, signals, 1466
persistence as satellite (stem) cells, 1466
recruitment, muscle fiber growth, 1466
skeletal muscle fiber formation, 1465-1466
somite crigin, 1373-1374
Myoclonic epilepsy and ragged red fiber disease
(MERRF), 866
MycD gene, 464F
MyoD gene regulatory proteins, 418T, 464, 464F,
1464

Myoepithelial cells, 1427F, 1463-1464, 1463F
Myofibril, 1026, 1027F
Myofibroblasts, 1468
Myogenic protein(s}, 464, 464F
see also MyoD gene regulatory proteins
Myogenin gene regulatory protein, 464
Myoglobin, 20, 21F, 144F
Myosin(s), 1011~-1014
ATP hydrolysis, 1012, 1G17F
cycle of structural changes, 1016
enzymatic digestion, 1012
evolutionary origin, 1015-1016
farce generation, 1016
motor activity of head, 10712F
mavement speed, 1020
muscle contraction, 1026-1028
non-muscle, 1012-1013
power stroke, 1016
rigor state, 1019
structure, 1012, 1013, 1015F, 10156
subtypes, 1013, 1013F
see also individual types
Myosin {, 1013, 1013F
Myosin il, 1011
cefl motility, 1039F, 1041
contractile ring (cytokinesis), 1093-1094, 1095,
1095F
filament arrangement, 1026
lever arm, 1020, 1020F
mechanochemical ¢ycles, 1017F
muscle contraction, 1026-1028
processivity, 1020
regulation by phosphorylation, 1024-1025,
1025F

structure, 1017F
thick filament, 1012F
Myesin V, 1013, 1020, 1022
Myosin light-chain kinase (MLCK}, 1024, 1025F,
1030
Myostatin, 1110, 1111F
gene mutation, effects, 1455-1466
muscle growth control, 1465, 1466F
mutaticn in mice, 1466F
Myotendinous junctions, 1170
Myatonia, voltage-gated cation channels, 682

N-acetylneuraminic acic see Sialic acid (NANA)
NAC gene regulatery proteins, 1400T
NADH dehydrogenase complex, 832, 833F, 836
NADH/NAD?, 78, 82-83, 92F

citric acid cycle, 98, 817

electron carrier, 82-83, 818-819, 818F, 819-820

see also NADH/NADY

functicnal roles, 83

generation, B19-820

glycolysis, 83, 92F, 93F

preduction from pyruvate, 96
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NADPH/NADP*, 78, B2-83, B2F
electron carriers, B2-83, B2F
functional role, 83
photosynthesis, 94
carbon-fixation, B45, 845F
evolutionary significance, 872
noncyclic photophosphorylation, 850-853
NADPH oxidase complex, 1532
Naive cells, immune response, 1546, 1546F
Nanos protein, 1283, 1333F, 1334, 1334F
Nasal placode, 1384F
Natural immunclogical tolerance, 1547
see afso Immunological tolerance
Natural killer (NK} cell(s), 1453, 14537, 1535~1536
activation, interferon-f (IFNJ), 1536
MHC class | recognition, 1535-1536
virus-infected cell destruction, 1535-1536
virus-infected celt recognition, 1536
Natural selection, 16-17
alleles, 561-562, 562F
mutations, 264, 265
see also Mutation(s}
protein conformation, 137
purifying selection, 247
seff-replicating molecules, 404-406
sexual reproduction and, 1271
in tumor progression, 1212-1213
see also Evolution
N-cadherin (neural cadherin), 1136, 1138T, 1388
NCAM {neural cell adhesion molecule), 1388
Nebulin, 1028, 1028F
Mecrosis, 1115
Negative feedback {feedback inhibition), 902, 902F
allostery, 171, 172F
see also Allosteric regulation
conformational coupling, 171, 172F
multiple, 170F, 171
rate of inhibition, 172, 173F
regulation, 170F, 171
transcription circuits, 459, 459F
MNegative selection, thymus, 1586-1587, 1587F
Negative staining, electron microscopy, 610, 611F
Negative supercoiling, 344F, 345
Negative translational control, 488, 490F
Neisseria, 1520
Neisseria gonorrhioeae, 22, 456
Nematodes see Caenorhabditis elegans
N-end rule see N-terminal degradation
Neoplasm {tumor) see Cancer
Nernst equation, 669, 670
Nerve cells see Neuron(s)
Nerve growth factor (NGF), 923F, 923T, 926, 930,
1109
Nervous system
apoptosis, 1115-1116
cadherin expression, 1136, 1136F
development see Neural development
neurons see Neuron(s)
see also entries beginning neuro-/neural: specific
regions/cell types
Netrin protein, 1049, 1388, 1388F
Neural cell adhesion molecule (NCAM), 1146-1147
Neural crest cell migration, 1036, 1140, 1140F, 1374,
1374F
Neural development, 1383-1397
axon-dendrite distinction, 1, 1383, 1386-1387,
1387F
cadherins and, 1140-1141, 1140F, 1141F
early embryonic origins, 1383
brain and spinal cord [CN5), 1367F
chick embryo, 1384F
neural crest, 1374
peripheral nervous system [PNS), 1384
see also Neural crest cell migration
effects of experience, 1395-1396, 1395F,
1396-1397
gap juncticns, 1161
growth cones, 1049, 1049F, 1386-1388, 1386F,
1447F
guidance, 1140, 1387-1388, 1388F, 1393F
integrins and, 1177
neural birthdays and diversification, 1385-1386,
1386F
neural crest cells see Neural crest cell migration
neural map formation, 1391-1392, 1391FF,
1392F, 1393F
activity-dependent remodelling, 1393-1395
neural migration, 1385F
see afso Neural crest cell migration
neural plate, 1367F, 1370-1371, 1370F

neural specificity, 1391-1394
neural tube, 1370, 1370F, 1384, 1385F
neurite(s), 1390F
neuroblasts, 1360
neurogenesis, 1360, 1360F, 1383-1385
neuron ceath, 1389-1360
neurotrophic factors, 1389-1390, 1390F
neurulation, 1370-1371, 1370F, 1377
phases, 1383, 1384F
synapse elimination and remaodeling,
1393-1395, 1394F, 1395F
synapse formation, 114GF, 1393-1394
CAMs, 1147-11448
scaffold proteins, 1148-1149, 1148F
Neural maps, 1391-1393, 1391F
Neural piate, 1161, 1370-1371, 1371F
Neural retina see Retina
Neural stemn cells, 1478-1479, 1480
Neural tube, 1140, 1141F, 1370, 1371F, 1385F
Neuraminidase, subunit association, 143, 143F
Neurites, definition, 1047
Neuroblasts, 1360-13561
Neurodegeneration, 1048
protein aggregates, 396-397
see afso Prion diseases
see alse specific diseases
Neurofibromatosis, 1010
Neurofilaments, 985T, 987, 987F, 1048
organization, 1005
see giso Intermediate filament(s)
Neuraligin, synapse formation, 1147-1148
Neuromuscular junction (NMJ), 684F
acetylcholine receptors, basal lamina and, 1168
ion channels, 684-686
regeneration, basal lamina and, 1168-1169,
1168F
Neuron(s)
apoptosis, 1126, 1126F
character assignment, 1385-1386
cytoskeleton
dynamic instability, 1049
neurofilaments, 985T, 987, 987F, 1005, 1048
see afso Intermediate filament(s)
organization of microtubules, 1048F
specialization dependent an cytoskeleton,
1047-1050
development, 1383-1397
migration, 1385F
specification (neurogenesis), 1360, 1360F,
1383-1385
see also Neural development
electrical properties, 688-690
see also Action potential(s)
gap junctions, 1161
interconnections, 1385-1386
plasma membrane, 545
schematic, 675F
size control, 1109, 1110F
structure
axons see Axonls)
cytoskeleton see cytoskeleton {above)
dendrites see Dendrite(s)
function relationship, 675-676, 688F, 1049F
polarized cells, 806, 806F
see alse Neurotransmitter(s); Synapsels); specific
types
Neuronal doctrine, 504
Neuraspheres, 1478
Neuwrospora, gene definition, 481
Neurotransmitter(s), 582, 683, 684, 882, 888F
jon channel gating see Transmitter-gated icn
channel(s)
see aiso individual neurotransmitters
Meutral mutations, 17
Neutrephil(s), 1451
apoptosis, 1117
celt crawling, 1036
cytoskeleton rearrangement, 969, 969F
lineage and formation, 1457F, 1460-1461
NADPH oxidase complex, 1532
phagocytosis, 787, 788F, 1531-1532, 1557T
polarization, 1045F, 1046F
raptd turnover by apoptosis, 1462
receptors, 1531-1532
structure, 1452F
Toill-like receptors (TLR), 1531
Newt, limb regeneration, 1480, 1480F
NFkB proteins, 952-954, 953F, 1530
NGF see Nerve growth factor (NGF)
N-glycanase, misfolded protein degradation, 740F
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Nicotinamide adenine dinuclectice see
NADH/MAD*
Nicotinamide adenine dinucleatide phosphate see
NADPH/NADP*

Nicotinic acetylcholine receptors (nAChRs), 916
Nidogen, basal lamina, 1165, 1166, 1167F
Nitric oxide (NO), B87-889, 828, 1450
Nitric oxide synthase, 888, 888F
Nitrocellulose membranes, 519F, 538-539, 539F
Nitrogen cycle, 100-101
Nitrogen fixation, 13, 13, 15F, 100
Nitroglycerine, 888
NK cells see Natural killer {NK) cell(s)
N-linked cligosaccharide(s)
formation, 774-775, 774F
protein folding function, 739F
protein glycosylation, 738, 776F
three-dimensional structure, 777F
NMDA receptors, 691-692
NMR spectroscopy, 139, 529-530, 529F, 530, 530T
Nocodazole, 988T, 1021
Nedal protein, 1376-1377
Nede, in piants, 1398F, 1407
Nodes of Ranvier, 680, 680F
NOD proteins, 1531-1532, 1536
Noggin protein, 940, 1316T
Noise, electron micrescopy, 610-611
Nemanski differential-interference contrast
microscopy, 583
Nencoding DNA, 31, 204
genome rich in, 331
introns see Intron{s)
from mitochondria, 860
repetitive elements see Repetitive DNA
Nancading RNA, 360-361
see also specific RNA types
Noncovalent interactions, 53-54, 110-111FF
hydrogen bonds see Hydrogen bonds
hydrophobic forces, 111F
ionic bends see tonic bonds
macromolecules, 55F, 64, 64F, 126-127, 156,
158F
van der Waals attractions see Van der Waals
forces
weak interactions, 110F
Noncyclic photophosphorylation, 850-853, 852FF
ATP synthesis, 94-65, 95F, 851
NADPH synthesis, 94, 851
Nondisjunction, 1236F, 1278-1279
Naon-Hodgkins lymphoma, metastasis, 1206F
Nonhamologeus end-joining, DNA double-strand
break repair, 302303, 303F
Non-Mendelian inheritance, 864-8635, 8655, 866,
B66F
Nonretroviral transposons, 3187
Nonsense-mediated mRNA decay, 385-387, 3861
Narmal microbial flora, 1486, 1501
Northern blotting, nucieic acid hybridization,
538-539, 539F
Nase, embryonic origin, 1384F, 1429
Natch receptor protein, 777, 946, 947, 948F,
1356-1358
MNotch signaling pathway, 946-948
angiogenesis, 1449
animai development, 1316F
Arabidopsis, absence, 1400
at Drosophila wing margin, 1352, 1352F
endothelial cells, 1448
gut cell differentiation, 1439-1440, 1439F
in neurogenesis, 1360-1361, 1360F
in nen-neural tissue, 1362
pancreas, 1444
in sensory bristle development, 1356-1358,
1356F, 1358FF
in skin, 1426
in vertebral limb, 1355
Netch signal protein, C elegans early embryo, 1324
Noxa, apoptosis, 1123
NPCs see Nuclear pore complex{es)
NSF, 764, 764F, 769F
N-terminal degradation, 395-396
Ntre regulatory protein, DNA looping, 438F
Nuclear-cytoplasmic transport
directionality, 709, 709F
expart mechanisms, 708-709, 709F
import, 705-710
mechanisms, 708-709, 708F, 705F, 710F
receptors, 7Q7-708, 708K 710F
regulaticn, 711F
mRMNA export, 329F, 358-360, 359F, 383

Page numbers in boldface refer to a major text discussion of the entry; page numbers with an F refer to a figure, with an FF to figures that follow consecutively;
naae numhbers with a T refer to a table: vs means compare/comparison.
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export-ready mRNA, 329F, 357, 358-359, 359F
gene expression regulation, 485-486
HIV, 485-486, 486F
localization mechanisms, 486-488, 4871
regulation, 710
nuclear localization signals (NLSs), 705-707,
706F

nuclear pore complexes see Nuclear pore
complex(es)
nuclear pores see Nuclear pores
nucleopaorins, 705
Ran GTPase, 708-709, 709F, 710F
receptors, 708
regulation, 709-710, 711F
shuttling proteins, 709-710
MNuclear envelope, 26, 200-201, 201F, 704
mitotic cells, 712F, 1071, 1079-1080, 1080, 1090
structure, 201F, 705F, 706F
see also Nuclear lamina
Nuclear export receptor(s), 708
Nuclear export signalis), 708
Nuclear hormeone receptor(s)
gene duplication and divergence, 254, 255F
gene regulatory proteins, 14007
zinc finger proteins, 421-422, 423F
Muclear import receptor{s}, 707-708, 708F
Nuclear lamina, 200, 201F, 704, 705F, 706F
electron micrograph, 711F
mitosis, 711-712, 712F
structure, 710
Muclear lamins, 984, 985T
Nuclear Iocaiization signals {NLSs), 705-707, 706F
MNuclear magnetic resonance (NMR) spectroscopy
see NMR spectroscopy
Nuclear matrix {scaffold), 242
Nuclear membrane, 704, 705F, 706F
Nuclear pore complex{es), 358, 705
mechanism of action, 706-707
mRNA transport, 329F, 358, 359F, 487
Ran GTPase, 708-709
size exclusion, 705, 706F
structure, 358, 359F, 705, 7/06F
visualization, 706-707, 707F
Nuclear pores, 200, 201F, 609F
see also Nuclear pore complex(es)
Muclear receptar superfamily, 889-890, 891F, 392F
Nuclear scaffold see Nuclear matrix
Nuclear shuttling protein(s), 709-710
Muclear transplantation, 411, 413F
Muclear transport receptor(s), 708
Nucleation, of cytoskeletal polymer, 973, 978F, 992
see also Actin polymerization; Microtubule(s)
Nucleic acid(s), 117F
biosynthesis, 85, 85F, 86, 87F
see also DNA synthesis; RNA,synthesis
chemistry, 116-117F
DNA see DNA (deoxyribonucleic acid)
hybridization
hybridization conditions, 535-536, 537F
Northern blotting, 538-539, 539F
recombinant DNA technology, 532, 537F
Southern biotting, 539-540, 539F
see also DNA hybridization
nucleotide subunits, 6162
origin of life, 401-402
see afso Origin of life; RNA world hypaothesis
properties, 401
base-pairing see Base-pairing
RNA see RNA {ribonucleic acid)
structure, 117F
Nucleocapsid, viral, 1497F
Nucleofilaments, RecA protein-DNA interactions,
307F
Nucleoids, 859
Nucleolus, 362-363, 362F, 363F, 364F
ribosome synthesis see Ribosomel(s)
Nucleoporinis), 705
Nucleoside triphosphates, RNA polymerization, 334
Nucleosome(s), 211-213, 211-218
30-nm fiber, 211F, 212F
see also Chromatin
chromatin remodeling, 215-216, 432, 433F
core particle, 212-214, 212F
see also Histone!{s)
DNA interactions, DNA bending, 214F
DNA replication, 280, 289-290
dynamic structure, 215-216, 215F
histone H1 binding, 218, 218F
historical aspects, 220
linker DNA, 211

nonhistone proteins, 211
protein binding, 215
structural organization, 217, 211F, 212F
structure determination, X-ray diffracticn, 212F
transcriptional effects, 344
see also Chromatin
Nucleosome sliding, 215-216, 215F
Nucleotide(s}, 3, 3, 3F, 61-62, 116-117FF
biosynthesis, 101
damage, 296, 296F, 297F
energy carriers, 61
see giso ATP {adenosine triphosphate)
hydrolysis
actin filament assembly, 974, 1002
cofilin, 1002
FtsZ protein, 989
microtubule assembty, 974, 979, 979F
mator protein force generation, 1016-1019
treadmilling, 576, 977F
see aisc ATP hydrolysis
nomenclature, 117F
nucteic acid subunits, 61, 62, 197, 332
see qlso DNA (deoxyribonucleic acid); RNA
{ribonucleic acid)
structure, 51, 61F, 116K, 197
in tRNA, 37CF
see also individual nucleotides
Nucleotide excision repair (NER), 2957, 298, 295F
Nucleus
compartments, 241-243, 241F, 242F
DNMA localization, 200-201
see giso Chromosorme(s); DNA
{deoxyribonucleic acid)
membrane amounts, 637T
proteins, 358-359
structure, 200-201, 201F
subnuglear bodies, 363-366, 365F
Cajat bodies, 363-364, 364, 365F
functions, 364-366
GEMS, 363364, 364, 365F
nucleoius see Nucleolus
speckles, 363-364, 365F
visualization, 365F
transport into/out of see Nuclear-cytoplasmic
transport
volume, 6977
see afse entries beginning nucleo-/nuciear
Nucleus, egg (ovum), 1287
Nult mutaticn(s), 528F
Numb protein, 1358, 1359F
Numerical aperture, microscope lens, 581, 582F
Nurse cells, 1290, 1290F
Nutrient absorption, liver, 1442
N-WASp, pathogen movemient, 1516, 1516F
Nylon membranes, Northern blotting, 538-539,
539F

&

QObesity, 1215, 1475
Obligate pathegens, 1430-1491
Occludin, 1153
Qccluding junction{s), 1132, 1132F, 1133T
see aiso specific types
Oct1 Pou domain protein, 418T, 425F
Octylglucoside, membranz protein solubility, 637
Qcular dominance cclumns, 1395F
Qdorant receptor genes, 1430
Odorant receptor proteins, in axon guidance, 1430
Okazaki fragments, 267-268, 269F, 272, 281F
Oleic acid, 114F
Olfactory bulb, neural stem cells and neuronal
turnover, 1430
Olfactory sensory (receptor) neurens, 917,
1429-1430, 1429F
Oligoclonal response, 1545
see also Immune response/system,adaptive
Oligedendrocytel(s), 504F, 678
Oligenucleotides, affinity chromatography, 428,
429F
Oligosaccharide(s), 55-56, 113F
complex, 113F
ER processing, 775F
Golgi apparatus processing, 773-775, 773F,
775F

sialic acid addition, 774F

side chain diversity, 636
Oligosaccharyl transferase, 737, 737F, 747F
O-linked cligosaccharide(s), protein glycosylation,

738, 776, 776F
OMP decarboxylase, reaction rates, 161F
Cncogenefs), 1107, 1231
activation, 1107, 1231-1234, 1238-1239,
1241-1242
identification, 1232
new methods of identification, 1239
overexpression, 1237-1239
viral, 1232
see gise Cancer-critical genes; individual
genes/proteins
Oncogenesis, retroviruses, 1232
Cacytes, 1288, 1291F
asymmetrical division, 1289, 1289F
development (oogenesis), 1288-1290, 1289F,
1291F
Drosophila, cogonium, 1288, 1290, 1290F
follicle/accessory cells and, 1290-1292, 1290F,
1291F
gene expression, 1290
lampbrush chromosomes, 1288
maturation, 1288-1289, 1201-1292, 1291F
meiosis, 1280, 1281, 1288, 1290, 1292
primary, 1288, 1289F, 1291F, 1292
secondary, 1289, 12R9F, 1292
size acquisition mechanisms, 1280-1291, 1290F
Qogenesis, 1288-1290, 1289F 1291F
Cogonia, 1288, 1290, 1290F
Cpa membrane protein family, Neisseria, 1520
Open reading frames (ORFs}, 490, 551
Operator(s), 433F, 434, 434F
lambda, 457-458
Cperons, 433F, 462-463
see giso Lac operon (Escherichia coli)
Opportunistic pathogens, 1490
Opsin, 1433
Cpsonization, 1555, 1555F, 1557T
Optical diffraction, 581
Optical sectioning, 590-592, 590F, 592F
Optical tweezers, 527
COptic nerve, regeneration, in frog, 1391
Cptic tectum, 1391, 1391F
Cptional introns, 863
(ORC see Origin recognition complex (QRC)
CGrganelle(s), 695-697
analysis methods, 508-512
chloroplasts see Chloroplast(s)
cytokinesis and, 1098
development, 702, 704
energy converting, 813
see alsa Chlereplast(s); Mitochondria
evolution, 6897-699, 700F
inheritance, 864-865
membranes, 6977
mitachondria see Mitochondria
phesphoinositides, 757
position, 697
topological relationships, 700F
velume, 696, 6971
see also specific organelles
Organic chemistry, 45
Organic molecules (small, celiular), 55
amina acids see Amino acid(s)
as building blocks, 56F
diffusion rate in cell, 74-75
fatty acids see Fatty acids
metabolism, 55
nucleotides see Nucleotide(s}
photosynthetic synthesis, 68-70
sugars see Sugars
Organism growth
cell growth and, 1102, 1108
inhibitory factors, 1110, 1111F
total cell mass control, 1102, 1111-1112
see also Development; Multicellularity
Organizer (Spemann’s Organizer), 1368, 1370
Organ of Corti, 1430, 1431F
Organogenesis, 1347-1363
see also Development; specific organs
Organotrophs, 12
Origin of life, 400-408
DNA as hereditary material, 408
electron transport chain evolution, 871-872,
872-875
linid bilayers, 405406
pre-RNA world, 402-403, 402F
protein synthesis, 407-408
RNA world see RNA world hypothesis
self-replicating molecules
autocatalysis requirement, 401
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natural selecticn, 404-406
polynuclectides, 401-402
polypeptides, 401
see also Catalytic RNA
time line, major events, 874F
see also Evoluticn
Origin of replication see Replication origin(s}

Origin recognition complex (ORC), 287, 288, 288F,

289F, 1068
Orphan receptors, nuclear receptor superfamily,
889

Orthologous genes, 20-21, 20F, 21F
Oscillation
circadian see Circadian clocks

of gene expression in somitogenesis, 1371-1373,

1372F, 1373F
Osmium, electron microscopy stains, 606
Osmium tetroxide, EM sample preparation, 605,
605F
QOsmolarity regulation, 663, 664, 664F, 664FF
Ossification, process, 1470-1472, 1471F
Osteoblast(s}, 1458, 1469-1470, 1470F
ECM production, 1179
lineage and formation, 1467F
precursor cells, 1470F
remodeling of bone, 1473F
Osteoclast(s), 1470, 1472, 1472F
bone erosion, 1471
cartilage erosion, 1472-1473, 1472F
cell crawling, 1036
remodeling of bone, 1473F
Osteocytes, 1470, 1470F, 1472F
Osteogenesis imperfecta, 1187
Osteogenic cells, 1470F
Osteoid, 1469-1470, 1470F
Osteopetrosis, 1474
Osteoporosis, 1474
QOuabain, sodium-potassium pump effects, 663
Ovaries
accessory cells, 1290-1292, 1290F, 1291F
cancer, DNA repair defects, 295T
development, 1285, 1288
gap junctions, 11561
Ovulation, meiosis completion after, 1280, 1290,
1292
Ovum see Egg (ovum}
OXA complex, 715,718, 718F
Oxaloacetate, 98, 98F, 99, 122F, 123F
Oxidation reactions, 71, 71F
biological vs combustion, 820F
B oxidation, peroxisomes, 722
cellular energy production, 70, 88-103
see giso Respiration
electron transfers, 72, 828
peroxisames, 722
Oxidation-reducticn (redox) reactions, 828-829,
831
see also Redox potential(s)
(Oxidative damage, DNA, 296, 296F
Oxidative metabolism
energetics, 70
glycolysis, 91, 92F
see also Glycolysis
Oxidative phosphorylaticn, 819, 819F, 820F
ATP synthesis, 98, 100F, 821-822, 822F, 823
electron transport see Mitochondrial efectron
transport chain
evolution, 870-872, 871F
Oxygen
atmospheric, 873-874, 874F
electron affinity, 832-833
evolutionary significance, 873-875, 874F
free radical generation, 833, 874
reduction by cytochrome oxidase, 832-834,
833F
requirement for catabolism, 96-97, 817-818
see also Aerchic metabolism
toxic compounds, 1532
transport molecules, 256-257
Oxygen-carrying molecules, 256-257
Oxytocin, 1428

P

P;, cells in C. elegans embrryo, 1324-1325, 1324FF
16 (INK4} CKl protein, in cancer, 1243
p21 gene/protein, 1105, 1106F, 1246
P53 gene/protein
apoptosis, 1123,1127

cell-cycle arrest in respanse to telomere
shortening, 1217

DNA binding, 418T, 423, 424F

DNA damage checkpoint, 1105, 1106F

Mdm2 protein interactions, 1105

modes of action, 1246, 1246F

madifications, 187F

mutant forms overexpressed, 1246

tumor suppressar, mutated in cancer, 1106, 1127

colorectal cancer, 1251-1252, 12527
deficiency targeted in cancer therapy, 1257
inactivation by DNA tumor virus proteins,
1517-1518
Pachytene, 1275

PAGE see Polyacrylamide gel electrophoresis (PAGE)

Pair-rule genes, 1333, 1337-1338, 1337F
Pancreas, 1444
Pancreatic exocrine cell(s), organelles, membrane
amounts, 6977
Pandemics, influenza virus, 1521, 1522F
Paneth cells, 1437-1438, 1437F, 1440, 1526F
Papanicolaou technique, Cervical cancer, 1212
Papillomas, 1226-1227
Papillomaviruses, 1228, 1228F
cancer role, 1228T, 1248
oncogenes (E6 and £7), 1248, 1249F
subversion of cell-cycle control, 1248-1249

PAPS see 3'-Phosphoadenosine-5’-phosphosulfate

(PAPS)
Pap smear, 1212
Par3 gene/protein, epithelial apico-basal polarity,
1156-1157, 1157F
Par3/Par6/aPKC complex, neurobiast cell division,
1361
Par4 gene/protein, epithelial apico-basal polarity,
1155-1156
Paré gene/protein, epithelial apico-basal polarity,
1156-1157, 1157F
Paracellular transport, tight junction(s}, 1152
Paracortex, lymph node, 1550, 1551F
Paracrine signaling, 881, 882F, 833
Paralogous genes, 20-21, 20F, 21F
Paramecium, in tree of life, 16F
Parasegments, Drosophita, 1330
Parasites
intracellular, host cell invasion, 1508-1511
parasitic worms, 1489
protozoan, 1494-1495
Parathyroid hormone, 9077

Par genes/proteins, epithelial apico-basal polarity,

1155-1157, 1156F, 1157F
see aiso specific genes/proteins
ParM protein, 990, 990F
Parthenogenesis, 1287
Parvoviruses, 1496, 1496F
Passive transport, 653, 654F

Patch-clamp recording(s), gated channels studies,

680-682, 681F

Patched protein, 950, 952F

Patch electrodes, 527

Paternity testing, 547F

Pathogen(s), 1485-1537, 1539, 1539
colonization of host, 1501-1502
drug resistant, 1521-1524
evasion of host defenses, 1502-1504
evolution {rapid}), 1520-1521
facultative, 1490
host behavior modification, 1518
host cell membranes and, 1511-1514, 1511F
host cytoskeleton and, 1514-1517
host interactions, 14861487
host membrane traffic changes, 1511-1514
host response, signs/symptoms, 1487-1488
human evolution, effects on, 1487
immune respornse to see Immune

response/system

infections see Infection(s)
infectious process, 1501-1502
intracellular see Intracellular pathogens
nonpathogens vs., 1492F
obligate, bacterial, 1490-1491
apportunistic, 1490
phagocytosis, 1531-1532
phylogenetic diversity, 1488-148¢
primary, 1486-1487
recognition by host cells, 1526-1528
requirements to multiply in host, 1487
spread, host behavior modification, 1518
tissue damage, 1488
see also Bacteria; Fungi; Parasites; Protozoa;
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Virus{es)
Pathogen-associated immunostimulants, 1526,
1527,1539
Pathogenesis, definition, 1489-1490
Pathogenicity islands, 1491, 1491F
Pathway guidance, of migrating cell, 1045, 1140
neuronal, 1140, 1147, 1177, 1188F, 1385-138%
Pattern recognition receptors, 1527, 1541-1542
dendritic cells, 1536, 1571
pathogen recagnition by phagocytes, 1531
Toll-like proteins, 1530-1531
Pax3, 1464
Pax6 (and homalags), eye development, 466, 466F
Pax7, 1464
P-cadherin, 1136, 1138T
PCNA protein, 275F
PCR see Polymerase chain reaction (PCR)
POGF see Platelet-derived growth factor (PDGF)
PDI see Protein disulfide isomerase (PDI}
PDZ domains, scaffold proteins, 1148
Pectins, plant cell wall, 1198, 1198F, 1199T
P elements, 318T, 480, 556
Pemphigus, 1144
Penicillin, 1521-1522
Pentoses, 112F
Peptide-binding greove, MHC protein, 1577, 1578F,
1579F
Peptide bonds, 59, 60F
bond angles, steric limitations, 127F
formation, 128F, 407
hydrolysis, 161
Peptide fragments, immune response, 1581-1585
Peptide-MHC complex, 1577-1579, 1578F, 1579F,
1580F
see also MHC (major histocompatibility complex)
Peptide nucieic acid (PNA), 4032, 402F
Peptide transporters, class | MHC proteins loading,
1582, 1582F
Peptidoglycan(s}, bacterial cel! wall, 1490F, 1527
Peptidyl transferase, 376, 379, 379F, 407
Peptidyl-tRNA-ribosome binding, 375, 375F
Per clock gene, 462F
Perforin, 1573, 1573F
Pericentriolar matrix, 1076
Pericytes, 1446F, 1450
Perinuclear space, 705F
Periodic table, 49f
Peripheral lymphoid organis), 1541F, 1543, 1543F
Peripheral tolerance, 1587-1588
Periplasmic space, 1490F
Peritanitis, 1486
Perlecan, 1165, 1166, 1167F, 1184T
Permeases see Carrier protein(s)
Peroxin{s), peroxisome protein import, 722
Peroxisomel(s)
electron micrograph, 721F, 723F
enzymes, 721
functions, 696, 721-722
hydrogen peroxide, 721
membrane amounts, 697T
[} oxidation, 722
oxidative reactions, 721-722
phaspholipid impert from ER, 745
plasmalogens, 721
production, 723F
protein import, 721-723
structure, 721
volume, 697T
see also Glyoxysomels)
Per protein, 452F
Pertussis, 1503
Pertussis toxin, 906-907, 1503
Petite mutants, B66-867
Peutz-leghers syndrome, 1156
PEV {position effect variegation), 221, 221F
P granules, 1323, 1323F
pH, 52, 109F
gradient, 820-821, 821F
intracellular, 596
see also Acid(s); Base(s) {chemical)
Phagocytic cells, 1531-1534
see also Macrephagel(s); Neutrophil(s)
Phagocytosis, 26, 27F, 28F, 784F, 787-789, 1115,
1531F
antibody-activated, 1555, 1555F
bacterial entry into host cells, 1507-1508
complement role, 788, 1528-1529
electron micrographs, 788F
induction by bacteria, 1508, 1509F
macrophages, apoptosis, 1117
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pathogens, 1531-1532
process, 1531-1532
resistance mechanisms, 1531-1532
respiratory burst, 1532
Phagolysosome, 1511-1512, 1511F, 1513,
1531-1532
Phagosomels), 782-783, 787-788, 1452, 1531-1532
Phalloidin, 987, 9887
Phase, 581, 583
Phase-contrast microscopy, 504F, 583
Phase transition, membranes, 623
Phase variation, DNA rearrangement, 454-455,
455F
see also Site-specific recombination
Phenobarbital, effect on liver, 1444
Phenol extractions, nudeic acids, 538
Phenotype, 553, 554F
analysis, 556-557
see also Genetic screens
heritability see Genomic imprinting
Phenylalanine, structure, 129F
Pheromones, 917
Philadelphia chromosome, in chronic myelogenous
teukemia, 1208, 1208F, 1261, 1261F
Phorbol esters, as tumor promoters, 1226
Phosphatase(s) see Protein phosphatase(s)
Phosphate bonds, 107F
band energies, 93F
phosphoanhydride bonds, 61, 93F
phosphodiester, 61-62, 93F
Phosphate groups, 107F, 175
Phosphate transfer reactions, 80, 84F
dephosphorylation, 176, 176F
glycolysis, 91, 92f
phosphaorylation see Phosphorylation
see also ATP (adenosine triphosphate); Protein
kinase(s); Protein phosphatase(s)
Phosphatidyicholine, 618, 619F, 743, 743F
Phosphatidylethanolamine, 618, 619F, 743
Phosphatidylinositol (Pl}, 627, 743, 796-797, 909F,
933
Phosphatidylinasitol 3, 4-bisphosphate [PI(3, 4)P5],
1010
Phosphatidylinositol 3"-kinase (Pl 3-kinase),
932~
actin organization, 1043F, 1046
extracellular signaling, 627, 627F
growth factor signaling, 1108, 1109F
Phosphatidylinositol 4, 5-bisphosphate [PI{4, 5)P3],
909, 909, 910F, 311FF
Phosphatidylinositol 4-phosphate [PI(4)P], 910F
Phosphatidylinasitol-specific phosphoelipase C, 630
Phosphatidylserine, 618, 619F, 626, 788, 1117
3-Phospheadenosine-5"-phosphosulfate (PAPS),
776, 776F
Phosphoanhydride bonds, 61, 93F
Phosphodiesterase, base excision repair (BER), 299F
Phosphodiester bonds, 61-62, 93F, 199F
Phosphoenolpyruvate, 121F
Fhosphofructokinase, 120F
Phosphoglucose isomerase, 120F
2-Phosphoglycerate, 121F
3-Phosphoglycerate, 91, 92F, 121F
Phosphoglycerate kinase, 91, 121F
Phosphoglycerate mutase, 121F
Phasphoglyceride(s), 618, 618-620, 619F
see alse individual molecules
Phosphoinositide-dependent protein kinase |, 934
Phosphoinositide kinases, 757, 757F
Phasphaoinositides see Inositol phospholipid(s)
Phosphoinositol (P}, 757, 757F
Phosphoinositol kinases, 757, 757F
Phosphalipase(s), 627
see also specific phospholipases
Phospholipase C {PLC), 909, $10F, 1299
Phospholipid(s), 9, 618
aggregates, 115F
amphipathic molecules, 58-59
bilayers, 59F, 405-406, 407F
see also Lipid bilayer(s)
biosyrithesis, 58, 86/-868
cell macromolecules, 62F
lipid droplets, 625-626
membrane compeosition, 618-620
properties, 620
structure, 58-59, 59F, 114F, 618
synthesis, ER, 743-745
see also specific malecules
Phospholipid exchange proteins, endoplasmic
reticulum {ER), 745

Phospholipid flippase(s), lipid bilayer assembly,
744, 744F
Phosphalipid scramblase, 627, 744-745, 744F
Phospholipid transfer proteins, 745
Phospholipid translocator(s}
apoptosis, 627
flippases, 744, 744F
lipid bilayer assembly, 622, 743-745
scramblases, 627, 744-745, 744F
Phosphorus-32, DNA label, 534
Phosphorylation
ATP-mediated, 84F
cascades, 895
GTP-hinding vs,, 180F
histone tails, 222, 223F
noncyclic photophosphorylation see Noncyclic
photophosphorylation
oxidative see Oxidative phosphorylation
protein see Protein phosphorylation
Phosphotyrosine-binding domain (PTB domain,
PTB site), 838, 899F
Photoactivation, 594-595, 595F, 596F
Photochemical reaction centers, 848, 849F, 854F
bacterial, 850, §50F, 853-854
electron transfer, 849
photosystem [, 854F
Photophosphorylation, 850-853, 852FF
see afso Photosystem(s)
Photoprotein, 960-961
Photoreceptors {photoreceptor cells), 318F, 1429,
1432-1433, 1433F
see alse Cones; Rod photoreceptors (rods)
Photorespiration, 846-847
see afso Carbon fixation
Photosynthesis, 69-70, 840-855, 844F, 849-850,
850F
bacterial, 840, 863, 872-875
see also Cyanobacteria; Purple bacteria
carbon fixation (dark reactions) see Carbon
fixation
chlorophyll photochemistry, 847848, 847F, 848F
see also Chlorophyli(s); Photosystem(s)
chloroplast(s}, 843-848, 844F
cyclic photophospharylation, 853
electron transport see Photosynthetic
electron transport chain(s}
noncyclic photophasphorylation, 850-853,
852FF
proton-maotive force, B53-854
cyclic photophosphorylation, 853
electron-transfer (light reactions) see
Photosynthetic electron transport
chain(s)
energetics, 68-70
equation, 70
evolution, 840-841, 853
bacterial, 872-875
noncyclic photophesphorylation see Moncyclic
photophosphorylation
photosystems see Photasystem(s)
relation to respiration, 70, 70F
stages, 69, 70F
see afso specific components
Photosynthetic electron transport chain(s), 827F,
843-844, 844F, B49-850, 850F, 852F,
873F
across thylakoid membrane, 852F
see also Thylakoid(s)
electron carriers, 850-853, 852F
evolution, 872-875
mitochondrial electron transport vs,, 815F,
853-854, 855F
reaction centers, 848, 849-850, 850F
redox potentials, 852F, 853
water-splitting enzyme, 851, 852F, 873
Z scheme, 852
see afso Carbon fixation; Chloroplast(s)
Photosynthetic organisms, 840
bacteria, 840, 863
evolution, 872-875
see also Cyanobacteria; Purple bacteria
evolution, 840-841, 872-875
plants see Plant(s)
Photosynthetic reaction centers, 848, 849F, 854F
bacterial, 642, 642F
electron transfer, 849-850, B50F
photosystem Il complex, 642
redox potentials, B52F
Photosystemis), 848
antenna complex, 848, 848F

bacterial, 850F, 853, 854F
electron transfer see Photosynthetic electron
transport chain(s;
evolution, 853
light-harvesting complexes, 848, 848F
photosystem |, 851-8572, 852F, 853, 854F
photosystem Il, 851, 851F, 852F, 853, 854F
reaction centers see Photosynthetic reaction
centers
redox potentials, 852F, 853
structural relationships, 853
see also Chlaraphyll{s); Cytochromeis)
Phototrophs, 12
Phototropin, 961
Phototropism, 961
Phragmoplast, cytokinesis in higher piants,
1097-1098
Phylogenetic footprinting, 431, 431F
Phylogenetic tree(s), 16F, 247, 247F, 248
Physical gene mapping, 560, 560F
Phytochrome, 960-961, 961F
Pl see Phosphatidylinositol (P1}
Pl 3-kinase see Phosphatidylinositel 3'-kinase
(PI 3-kinase)
Pigment cells, fish, 1023-1024, 1024F
Fili, 149GF
Pilin protein, Neisseria, 1520
Pineal gland, circadian clock, 461
Pinocytosis, 787, 789-790, 789F
Pit fietds, 1162
PKC see Protein kinase C (PKC)
Placenta, 1379
Placodes, 1384F
Plague, bubonic, 1502, 1502F
Plakoglohin {y-catenin}, cadherin binding, 1142
Planar cell polarity, 1157-1158, 1157F, 1358, 1359F,
1360F
Plarit(s)
comparative anatomy, Ca vs Cq plants, 846-847,
847F

development see Plant development; Plant
development and growth
evolution, 36, 840-841
extracellular matrix, 1180, 1195
flowering, recent evolutionary origin, 36
as model organisms see Arabidopsis thaliana
{wall cress)
plasmodesmata, 1158, 1162-1163, 1163F
transgenic, 568-569, 569F, 570F
Plant cell(s), 846
bundle-sheath cells, 846
carbon fixation see Carbon fixation;
Photosynthesis
cell differentiation, genome preservation, 411,
413F
cel walls see Plant cell wall
centrosome Jack, 1081
culture, 504-505, 568
cytokinesis in, 1097-1098, 1097F, 1098F
development see Plant development and growth
division, 1195
evolutionary origin, 29
meascphyll cells, 846
microtubules, 1097-1098, 1200-1202, 1200F,
1201F
phatosynthetic organelles see Chloroplast(s)
plasticity, 5568
plastids, 841-842, 841F
totipotency, 568
transformation, 570F
turgor pressure, 1197
vacuoles see Plant vacuoles
Plant cell wall, 1195-1202
composition/structure, 1199F
cell type and, 1195-1197
cellulose, 1180, 1196, 1197-1198, 1197F,
1198F
cross-linking giycans, 1196, 1198, 1198F,
11997

lignin, 1195, 1196, 1199T
pectins, 1198, 1198F, 1199T
proteins, 1198, 11597

development and growth, 1195-1192, 1196F
actin filaments and, 1202
microtubules and, 1200-1202, 1200F
orientation of deposition, 1199-1200
primary cefl walls, 1195, 1197-1198, 1198F
secondary cell walls, 1795, 1196

functional rolgs Far:'d specialization, 1196-1197,
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compressicn resistance, 1196
tensile strength, 1196, 1197, 1189
plasmodesmata, 1162-1163, 1163F

Polar covalent bonds, 50, 51F
Palar ejection force, 1085, 1086F
Polarity/polarization, 1042

Polysaccharides, 56, 113F
biosynthesis, 85, 85F
cell macromolecules, 62F

Plant development and growth, 1398-1415,

Arabidopsis see Arabidopsis thafiana {wall cress)

cell signaling, 1409-1410

cell wall formation, 1196F see under Plant cell
wall

eqg (zygote), asymmetric division, 1400

embryogenesis, 1400, 1401F, 1403F

environmental influences, 1403

flower development, 1413-1414, 1413F, 1414F

harmonal signals, long-range, 957, 1403, 1406,

4

meristerns see Meristerm(s}

microtubules and, 1200-1202, 1201F

plant module grawth frem primordia,
1407-1408

regulatory mutations in maize, 1410-1412,
1411FF

cytoskeleton and, 969, 974-975, 1044, 1046
developmental, 1364
see also under Drosophila developrment
DNA strands, 3F
epithelia
apico-basal polarity mechanisms, 1155-1157,
1155F, 1156F
epiethial cells, 798, 799F, BO6F
planar cell polarity mechanisms, 1157-1158,
1157F
exocytosis cantrol, 805-806
kinetochore, 1075-1076, 1076F
mitotic spindle, 1077-1078, 1081-1082
neutrophil(s), 1045F, 1046F
Saccharomyces cerevisiae, 1044
T cell{s), 1047, 1573
tissues, 1155
Yeast budding, 830, 1044, 1045F

digastion, 88F, 164-165
Polyspermy, 1300
Polytene chromoscmels), 236-238
chromosome puffs, 220-222
Drosophila melanogaster, 38, 38F, 236-237,
236-238, 237FF
deconvolution micrascopy, S90F
gene expression, 220-222
histene madifications, 238F
insulator-binding, 413, 453F
microscopy, 590F
see aiso Chromasome structure
RNA synthesis, 239F
visualization, 236
see also Chromasome puffs
Pelyubiquitylation, 795
Polyvalent antigen(s), 1557
Pepl gene regulatory protein, 1325

Polar molecules, 52-53
Poleward flux, 1035, 1035F
Poliomyelitis, eradication by vaccination, 1498F
Poliovirus, 1496F, 1513-1514, 1515F
capsid, T49F
entry and uncoating, 1506F, 1507
host cell transcription shut-off, 1517
structure, 1489F
TFID cleavage, 1517
Pollen, 592F, 1269

repetitive patterning, 1408F
sequential, by meristems, 1403
sexual reproduction, haploid cells, 1270
shaping and by oriented cell division, 1406
signals for seedlings, 1399F, 1401, 1403
turgor pressure and, 1197, 1199
Plant hormones {growth regulators), 957, 1403,
1406, 1406F
Plant modules, 1407-1408
Piant vacuolies, 781-782, 781F, 782F
Plant viruses, plasmodesmata and, 1163 Polo-like kinases, 1074
Plasima cells (effector B cells}, 1543, 1544F, 1547, Pol proteins, translational frameshifting, 383, 384F
1552 Poly-A-binding protein, 357F
see also B cell(s) Polyacrylamide, 517
Plasmalogen(s), 721, 722F Polyacrylamide gel electrophoresis (PAGE), 517

Pop (plenty of pharynx) mutants, 1325
Perin{s), 144F, 635, 667, 707, 707F, 717, 717F
Porphyrin rings, heme groups, 830F, 831
Porphyromonas gingivalis, chronic iilness, 1500
Positional informaticn, imaginal discs, 1351
Pasitional value, 1312-1313, 1392-1393
Position effects, 221, 221F
Position effect variegation (PEV), 221, 221F
Positive feedback control, 901, 901F

cell asymmetry, 1314-1315

cell memary, 458, 458F, 465

conformational coupling, 171, 172F

epigenetics, 471, 472F

transcription circuits, 459, 459F
Positive selecticn, in thymus, 1585-1586, 1586F,

Plasma membrane(s), 9, 617
actin filament contact, 1009-1010, 1010F
actin filament nucleation, 996-998
damains, tight junctions, 1151
enlargement, regulated secretory pathway
(exocytosis), 805, BOGF
lipids see Lipid bilayer(s}
origin, 405-406, 407F, 4G8F
proteoglycans, 1183-1184
protrusion driven oy actin polymerization,
1037-1039
universality, 9-10
see also Membrane(s)
Plasmid(s}, 21, 540-541, 541FF, 1491-1492, 1491F,
1492F
Plasmin, 1194
Plasminogen, 1194

2D-PAGE, 414F, 521-522

DMA sequencing gels, 534, 535F
gel-mobility shift assay, 426-427, 428F
SDS-PAGE, 517, 518F, 637

staining, 517, 518F

Polyadenylation (mRNA 3" end), 346, 357-358, 357F

CPSF protein, 357-358, 357F

CstF protein, 357-358, 357F

cytoplasmic, 493

deadenylation-mediated mRNA decay, 492, 492F

messenger RNA 3" end, 357-358, 357F

nonretroviral transposons, 318T

nensense-mediated mRNA decay, 386

poly-A-binding pratein, 357F

poly-A polymerase, 357F, 358

post-transcriptional gene regulation, 370-371,
372F

1587F
Positive supercoiling, 344F, 345
Past-capillary venule, 1549, 1549F, 1551F
Postsynaptic potential (PSP), 689F
Post-transcriptional regulation, 477-499, 477F
alternative splicing, 479-480
immunoglobulin genes, 370, 482-483
m RNA polyadenylation, 370-371, 372F
RNA localization contrel, 379F, 415
RNA processing control, 379F, 415, 477-485
see also Splicing
RMA transpert control, 379F, 415, 485-4B86
translational see Translational contrei of gene
expression
Post-translational modification, 388F
collagens, 1186, 1187F
cavalent, 388F

Plasminogen activators, 1194
Plasmodesmata, 1158, 1162-1163, 1163F
Plasmodium falciparum, 1494-1495
antigenic variation, 1519
life cycle, 1495F, 1502
mitochondrial DNA, 859
time-dependent transcription, 1495F
transmission and vector, 1494-1495, 1501-1502
see also Malaria
Plastid(s), 696, B41-842
amyloplasts, 841, 841F
chloraplasts see Chloroplast(s)
development, 698, 699F, 841
diversity, 841F
etioplasts, 841
evelution, 699
genomes, 855-856

Poly-A polymerase, 357F, 358

Poly-A tails see Polyadenylation (mRNA 3’ end)

Polycistronic mRNA, 380

Polyclonal response, 1545

see afso lImmune response/system;

Immunoglobulin(s}

Polycomb group, 1344, 1345F

Polygenic traits, 563

Polyisoprenoid(s), 115F

Polymerase chain reaction (PCR), 544-546, 545F,
546F, 547F

see also Protein glycasylation; Protein
phosphorylation
elastin, 1190
function regulation, 186-187, 186T
ncncovalent, 388F
see alse specific modifications
Patassium channel{s) (K* channel)
bacterial, structure, 671-673, 672F
chioride channel vs, 674F
conductance, 671
gating, 672
leak channels, 669
selectivity filter, 673F
voltage-gated see Voltage-gated potassium
channel(s)
Potassium leak channels (K* leak channels), 669
POU-dorain, structure, 425F

Polymerases
DMA see DNA polymerase(s); DNA replication
RNA see RNA polymerase(s)
thermaophilic, 544
see afso DNA replication; specific enzymes
Polymerization reactions

growth and divisicn, 857-858
leucoplasts, 841
Plastocyanin, 852F
Plastoquinone, 852F
Platelet(s), 1102, 1102F, 1174
Platelet-derived growth factor (PDGF), 23T, 925F,

actin see Actin polymerization
DNA see DNA replication
energetics, 84~-87

head polymerization, 86, 87F, 373
tail polymerization, 86, 87F

see also Macromolecule(s)

Power stroke, of myosin, 1016

Poxviruses, 1496, 1496F

Pre-B cell, 1553

Precursor oligosaccharidels), 737, 737F, 747F
Preimmune antibody repertoire, 1562
Preinitiation complex, 1067

1102, 1441, 1450
Pleckstrin homology (PH) domain, 933
Plectin, 995F, 1005, 1006F
Ploidy variation, 38-39, 39F, 255, 1111, 1111F,
T112F

Polymorphism, MHC proteins, 1575, 1588
Polymorphonuclear leucocytes see Neutrophil(s)
Polynucleotides

Premature ageing, DNA repair defects, 295T
Pre-mRNA modifications

capping see 5' Capping of eucaryotic mRNA

DNA see DNA (deoxyribonucleic acid) hrnRNP packaging, 353F, 358

origin of life, 401 polyadenylation see Polyadenylation {mRNA

see alse RNA world hypothesis 3'end)

properties, 401 splicing see Splicing

RNA see RNA {ribonucleic acid) Pre-pro-protein(s), 803

see also Mucleic acid(s) Preraplication complex {pre-RC), 1067-1068, 1068F
Polypeptide backbone protein models, 132F Pre-replicative ORC complex, 288
Polypeptides see Protein(s) Pre-RNA world, origin of life, 402-403
Polyprotein(s), 803 Presenilin, 947
Polyribosome(s), 381-382, 382F, 728, 730 Presomitic mesoderm, 1371

see also Ribosome(s) Prickle cells, 1419, 1419F

Pluripotent hemopoietic stem cells, lymphocyte
origin, 1543

Plus end tracking proteins {+TIPs), microtubule
formation, 995F, 1004, 1004F

PNA (peptide nucleic acid), 402, 402F

Pretimocystis carinii, antigenic variation, 1519

Point mutations, 246

Point spread function, 590

Polar body, 1289, 1289F

Page numbers in boldface refer to a major text discussion of the entry; page numbers with an F refer to a figure, with an FF to figures that follow consecutively;
mace numheare with a T rafer tn a tahle v< means comnara/comnarisnn



1:38 INDEX

Primary antibodies, immunofluorescence
microscopy, 588
Primary antibody response, 1546F
see also Immune response/system,adaptive
Primary cell walls, 1195, 1197-1198, 1195F
Primary cilium, 899
Primary cultures, 504
Primary immune response, 1546, 1546
see giso Immune response/system, adaptive
Pritnary lymphoid organ see Central lymphoid
organ
Primary oocytes, 1288, 1289F
Primary pathogens, 1486-1487
Primer strand, DNA synthesis, 267F, 268F
Primordial follicle cells, 1291, 1291F
Primordial germ cells (PGCs), 1282-1286
migraticn into developing gonad, 1283, 1283F,
1285, 1288
pluripotency, 1283
specification by germ cell determinants, 1282,
1282F
specification by neighboring cells in mammals,
1282-1283
Primosome, 276, 282, 283F
Prion diseases, 397-398, 397F
Prion proteins {PrP), 1489, 1498-1499
cenformational change, 397F, 398
fungi, 398
infectivity, 397-398
misfolding/aggregation, 397-398
neural degeneration due 1o, 1498, 1499F
nermal cellular PrF, 397-398
positive cellular roles, 398
replication, 1498
structure and aggregation, 1498-1499
Procaryotes, 14
cells, 14-15, 14F, 15F
diversity, 15
DNA methylation see DNA methylation
gene expression, 345F
mRNA, 346F, 380, 381F, 488
repressors see Repressor protein(s)
transcription see under Transcription
transcripticnal centrol, eucaryotes vs,
434-436
protein synthesis, 345F, 380
strand-directed mismatch repair, 277
Translation initiation, 1527
see also Archaea (archaebacteria); Bacteria
Procaspase(s), 1118, 1119F, 1120F 1121, 1573F,
1574
Processing bodies (P-bodies), 494, 495F
Procollagen, 1186, 1187
Profitin, 996-1000, 999F, 1000F
Progenitor cells, 13B6F, 1456-1458
see also Stem cell(s)
Programmed cell death see Apoptosis
{programmed cell death)
Proinsulin, 157, 152F
Projection, retinotectal, 1391
Proline, 129F, 1187, 1187F
Prometaphase, 1072F, 1080, 1086
Promiscuous recombination, 315-316
Promoter elements, 336, 338-33%
asymmetry, 339, 339k
bacterial, 37F, 336-337, 338-339, 338F
eucaryotic, 440
CG (CpQ) islands, 434, 470-471
Consensus sequences, 339
transcriptional integration, 449-450, 450F
Promaoters, inducible, 564
Pronuclei fusion, 1301, 1301F, 1302F
Proofreading by DNA polymerase, 269-270, 270FF
see also Mismatch repair
Procpicmelanocortin, proteolytic processing, 803F
Pro-peptide(s), 803
Prophase
meiosis, 1091-1092, 1274, 1275-1276, 1276F
mitasis, 1054, 1072F, 1078-1079, 1080
see glso Mitotic spindle
Proplastids, 698, 841
Prospero protein, 1361
Protease(s), 1183, 1194, 1194F
see also Proteasome(s)
Protease inhibitors, regulation, 1183
Proteasorne(s), 391-394, 392F
antigen processing/presentation, 1582, 1583F
misfolded protein degradation, 740F
processivity of proteolysis, 392, 392F
protein quality control, 391-393, 767

structure, 392-393, 392F
see aiso Ubiquitin pathway
Protein(s), 125-194
abundance in cells, 62F
aggregation see Protein aggregation
allosteric, 171, 172-173
see aiso Allosteric regulation
analysis methods see Protein analysis
assemblies see Protein complexes (assemblies)
basic principles, 5
hinding site(s), 142, 153-157
see glso Active site; Protein complexes
{assemblies)
as catalysts, 5-6, 6F
see also Enzymels)
chemical synthesis, 548
classification, 138-139
conformational changes see Confarmational
changes
crystals, 528, 528F
degradation see Protealysis
denaturation, 130,517
DNA interaction see Protein-DNA interactions
evolution see Protein evolution
families see Protein families
fibrous, 145-146
see also specific types
folding see Protein felding
functions see Protein functicn
gene regulation by see Gene regulatory
proteinis)
GFP tagging for visualization in living cells,
592-593, 594F
globular, 143, 145
glycosylation see Protein glycosylation
identification see Pratein identification
as machines see Protein machines
macromolecular subunits, 148
modules, 136, 136F, 140-141, 140F
phospharylation, 175, 187
see also Protein structure.domains
motor see Motor protein(s)
movements (shape changes), 179-181, 181F
nonprotein components, 166-167
phosphorylation see Protein phosphorylation
protein interaction see Protein-protein
interactions
guality control, 390-391, 391F
sequencing see under Protein analysis
shape/size, 131
see afso Protein structure
sorting see Protein sorting
stability, 137, 147F
structure see Protein structure
subunits, 141F, 142-143, 142F, 143F, 148
see also Protein complexes; Protein—protein
interactions
synthesis see Protein synthesis
transtocation see Protein transport
Pratein aggregation
CNS vulnerahility, 397
human disease, 397-398, 397F
proteolytic resistance, 397
state, epigenetics, 472F
see also Prion diseases
Protein analysis
chromatography, 512-514, 513F, 514F, 515F
dynamics, visualization by GFP tagging, 593,
594F

electrophoresis, S18FF
2D-PAGE, 521-522,521-522, 521F, 522FF
isoelectric focusing, 522F
Western blotting, 518, 519F
hydrodynamic measurements, 522-523
mass spectrometry, 519-521, 520F
protein—protein interactions, 523-524, 524F,
525-526, 525F
proteomics, 519
sequencing
homology searches, 139, 139F
ligand-binding site identification, 155
mass spectrometry, 519-521
sequence alignment, 331, 531F
see also DNA sequencing
structure determination, 139, 517-532
NMR studies, 139, 529-530
nuciear magnetic resonange, 139
SDS-PAGE, 517
X-ray diffraction, 139, 527-529, 528F
see also Microscopy; Protein identification;

Protein purification
Protein-coding RNA, transcription, RNA pol I, 340T
Protein complexes (assemblies), 142-143, 145F

assembly, 148-152
assembly factors, 151
dimers, 142, 142F
phosphorylation effects, 175
ribosomes, 149
self-assembly, 149-151
viruses, 148, 148F, 149
cocperativity, 172-173, 173F
see also Allosteric regulation
aucaryotic gene-regulatory proteins complexes,
447, 447FF
pretein-to-protein binding, 141F, 142-143, 143F
see also Protein machines; Protein-protein
interactions
Protein databases, 139, 139F
Protein disuffide isomerase (PDI}, 736
Protein-DNA interactions, 144F
binding site pradiction, 426
common interactions, 426, 427
DNA structure effects, 416-417
see also DNA structure
enhancesome, 447, 447F
gene regulatery proteins, 416417, 417F,
418-419, 419F
histones, 212-213
Rad51 protein, 307F
RecA protein, 307F
replication initiation, 282
RNA polymerases, structural changes and,
336-337, 338
see also DNA-binding motifs; DNA-binding
proteins
Protein evolution, 136-142
amino acid changes, 137, 264, 265
domain fusion, 560F
domain shuffling, 140-147, 140F, 257, 257F
facilitated by introns and splicing, 257, 348
madules, 140-141, 257
see also immunoglobulin superfamily
mutation rates, 264
protein families, 137-139, 155-156
see also Gene families
sequence homology, 138, 138F, 139, 155-156
unit avolutionary time, 265
Protein expression vectors, 546, 548, 548FF
Protein families, 137-139
evolutionary tracing, 155-156, 155F
sequance homology, 138, 138F, 139, 139F
structural resemblance vs sequence
resemblance, 138-139, 138F
see also Gene families; specific types
Protein folding, 126, 387-390, 1498-1499
abnormal, 321, 391F, 397-3938
see also Prion proteins (PrP); Proteolysis
amino acid side-chain role, 130, 130F
binding site creation, 154F
calreticulin and calnexin, 738-739
chaperones, 388-390, 390F, 738-739, 739F, 767
see also Chaperones
constraints, 126
co-translatioral, 387-388, 388F
energetics, 130-131
ER, 736
ERpS7 role, 739F
glucosyl transferase role, 739, 739F
misfclded proteins, 739-741, 740F
malten globule, 387-388, 388F
monitoring, 738-739
N-linked glycosylation role, 737F, 747F
noncovalent interactions, 64, 64F, 126-127, 130F
pathways, 388F
prion proteins, 1498-1499
see also Prion proteins {PiP)
quality controi, 390-391, 391F, 767-768
refolding, 131, 131F, 391, 397F
see also Chaperones
relation to synthesis, 387
Protein function, 152-196
enzymes see Enzyme(s)
phosphorylation effects see Protein
phosphorylation
protein-ligand binding see Protein-{igand
interactions
structure-function relationship, 154-155
Protein glycosylation, 388F, 736-738, 737F, 747F
see also Endoplasmic reticulum (ER}
Protein identification, 519-532
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mass spectrometry, 519-521

see also Protein analysis; Protein purification
Protein interaction maps, 188-190, 189F, 190F
Protein kinase(s}), 176-178, 895

Cdk inactivation, 1063-1064, 1064F, 1066T

evolution, 176, 177F

regulation, “microchips,” 177-178, 177F, 179F

sequence homology, 176, 177F

structure, 141, 176F

tyrosine kinases see Tyrosine kinase(s)

see also individual enzymes
Protein kinase B (Akt; PKB), 934, 1244
Protein kinase C (PKC), 185, 626, 911
Protein-ligand interactions, 153

amino acid side-chains, 154-155, 154F 155F

antigen-antibody see Antigen-antibody binding

hinding sites, 153, 153F, 154F, 155F
binding strength, 157-158
see also Equilibrium constant (K)
cooperativity, 172-173, 173F
see also Allosteric regulation
enzyme-substrate see Enzyme-substrate
interactions
linkage, 171-172, 172FF
noncovalent interactions, 153, 153F, 154, 154F,
155F
regulation, 169-170
allostery see Allosteric regulation
specificity, 153
water exclusion, 154
see also Protein—DNA interactions;
Protein-protein interactions
Protein machines, 184-186
activation, 185-186
gene minimization, 184-185
interchangeable parts, 184-185
position in cell, 185-186, 186F
scaffold proteins, 184-185, 185-186
structure, 184
see also Protein complexes (assemblies}
Protein microarrays, 188
Protein modules, 140-141, 175-176
Protein motifs, DNA-binding motifs see DNA-
binding motifs {proteins)
‘Protein-only inheritance, yeast, 398, 398F
Protein phosphatase(s), 176-177, 176F, 895

Cdk activation, 1063, 1063F, 1066T, 1074-1075

5'mRNA capping, 347F, 3446

Protein structure, 59-60, 125-152

amino acid sequence, 125-137
see glso Amino acid(s)
analysis, 139
components, 126F
cemputational analysis, 139, 139F
conformation, 130-131, 154-155, 154F, 155F
see also Allosteric regulation; Conformational
changes
core structure, 131, 135, 135F
C-terminus, 59, 126F, 482-483
depicting, $32~133FF, 144F
determination, 139, 517-532
SDS-PAGE, 517
X-ray diffraction, 139, 527-529, 528F
darnains, 131, 136, 348
3-D medels, 131, 132-133FF, 137F
evolutionary tracing, 155-156, 155F, 257F
fusion, S560F
large kinase domain, 136F
modules, 140-141, 140F
paired, 141
SH2 domain, 131, 132-133FF, 136F, 155, 156
SH3 domain, 136F
helical filaments, 143, 144F, 145, 145F
actin, 145F
see also Actin/actin filaments
assembly, 145F
electron microscopy, 610F
handedness, 143
limited fold numbers, 136-137
membrane spanning regions, 135
noncovalent farces, 126-127
N-terminus, 59, 126F
polypeptide backbone, 125
primary structure, 136
coding, 199-200, 199F, 200F
see also Genetic code
prediction, 550-551
guaternary structure, 136
secondary structure, 136
o helix, 131, 134F, 135, 135F
B sheets, 131, 134F, 135, 135F, 422, 423F
stabitity, 137, 147-148, 147F
structure-function relaticnship, 154-155
subunits, 140F, 141F, 142-143, 143F
tertiary structure, 136
unstructured polypeptide chains, 146-147
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chloroplasts see Chloroplast(s), protein import
endoplasmic reticulum see Endoplasmic
reticulum (ER), protein transport
gated, 700, 701F
general flow, 701F
mitochondria see Mitochondrial protein import
nucleus see Nuclear-cytoplasmic transport
between organelles, 699-701
peroxisomes see Peroxisome(s), protein import
signal hypothesis, 726-727, 727F, 728F
studies, 703F
through secretory pathway, 749-787
see also Protein sorting; Transmembrane
proteinis); Vesicular transport
Pratein tyrosine kinases see Tyresine kinase(s)
Protein tyrosine phosphatases (PTPs), 938-939
Proteaglycan(s), 1184T
aggregates, 1182, 1182F, 1183F
assembly/synthesis, 775-776, 1181, 1181F
basal lamina, 1165
cell surface co-receptors, 1183-1184
conmective tissues, 1179, 1181-1182
membrane proteins, 636
as molecular sieves, 1182-1183
protein regulation by, 1182-1183
sizes, 1181-1182, 1181F
see also specific types
Proteolysis, 391
apoptosis (programmed cell death), caspases see
Caspase(s)
cell cycle control, 1064
degradation signals, 396F
insulin, 151, 152F
protein aggregate resistance, 397
requlated destruction, 395-396, 396F
regulatory function, 395~396
see also Proteasome(s); Ubiquitin pathway
Proteamics, 188
Protists, 32-34, 33F
Protacadherins, 1136, 1138T
Protofilament, 971-972, 972F
Proton see Hydrogen ion (H*, proton)
Proton gradients see Electrochemical proton
gradients
Proton-motive force, 821, 821F, 853-854
Proton pumps, 827-828, 829F
allostery, 836
atomic detail, 835

protein tyrosine phosphatases (PTPs), 938-939
Protein phosphorylation, 175-178
ATP as phosphate donor, 84F

see also Peptide bonds; Protein folding
Protein structure—function relationship, 154-155
Protein synthesis, 85, 85F, 366-400

bacteriorhodopsin, 640-642
evolution, 871
general mechan/sm, 837F

energetics, 177
enzymes involved, 176, 176F
see also Protein kinase(s); Protein

phosphatase(s)

functional effects, 175-176, 186-187, 187F

gene regulatory proteins, 450, 451F

GTP-GDP exchange as alternative to
phosphorylation, 178-179

GTP-mediated see GTP-binding proteins
{GTPases)

phosphorylation cycles, 177

phosphorylation site as recognition signal for
protein binding, 175-176

Rb protein regulation, 1104

Protein-protein interactions, 187-190

analysis methods, 523-527

dimerization, 142

interface types, 156, 156F

map construction, 188-190, 524

optical methods, 524-526

quaternary structure, 136

$H2 demains see SH2 domain (Src homology 2
domain)

single molecules, 526-527

subunits, 140F, 141F, 142-143, 148F

Protein purification

chromatography, 512-514, 515F, 535F

electrophoresis, 517, 518FF, 521-522, 522FF

Western blotting, 519F

see afso Protein analysis; Recombinant proteins

Protein sorting
apical domain, B06-807
basolateral domain, 807
endosomes, 807F
glycesphingolipids, 807
lipid rafts, 807
signals, 699, 701-702, 701F, 702T, 703F
trans Golgi network, 807F
Protein stains, Coomassie blue, 517, 518F

elongation cycle, 373, 373F, 376F, 377F
elongation factors, 179-180, 377-378, 377F
peptidyl transferase, 376, 379, 379F
steps, 375-376, 376F
ER and see under Endoplasmic reticulum {ER)
eucaryotic, 345F, 380, 380F, 39%F
evolution, 407-408
experimental analysis, cell-free systems, 512
inhibitors, 384, 385T
see also Antibiotics
initiation, 379-380, 380F
levels of regulation, 399
location see Ribosomet(s)
peptide bond formation, 59, 60F, 125, 373F
post-translational alterations see Post-
translational modificaticn
procaryotic, 345F, 380
reading frames, 368, 368F
rejation to DNA see Gene expression; Genetic
code; Messenger RNA
termination, 381, 381F
see also Protein folding; Translation

Pratein tags

affinity chrematography, 515F

cleavable, 515

GST, 514-515, 516F

histidine tag, 548

see also Affinity chromatography; Epitope
tagging

Protein translocation, 703F

across chloroplast membranes, 719-720
see also Chloroplastis),protein import
acrass mitochondrial membranes, 713-718
see also Mitochondrial protein import
in endoplasmic reticulum see Endoplasmic
reticulum {ER)

Protein translocators, 214-715
Protein transport

across membranes, 695-748

lysosomes, 780, 780F
photosynthesis, 851, 854
redox potentials, 835, 835F
see aiso Respiratory enzyme complexes
Proto-oncogenes, 1231, 1237, 1237F
Protozoa, 28F, 32-33
as parasitas, 1494-1495, 1508-1511
Protrusion, in cell movement, of actin meshwork at
leading edge, 1035F
Prox1 protein, 1448
P-selectin, 1145-1146
Pseudogenes, 248, 255, 257
Pseudoknot, RNA structure, 403F
Pseudomonas aeruginesa, 1491
Pseudopediz, 1037
Pseudouridine, transfer RNA modification, 368F
F-site (ribosome binding), 375F, 376
Psychoactive drugs, 686, 620
FTB domain {phosphotyresine-binding demain),
898, 899F, 925
PTEN phosphatase {tumor suppresscr), 933
P-type pumps {ATPases), 659, 660F
see also Calcium pump; Sodium-potassium
pump (ATPase)
Puberty, 1288-1289, 1292, 1293
Puffer fish (Fugu rubripes), 30, 31F, 251F
Pulse-chase experiments, 602, 602F
Pulsed-field gel electrophoresis, 534
Pumma, apoptosis, 1123
Pumps see Carrier protein{s)
Pupa, Drosophila, 1329
Purifying selection, 247
Purine base(s), 61, 116F
depurination, 296, 297F
see also Adenine; Guanine
Purkinje cell, intracellular calcium, 597F
Puromycin, 384, 385T
Purple bacteria
mitcchendrial evolutian, role, 860
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photosynthetic reaction centers, 827F, 850, 850F,

854F

Pus, 1531
Pyranosyl-RNA (p-RNA), 402F
Pyrimidine base(s}, 61, 116F

see afso Cytosine; Thymine; Uracil
Pyrophosphate release, DNA synthesis, 268F
Pyruvate

anaerobic breakdown, 89-90, 90F

citric acid cydle, 122F

glycolysis, B8, 89F, 121F

oxidation to acetyl CoA, 96, 96F

transport, 822
Pyruvate carboxylase, biotin use, 84F
Pyruvate decarboxylase, 96F
Pyruvate dehydrogenase complex, 96, 96F
Pyruvate kinase, 121F

Q

Q-cycle, 835-836

Quantitative reverse transcripiase polymerase
chain reaction (RT-PCR), 573-574,
573F

Quantum dots, 587, 588F

Quaternary structure, 136

Quinone(s), 832F, 835, 851, 852F

Rab5, 762, 762F
Rab effector{s), 761, 761F
Rab GTPase(s), 760-761, 761, 761T
Rabies virus, 1496F, 1517, 1518
receptor, 1505
Rac GTPase(s), 931
activation, microtubules role, 1043
effect on actin organization, 1042F, 1046-1047
epithelial apico-basal polarity, 1155F, 1156
growth cone steering, 1387
Rad51 protein, 307F
see also RecA protein
Rad52 protein, 308, 308F
Radiation, DNA effects, 300-301
see also Ultraviolet (UV) radiation
Radiofrequency, NMR, 529
Radioisotopes, 600-601, 6017
applications, 534, 602, 602-603, 602F, 603F
see also Autoradiography
measurement, 601
Radiolabeling, 534, 602-603, 603F
Radixin, 1009
Raf kinase (MAP-kinase-kinase-kinase}, 929, 929F,
1239
RAG protein, 1563, 1564, 1564F, 1600
Ramachandran plot, peptide bond angles, 127F
Random mutagenesis, gene expression analysis,
553,556
Ran-GAP, 708
Ran-GEF, 708
Ran-GTP, 711
Ran GTPase(s)
compartmentalization, 709F
mitatic spindle formation, 1081
nuclear transport, 708-709, 709F, 710F
Ran-GTPase-activating protein (Ran-GAP), 708
Ran-guanine exchange factor (Ran-GEF), 708
Ras gene, 1107, 1233-1234, 1241, 1242, 1242F
Ras GTPase(s), 179, 180F, 926-927, 936F
activation of MAP-kinase pathway, 925F
activation of Pl 3-kinase, 334
active and inactive forms, 181F
mitogen activation, 1103
mutated in cancers, 1107, 1233-1234, 1241
normal Ras proteins, 1234
as oncogene, 1107
regulation, GEFs, 927, 928F
structure, 180F
Ras guanine nucleotide exchange factor {Ras GEF),
927, 928F

Ras-MAP-kinase signaling pathway, 928-930, 929F,

1103, 1176
Rb (retinoblastoma) gene/protein
cancer, 1104-1105, 1234, 1235
cell cycle control, 1103-1105, 1104f, 1244F
knock-out in mice, 1242
regulation by phosphorylation, 1104
ways of losing, 1236F

Reacticn coupling, 75F, 78F, 824-825
activated carrier formaticn, 76-80
ATP role, 81
glycolysis, 91
mechanical model, 80F
see also Free energy
Reading frames
open see Open reading frames (ORFs)
protein synthesis, 368, 368F
RecA protein
homologous recombination, 306-307, 307F
synapsis, 307-308, 307F
homologs, 307-308, 307F, 308F
Brcal/Brac? proteins, 310
protein-DNA interacticns, 307F
Receptor(s}
cell-surface see Cell-surface receptor(s}
down-regulation, 795
editing, 1548, 1548F, 1565, 1565
see also Immunclogical talerance
intracellular, 881, 881F
see also Nuclear hormane receptor{s)
ligand-gated ion channels see Ligand-gated ion
channei(s}
see also Receptor-mediated endocytosis; specific
types
Receptor guanylyl cyclases, 922
Receptor-like tyrasine phosphatase, 922
see also Protein tyrosine phosphatases (PTPs)
Receptor-mediated endocytosis, 784, 791-799
EGF uptake, 794
extracellular macromolecule import, 791-792,

iron uptake, 794
material degradation, 793F
membrane protein sorting, 794F
receptor recycling, 792-794, 763F
signal peptides, 792
transcytosis, 793F, 797-798, 797F
Receptor proteins see Receptor(s)
Receptor serine kinase family, evolution, 177F
Receptor tyrosine kinases (RTK), 922-924, 923F,
923T, 924FF, 925, 925F
animal development, 131&F
docking with SH2-domain proteins, 924-925,
924F, 925F
Ras pathway activation, 926-930, 928F, 929FF
Recessive mutation(s), 558
Reclinomanas, 862
Recombinant DNA technology, 532-553
basic principles, 532
DNA cloning see DNA cloning
DNA labeling, 534, 536F
see gisc DNA probe(s)
ONA libraries, 540-542, 541-542, 542F 543F
DNA micrcarrays, 537
DMNA sequencing see DNA sequencing
electrophoresis see Electrophoresis
historical aspects, 532, 533T
human replication origin identification, 288
see giso Human genome
nucleic acid hybridization, 532, 537F, 538F, 539F
in situ hybridization, 532
PCR, 544-546, 545F, 546F
protein preduction see Recombinant proteins
reporter genes see Reporter genels)
restriction enzymes, 532, 532-533, 534F
RMNA production, 546
site-specific recombination applications,
325-326
transgenic organisms see Transgenic organism(s)
see also Genetic engineering; Recombinant
proteins; specific technigques
Recombinant proteins
applications, 546, 548
expression vectors, 546, 548F
protein tags, 514-516, 548
see also Protein purification

Recornbination, 263, 305F, 554F

antibody chains, 1564-1565

DNA repair role, homologous end-joining (DSB
repair), 303

general (hemologous) see Hemologous
recombination (cressing-over)

genetic engineering see Recombinant DNA
technoiogy

meiotic see Homolegous recombination
{crossing-over); Meiosis

promiscuous, 315-316

site-specific see Site-specific recombination

Recombination complex, 1280
Recombination signal sequences, V(D)) joining,
1564F
Red blood cell(s} see Erythrocyte(s)
Redox pairs, 828
Redox potential(s), 828-829, 830F
corncentration changes, 830
AG calculation, 830
electron transfer, 829, 831, 835, 835F, 852F, 853
measurement, 830, 830F
standard, 830T
Reduction—oxidation (redlox) reactions, 828-829,
a31
Reduction reactions, 71-72, 71F, 828
Redundancy, genetic, 39
Refractory period, £. cofi replication, 282, 284F
Regeneration
basal lamina and, 1168-1169, 1168F
intercalary, 1354, 1354F
optic nerve, in frog, 1391
skeletal muscle, 1463-1467
Regulated secretory pathway {exocytasis), 800,
801F, 804
localization, 804, 804F
plasma membrane enlargement, 805, 806F
see also Exocytosis
Regulation by multisite modifications, 186-187,
187F

Regulatory cascades, 170, 482-483, 432F
Regulatory DNA, 7-8, 206
eve gene modular organization, 1340F
patterning of Drosophila embiryo, 1332
programming of development and, 1309, 1309F
as speciality of eucaryotes, 31-32
Regulatory myosin light chain (RMLC), Rho-
mediated phosphorylation, 1095
Regulatary T cell(s), 1543-1544, 1569-1570,
1574-1575
Release factors (translational), 381, 381F, 382F
Remodeling, of synaptic connections, 1393
Reoviruses, host defences, 1535
“Repair factories,” homologous recombination, 310,

Repeat-induced recombination, prevention, 315F
Repetitive DNA,
centromeric sequences, 210-211
genetic markers, VNTRs, 547F
human genome, 207F, 323F
mulktiplication in genome, 323F
repeat-induced recombination, 315F
RNA pol 1| CTD), 346
short tandem repeats, hypervariable
microsatellites, 547F
telomeric sequences, 210, 292
see also Transposon(s); specific types
Replication errors, 269, 271-272, 276-277
see also Mismatch repair
Replication fork, 266, 267-268, 269F
arrangement, 276F
asymmetry, 266, 268
bacterial, 266, 276-277, 282
conperativity, 275-276
DNA microarray analysis, 285, 286F
eucaryotic, 280, 1067
chromatin assembly factors (CAFs), 290
DNA damage response, 1105
experimental analysis, 2684F
histone association, 290
marmmalian, 281F, 283-284
movement rate, 284
nucleosome assembly, 289-290
nucleosome interaction, 280
initiation, 282, 282F
see also Replication origin(s)
lagging strand synthesis, 267-268, 269F, 272,
272F, 276F, 281F
leading strand synthesis, 268, 269F, 276F, 281F
strand separation, 273
see also DNA helicase(s); DNA topoiscmerases
structure, 268, 269F
template strand, 200, 200F, 201F, 266, 266F
see also DNA replication
Replication origin(s), 282F, 1067
bacterial, 282, 283FF
hemimethylation, 282, 284F
chromosomal, 209, 210F
DNA sequences, 210, 281, 286, 287F, 288
DNA synthesis, 281-282
eucaryotic, 283, 2B5F
human, 288
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origin recognition complex {ORC), 287, 288F
replication units, 283-284
5. cerevisiae, 286, 287F, 2B8F
licensing, 1067
prereplication complex {pre-RC) binding, 1067
Replication units, eucaryotic replication origins,
283-284
Replicative cell senescence, 293, 505, 1059, 1107,
1217
Reporter gene{s)
gene expression analysls, 572-573, 572F
GFP see Green fluorescent protein (GFP)
LacZ, 442F
Repressor protein(s)
discovery, 416
DNA-binding, 418T, 420F, 421F, 423F
eucaryolic, 445, 445, 445-447, 447F, 447FF
mechanisms, 433-434, 434F, 436F, 445, 446F
procaryotic
Cro repressor see Cro repressor
lac repressor see Lac repressor
lambda repressor see Lambda repressor
Met repressor, 423F
operator binding, 434-434, 434F
tryptophan repressar see Tryptophan
Tepressor
translational repressors, 488, 490F
Reproductive cloning, 507, 507F, 1302-1303, 1303F
Dolly the sheep, 1287
Reproductive hormones, effect on cancer
incidence, 1229
see afso specific hormones
Rescue, in dynamic instability, 980, 981F, 1080
Respiration
evolutionary aspects, 874-875
oxidation of organic molecules, 70
relation to photosynthesis, 70, 70F
Respiratory burst, phagocytosis, 1532
Respiratory chain see Electron transport chain(s)
Respiratory control, 837-838
Respiratory enzyme complexes, 819-820, 831-839
cytochrome b-¢i complex, 832, 833F, 835-836,
836F
cytochrome oxidase complex, 832-834, 833F,
834, 834F
energetics, B19, 819F, B35, 835F
see glso Proton pumps
identification, 831-832
localization, 831-832, 833F
see also Mitochondrial structure
NADH dehydrogenase complex, 832, 833F, 836
Respiratory epithelium, 1435, 1435F
colonization, 1502, 1503
function, 1502
mucus, as host defense mechanism, 1502, 1525
Restriction enzymes
biological function, 532-533
recombinant DNA technology, 532, 532-533,
534F, 540-541
sequence specificity, 533
Restriction-modification systems, 532
Restriction (start) point of cell cycle, 1055, 1061,
1066, 1105
Retina
gap junctions, 1162, 1162F
histalogy and cell renewal, 1432-1433
neuronal specificity and retinotectal map,
1392-1393, 1393F
structure, 1432-1433, 1432F
Retinal, 166, 166F, 640, 1432
Retinal gangtion cells, 1391, 1432
Retinoblastoma, 1104, 1234-1235, 1235F
Retinoblastoma gene/protein see Rb
{retinoblastoma) gene/protein
Retinoic acid, 889F, 890, 1285
Retinoic acid receptor, 891F
Retinotectal map, refinement, 1393-1395, 1394F
Retinotectal projection, 1391, 1393F
Retromers, 755-756, 756, 756F
Retrotranslocation, misfolded proteins, 391,
739-740, 740F
Retrotransposons, 3187, 323
see also Retroviral-like retrotransposons
Retroviral-like retrotransposons, 317, 3187, 320,
322F
human genome, 207F
LTRs, 318T
reverse transcriptase, 3187
see also Retroviruses
Retroviruses

Gag proteins, translational frameshifting, 383,

genome, 321F
genome integration, 321F
see also Transposition
HIV see HIV {(human immunodeficiency virus)
integrase see Integrase
life cycle, 321F
mutation rate, 1450
oncogenesis, 1232
Pol proteins, translational frameshifting, 383,
384F
reverse transcriptase see Reverse transcriptases
translational frameshifting, 383, 384F
see also Retroviral-like retrotransposons
Reverse electron flow, 838, 872, 873F
Reverse genetics see Genetics,reverse
Reverse transcriptases, 264F, 292
applications, cDNA cloning, 542, 543F
retrotransposons, 318T
structure, HIV, 321F
see also Telomerase
Reverse two-hybrid system, 524
Rev protein, HIV mRNA transport, 485-486, 485F,
486F

Rev responsive element (RRE), 485, 485F, 436F
RGD motif, integrin-fibronectin binding, 1193
R-gene product, 1522, 1523F
RhoA GTPase(s), 1094-1095, 1095F, 1177
RhoC gene, in metastasis, 1249
Rhodamine, 586-587
Rhodopsin, 918, 918F, 1432
binding to dynein, 1022
ER membrane integration, 735F
retinal binding, 166, 166F
RhoGEF, 1095
Rho GTPase(s)
actin organization, 1041-1043, 1042F,
1043-1045
growth cone steering, 1387
monomeric, 931, 1042-1043
RhoA see RhoA GTPase(s)
Rhombomeres, 1345
Ribbon protein models, 132F, 137F
Ribonuclease, size, 1182F
Ribonucleic acid see RNA {ribonucleic acid)
Ribose, 112F, 116F, 332, 332F
Ribosomal proteins, 373
bacterial, 378F, 379F
ribosomal location, 378-379, 379F
translational control, 488
Ribosomal RMA (rRNAJ, 6-7, 6-7, 373
bacterial, 378F, 379F
eucaryotic, 360-361, 361F
functions, 336T, 378
genes, 360-361, 361F, 363, 863, 1290
modifications, 361, 361F, 362F
processing, 360-361, 361F, 362F
see also SnoRNAs
synthesis, 360-361
see also ANA polymerase [; RNA polymerase [l
transcription, 334F, 335-336, 340T
Ribosome(s), 6-7, BF, 374F
assembly, 438
bacterial, 149-151
eucaryotic, 362-363, 364F, 374-375
see also Nucleolus
bacterial, 149-151, 378F, 379F
antibiotic binding, 384, 384F, 385T
eucaryotic vs, 374F
composition see Ribasomal proteins; Ribosomal
RN

efficiency, 375
electron microscopy single-particle
reconstruction, 612F
eucaryotic, 360-361, 362-363, 374F
free, 728, 729F
hydrophobic interactions, 381
internal ribosome entry site {IRES), 491
leaky scanning, 490
membrane-bound, 728, 729F
polyribosomes (polysomes) see Polyribosome(s)
protein synthesis, 373-376, 488
see gfso Protein synthesis; Translation
ribozyme activity, 378-379
rough ER, 724-725
structure, 373, 374-375, 374F, 378-379, 378F,
379F
binding-sites, 375-376, 375F
catalytic site, 378-379

1:41

large subunit, 375
protein location, 378379, 379F
RNA location, 378, 378F
small subunit, 375
Ribosome recycling factor, 381F
Riboswitches, 478-479, 478F, 48GF
Ribozymes, 378-379, 404FF, 406F
allostery, 406F
conformational changes, 404, 406F
protein catalysts vs, 404
ribosomes, 378-379
ribozyme-catalysed reactions, 405T
RNA folding, 404, 404F
synthetic, 404F, 408
see also Catalytic RNA
Ribulose, 112F
Ribulose bisphosphate carboxylase, 844, 844F, 846
Rickettsia prowazekii, genome size, 18T
Rickettsia rickettsia, actin-based movement,
1515-1516
Rifamycin, 385T
Rigor state, of myosin, 1019
RISC (RNA-induced silencing complex), 494, 494F
RITS {(RNA-induced transcriptional silencing
complex), 496
River blindness, 1518
RNA (ribonucleic acid), 4-8, 62F
biosynthesis, 85, 85F, 86, 87F
cellutar types, 336T
mRNA see Messenger RNA
noncoding, 360-361, 362F
see also specific types
composition, 335-336
degradation, 379F, 415, 485, 492-493, 455
double-stranded (dsRNA), 1535
editing see RNA editing
evolutionary significance, 300, 408, 408F
see afso RNA world hypothesis
genetic material, 300
information transfer, 331, 331F
see afso Transcription
localization, gene expression requlation, 379F,
415, 486-488
malecular conformation, 4-5, 5F, 7F
processing see RNA processing {eucaryotic)
recombinant DNA technology, 546, 548
in site hybridization, 585, 586F
splicing see Splicing
structure see ANA structure
synthesis, 335-336, 408
autoradiography, 602
error frequency, 270
polytene chromosomels), 239F
sea also Transcription
RMNA cleavage regulation, 439-441
RNA-DNA hybrids, 338, 536-537, 538F
RNA editing, 483
evolutionary significance, 483-484
gene expression regulation, 483-485
mammalian mRNA, 484
rRNA processing, 361, 381F, 362F
transfer RNA, 368F, 369, 369F
trypanosome mitochondrial mRNA, 483, 484F
see aiso Guide RNAs
RNA endonuclease, 492, 492F
“RNA factory” concept, RNA polymerase |1, 346,
347F

RNA-induced silencing complex (RISC), 494, 494F
RNA-induced transcriptional silencing complex
(RITS), 496
RNA interference (RNAI), 495-497, 571-572
Caenarhabditis efegans, 571, 571F
chromatin remodeling, 443
Dicer protein, 496
Drosophila, 571
experimental applications, 497, 564F
in hurman disease, 497
mechanism of action, 571
reverse genetics, 572
technique, 571-572
transposable element reduction, 496
tumor cell identification, 1240
viral dsRNA-directed ssRNA destruction, 1535
RNA-like palymers, origin of life, 402, 402F
RMA polymerase{s}, 334, 334F, 335F
bacterial, 336-337, 337F, 438F
RNA pol H vs,, 339-340, 340F
sigma factors, 336, 439, 439T
structure, 337F
transcription cycle, 337F
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transcription regulation, 438-439, 439T, 440
chromatin remodeling, 433
DNA polymerases vs, 334, 335
DNA repair coupling, 299-300
elongation factor association, 343-344
energetics, 337
eucaryotic, 339-340, 340T
chramatin effects, 343, 343F, 344
functions, 339, 340T
RNA polymerase |, 339, 340T
RNA polymerase I, 339, 3407
RNA polymerase [ll, 339, 340T
transcription regulation, 440
see also Transcription factors,general (TFIl)
evolution of, 335F
fidelity, 270, 334-335
nuclecside triphosphate substrates, 334
orientation, 339, 339F
promaoter binding, 337
proofreading, 334-335
protein-DNA interaction, structural changes
coupled to DNA-binding, 336-337,
338
reaction mechanism, 334
structure, 334F
superhelical tension generation, 344-345, 345F
see aiso individual enzymes
RNA polymerase |, 339, 340T, 360, 363
RNA polymerase I, 339, 340T
general transcription factors, 340-342
see afso Transcription factors,general {TFIl}
processivity, 357-358
"RNA factory” concept, 346, 347F
structure, 340F
bacterial polymerase vs, 339-340, 340fF
C-terminal domain (CTD), 341, 346
transcription initiation, 341-342, 341F, 343F
chromatin-modifying proteins, 343
transcriptional activators, 342-343, 343F, 440
transcriptional mediator, 343
transcription termination, 358
RNA polymerase Ill, 339, 340T, 361
RNA primers, DNA replication, 272, 272F
RNA probeds), 537
RNA processing (eucaryotic), 345-346
editing, 483485
gene expression regulation, 375F, 415, 477-485
3’ changes, 482-483
splicing, 477-481
see alse Alternative splicing
mRNA capping, 346
nuclear subdomains, 364-366
polyadenylation, 346
splicing see Splicing
RNA-RNA rearrangements
snRNPs, 351
splicing mechanism, 350-351, 350F, 351F
AT-AC spliceosome, 353-354
ATP hydrolysis, 351-352
RMA splicing see Splicing
RNA structure, 272, 332333, 332F, 333F
base-pairing, 332, 333F, 403
DNA comparison, 408
double-stranded, RNA interference (RNAI), 495
folding. 332, 333F, 403404, 403F, 404
noncovalent interacrions, 64, 64F, 403
tRNAs, 368, 368F
nucleotides, 62, 332
see also Nucleotide(s)
phosphodiester backbone, 332F
secondary, 403, 403F
hairpins, 338, 403F
Tar, transcription attenuation role, 478
tertiary, 403-404, 403F
RNA transcripts see Messenger RNA
RNA transport, 486-488

gene expression regulation, 379F, 415, 485-486,

486-4886
mechanisms, 486-487, 487F
3’ UTR, 487-488, 488F
nuclear see Nuclear—cytoplasmic transport
regulation, 710
RMA virus(es)
assembly, 149-151
defense, RNAI, 495
double-stranded RNA (dsRNA), 1534, 1535-1536
genomes, 1497F
mutation rate, 1520-1521
structures, 1496F
RNA world hypothesis, 300, 400-404, 402F, 408F

limited genetic cade?, 407
natural selection, 404-406
self-replicating system, 401, 402F
transition from pre-RNA world, 402-403
see also Catalytic RNA; Ribozymes
Rock kinase, 1095
Rod photoreceptors (rods), 1432, 1433F
amplification of signal in visual transduction
cascade, 919-920, 920F
outer segment, renewal, 1433, 1433F
renewal, 1433F
respohse to light, 918F
Root(s)
apical meristern, 1163, 1401F
in plant development, 1400, 1400F
structure, 1404-1403F
tip, 1407F
Root cap, 1407F
Root hairs, 14C5F, 1407F
Rosettes, cellulose synthase, 1199, 1201
Rotational diffusion, membrane proteins, 642
Rotaviruses, 1496F
Rough endoplasmic reticulum see Endoplasmic
reticulum (ER), reugh
Roundabout receptor protein, 1388F 1389
Rous sarcoma virus, 1232, 1233F, 1499
rRNA see Ribosomal RNA
RTK (receptor tyrosine kinase) see Receptor tyrosine
kinases (RTK)
Rubisco see Ribulose bisphosphate carboxylase
Ruffling, at leading edge of cells, 1040F
RuvA, Holliday juncticns, 312F
RuvB, Holliday junctions, 312F

S

S$1 fragment, myosin, 1012
$6 kinase (S6K), 1108
Saccharomyces cerevisiae
actin, interactions with other proteins, 983, 983F
cell cycle, 1056-1057, 1056F
cell polarization, 1044
centromere structure, 229, 229F
DNA replication, 286-287, 287F
genome, 286-287, 287F, 552
His gene, 285F
as model genetic organism, 286-287, 864
mutants, 287
protein interaction maps, 188, 190F
role of cytoskeleton, cellular polarity, 969-970
“shmoo;” 1044, 1044F
Saccharomyces pombe, genome, sequencing, 552
Salivary gland, Drosophila polyteny, 236-238, 237F,
237FF
Salmonella enterica, 1491
invasion of host cells, 1508, 1509F
pathogenicity islands, 14$1F
phagocytosis, 1533
spread, 1518
strategy against host membrane traffic, 1511F,
1512, 1512F
Salmonella, phase variation, 454-455, 455F
Saltatory canduction, action potential propagation,
680
SAM complex, 715
Sar1 protein, coated-vesicle formation, 759, 759F
Sarcomal(s), 1206, 1232
Sarcomere, 1026, 1028, 1028F
Sarcoplasmic reticulum, 660, 725-726, 1029
Satellite cells, skeletal muscle, 1466
Satellite tobacco necrosis virus, capsid, 14F
Scaffold protein(s), 894, 897, 930, 931F, 1145, 1148F
PDZ domains, 1148
synapse formation and, 1148-1149, 1149F
tight junction(s), 1153-1153
unstructured polypeptide chains, 147
Scaie, 580, 580F
Scanning electron microscopy (SEM}, 607-608,
608F, 609F
5-Cdk, 1066, 1067-1069, 1068
S. cerevisige see Saccharomyces cerevisiae
SCF (stem-cell factor), 1375
SCF enzyme complex, 184-185, 185F, 1064, 1065F,
1066T
protein interaction maps, 188, 190F
Schistosoma haematobium, bladder cancer
causation, 1228
Schistosomes, eosinophil attack, 1532, 1532F
Schizosaccharomyces pombe, 24F, 1056-1057,

1056F
Schwann cell(s), myelin production, 678
Scintillation counter, 601
Scrapie, 397-398, 1498
Scribble complex, epithelial apico-basal polarity,
1156, 1157F
Scurvy, 1186
Scute gene, 1356
S-cyclins, 1062, 1064, 1087
505 (sodium dodecyl sulfate), 517, 517F
membrane protein solubility, 637
SD5-PAGE, 517, 518F, 637
see also Polyacrylamide gel electrophoresis
{PAGE}
Sealing strancls, tight junction{s), 1152, 1152F,
1153F

Sea urchin, gastrulation, 1307F
Sebaceous gland, 1418F
Secendary antibody response, 1546F
Secendary cell walls, 1195, 1196
Secondary cultures, 504
Secondary immune response, 1546
see also Immune respconse/system,adaptive
Secondary lymphoid organ see Peripheral
lymphoid crgan
Secondary oocytes, 1289, 1285F
Second messenger(s), 893
see also Cyclic AMP {cAMP)
vSecretase, 947
Secretory component, 1556F
Secretory C-terminal, 482-483
Secretory granule(s) see Secretory vesicle(s)
Secretory protein{s), exocytosis, 800
Secretory vesicle(s), 800
egg {ovum), 1288
exocytosis, B02F
formation, 801-802, 8G1F
membrane fusion, 803
mermbrane recycling, 805
protealytic processing of cargo, 803, 803F
sperm, 1293
synapses see Synaptic vesicle(s)
Sectioning, microscepy sample preparation, 585,
585F, 605
Securin, destruction by APC/C, 1064, 1066, 1087
Sedimentation coefficient, 511, 522
Seed(s), 1402, 1404F
Seedlings, 1403
Arabidopsis mutants, 1403F
Segmentaticn
genes cantrolling, 1336-1338, 1337F, 1338F
Drosophila see Drosophila melanogaster
segmentation genes
see also specific genes
insect body, 1329, 1330F
see also Drosophila development
vertebrates, 1345, 1346F, 1371-1372, 1372F
Segmentation clock, 1372-1373
Segmentation, Drosophiia, 1329
Segment-polarity genes, 1333, 1338F, 1339
Segment shuffling, DNA, 19, 19F
Selectin(s), 1145-1146, 1177T
functions, 1145, 1146F
L-selectin, 1145, 1550, 1550F
structure, 1145-1146, 1146F
Selactive pressure, Antibiotic resistance, 1523
Selectivity filter(s), ion channels, 668, 672
Selenocysteine, translaticnal recoding, 383, 383F
Self-assembly, lipid bilayers, 9, 10F
“Selfish DNA,” definition, 317
Self-replicating melecules, evolution
autocatalysis requirernent, 4G1
catalytic RNA, 404, 407F
natural selection, 404-406
polynuclectides, 401
polypeptides, 401
Self-splicing RNA, 356-357, 356F
see also Catalytic RNA
SEM see Scanning electron microscopy
Sernaphorin protein, 1388F, 1389
Semiconservative DNA replication, 266, 266F
Seminiferous tubules, 1293
Semliki forest virus, 1507
Senescence see Cell senescence
Sensory bristles, 1356, 1356F
Sensory cells, as transducers, 1429
see also specific types
Sensory epithelia, 1429, 1429-1433
Sensory mother cell, 1356-1357, 1356FF
Sensory neuron(s), 1386F, 1390
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Sepallata, Arabidopsis mutant, 1414
Separase, 1087, 1278
Sepsis, 1534
Septate junctions, 1154-1155, 1154F
Septic shock, 1534
Septins, 1097
Sequence tags, genetic engineering, 570
Sequential induction, 1319-1320
see also Drosophila development
Serine protease(s)
active site, 154, 155F
extracellular matrix degradation, 1194
protein family evolution, 138-139, 140-141,
140F

structural hormologies, 137-138, 138F
Serine, structure, 129F
Serine/threonine kinases, 941
cell signaling, 939, 940F
plants, 956-959
receptor-inked, 177F
regulation, 177
see also individual kinases
Serine/threonine phosphatases, 238
Serotonin {5-hydroxytryptamine, 5-HT), 904
endocrine cells of respiratory epithelium, 1435
neurotransmitter role, 684
Sertoli cells, development, 1284-1285, 1286F
Sevenless mutant, Drosophila, 927
Sev protein, Drosophila, 927
Sex chromosome(s), 202, 473, 554F
medotic pairing, 1275
sex determination and, 1271, 1284F
see also X-chromosome; Y-chromosome
Sex determination, 1282-1286
Drosophila melanogaster, 481-482, 481F, 482F
gonad development, 1283, 1283-1285, 1283F,
1286F
variation between species, 1286
see atso Primordial germ cells (PGCs)
Sex differences, meiosis requlation, 1280~1281
Sex hormone, 890
Sex-lethat (Sx1} gene, Drosophila sex determination,
A81F, A82F
Sex-reversed mice, 1284
Sexual reproduction, 1269-1304
evolutionary perspective
competitive advantage, 1271-1272, 1271F
genetic diversity, 1271, 1279-1280, 1279F
fertilization see Fertilization
gamete production, 1090, 1269, 1272-1274
see also Egg {ovum); Meiosis; Spermatozoa
germ cell development see Primordial germ cells
{PGCs)
haploid vs. diploid cells, 1269-1271, 1270F
horizontal gene transfer, 22
overview, 1269-1272
sex determination see Sex determination
species differences, 1285-1286
strategy differences, 1282
5H2 domain (Src homology 2 domain}
cell signaling proteins, 898, 899F, 924-926, 925F,
936

Src family, 178, 178F
STATs, 937-938, 938F
evolutionary tracing, 155, 155F
protein phosphorylation, 175
regulatory role, 178, 178F
structure, 131, 132-133FF, 136F, 141, 144F
surface—string interactions, 156, 156F
SH3 domain (Src homology 3 domain), B98, 899F,
925, 936
regulatory role, 178, 178F
structure, 136F, 141
Shigella flexneri, 1491
actin-based movement, 1516, 1516F
antibiotic-resistant, 1524
virulence plasmid, 1491F
Shine-Dalgarno sequence, 380, 488, 489F
"Shmoo," of yeast, 1044, 1044F
Shoot apical meristem, 1163, 1401F, 1408FF,
1409-1410, 1411F
“Shotgun” gene cloning, 542, 551
Shugoshins, 1278
Sialic acid (NAMA), 628F, 774F, 775F
Sic1 protein, 1101
Sickle-cell anemia, 1495
Sidekicks proteins, synapse formation, 1147
Sigma factors, 336, 337F, 439, 4397
Signal hypothesis, protein transport, 726-727, 727F,
728F

Signaling cascades, 895
Signaling cell(s), 88C
Signaling molecule(s)/pathwayis)
BH3-only proteins, 1123
cancer role, 1242-1245, 1243F
caspases, 1119
cell adhesion and, 1136-1137, 1145, 1172
developmental, 1316, 1316T
C. elegans, 1325-1326
inhibitors, 1317-1318
mechanisms of signal spread, 1318-1319,
1318F
merphogens, 1316-1317, 1317F, 1318F
see also Development; Morphogenic
gradient(s)
DIsSC, 1120
extracellular see Extracellular signal
moleculels)/pathwayis)
intracellular see Intracellular signal
melecule(s)/pathwayis)
kinases as input-output devices, 177F
proteoglycans, 1183
signaling proteins, 627F, 630-631
signal transduction see Signal transduction
turnover rate of signaling molecules, 886-887,
887F
see also specific pathways/components; specific
types/pathways
Signaling netwerks, “microchip” analogy, 177-178,
177F
Signal patch{es), 701-702, 7C1F
M6P addition recognition, 785
nuclear localization signals, 705-707
Signal-recognition particle(s) (SRP)
protein transport, 727-730, 728, 730
structure, 728, 728F
Signal-relaying junction(s), 1132, 1132F, 11337
see also specific types
Signal sequence(s), 701-702, 7C1F, 703F
chloroplast proteins, 719-720
mitachandrial proteins, 713, 714F
nuclear localization signals, 705
peroxisomes protein import, 722
rough endoplasmic reticulum protein impert,
726-727
types, 7027
Signal transducers, 641, 891
Signal transduction
adaptation (desensitization}, 902, 920, 920F
cyclic AMP, 905-909
G proteins see G protein(s) (trimeric GTP-binding
proteins/ATPases)
NF kB, Toll-like receptors, 1530
nuclear receptor superfamily, B89-891, 389F,
891F

photoreceptors, plant photoproteins, 960-961,
961F
Silent mutation(s), 264
Simian immuncdeficiency virus (SIV), diversification
and origin, 1521F
Simian virus 40 (5V40), capsid, 149F
SINEs (short interspersed nuclear elerments), 207F,
322
Single-cell expression analysis, 575-576, 576F
Single-nucleotide polymorphisms (SNPs), 560
genome evoluticn, 259
inheritance tracking, 562F
see afso Haplotype blocks
physical gene mapping, 560, 560F
Single-pass proteins see Transmembrane proteinis)
Single-strand DNA-binding proteins {SSBs)
cooperativity, 273, 274F
DNA hybridization role, 306
DNA replication machinery, 273, 274F, 2767
eucaryotic, 280
structure, 275F
Single-strand DNA breaks (nicks), 277, 277F, 278,
279F
see gise Strand-directed mismatch repair
Singfe-strand DNA, effect of $5Bs, 273, 274F
Sister chromatid(s), 243FF, 1054
meiotic, 1273
mitotic, 243, 243FF
cohesion, 1054, 1070-1071, 1070F
resolution, 1075
separation, 1075, 1087, 1087F, 1088, 1088F,
1089-1090, 1089F
spindle attachment, 1082-1085, 1084F
Site-directed mutagenesis, 565, 565F
Site-specific recombination
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applications, 325-326
conseguences
gene control, 325-326
gencme rearrangement, 324, 324F 455, 455F
mutations, 565, 565F
mechanisms
conservative, 324, 324F, 325-326
transpositional see Transpesition
see also Integrase; Transposase
Skeletal muscle, 1463-1467
actin filaments, 1003, 1012
see also Actin/actin filaments; Myosin(s)
cells, 1463
cell size, 1026, 1026F, 1463
differentiaticn, 464, 464F
satellite cells, 1466
see also Muscle fiber(s)
genesis, 1463-1467
modulation, 1463-1467
regeneration, 1463-1467
structure, 1012F, 1026, 1027F, 1029, 1029F
Skin
architecture, 1418, 1418F
cancer, 295T, 1226
function, 1417
Mammaelian, 1418F
replicative senescence, telomeric repeats, 293
supportive functional requirements, 1417-1418
Sliding clamp, 274, 275F, 281F
Slig protein, 1388F, 1389
SL RNP, 353-354, 354F
Siug gene/protein, epithelial-mesenchymal
transiticns, 1141
Smad4 gene, colorectal cancer, 1255
Smad-dependent signaling pathway, 940F
Smad family, 939-940, 941
Small-cell lung cancer, associated mutations, 1256
Small interfering RNA {siRNA), 336
Small intestine, histology, 1436-1442, 1436F
Small-molecule inhibitors, 527, 537F
Small molecules
arganic see Organic molecules (smali, cellular)
transmembrane transport, 651
universality, 8-9
Small nuclear ribonucloproteins see SnRNPs
Small nuclear RNAs see SnRNAs
Small nucleolar RNAs see SnoRNAs
Smallpox virus, 1496
SMC proteins, 243, 244F, 1070
SMN (survival of motor neurons) protein, 364-365
Smocth endeplasmic reticulum see Endoplasmic
reticulum {ER),smaoth
Smoathened protein, 951
Smooth muscle
calcium influx, 1030
cells, 1463-1464, 1463F
bload vessels, 888, 1450
mechanism of action, 1030
Snail gene/protein, epithelial-mesenchymal
transitions, 1141
SMNARE proteins
disassembly, 764, 764F
membrane fusion, 762-764, 763F, 768, 769F
Rab effector interaction, 761
target membrane SNAREs, 762-763, 763FF
tetanus toxin target, 760
vesicle SNAREs, 762-763, 763F
vesicular transport guidance, 760
5noRNAs, 361
function, 336T, 362F
nuclear localization, 365F
transcription, 340T
snRMNAs, 349-350
catafytic functions, 351
function, 336T
see also Splicing
nuclear localization, 364, 365F
protein complexes (snRNPs) see SNRNPs
SL snRNA, 354F
transcription, 336, 340T
U1 snRNA, 349, 351, 352
U2 snRNA, 349, 352
U4 snRNA, 349
U5 snRNA, 349, 352
U6 snRNA, 349, 351, 352, 363
see aiso Spliceosome
snRNPs, 349-350
assembly, 365F
AT-AC spliceaosomal, 354-355, 354F
recycling, 364
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RNA-RNA rearrangement, 351-352
SL RNP, 353-354, 354F
sm proteins, 365F
splicing mechanism, 350F, 352
U1snRNP 350F, 351, 351F
U2 snRNP, 350F, 351F
U4/5/6 triple snRNP, 350F
U4 snRNP, 350F
U5 snRNP, 350F, 351F
U6 snRNP 350F, 351F
assembly, 363
see also SnRNAs; Splicing
Sedium-calcium exchanger, 660
Sodium channel(s}), voltage-gated see Voltage-
gated sodium channel(s)
Sodium dadecyl sulfate see SDS (sodium dodecy!
suifate)
Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SD5-PAGE), 517,
518F, 637
Sodium independent chloride-hydrogen
carbonate exchanger, 658
Sodium-linked symporter, 659

Sodium-~potassium pump (ATPase), 661-663, 662F

osmotic regulation, 669
pumping cycle, 662F
selectivity, 671
So (sine oculis) gene, 466F
Se¢g gene, 1335
Solvent(s}, water, 109F
Somatic cell(s), 1271
functions, 265F
heat-shock induced recombination, 1348
induced recombination, 1348, 1349F
mutations, 265, 1208, 1209
Somatic hypermutation, antibedies, 15661567,
1567F
Somatic mutation(s), 265, 1208, 1202
see also Cancer; Mutatien(s)
Somatic nuclear transplantation, 507-508, 507F
Somatosensory region, cerebral cortex, 1392F
Somatostatin, 908
Somite(s), 1371, 1372F
Sonic Hedgehog protein, 350
Son-of-seveniess mutant, Drosophila, 928
SOS response, 310-311
see alsa DNA repair
Southern blotting, 539-540, 539F
Sox9 gena/protein, testes development, 1285
Sp1 pratein, DNA sequence recognition, 418T
Space-filling models, 50
lysozyme, 164F
protein molecules, 144F
5H2 protein domain, 133F
Species differences
chromosomes, 204-204, 205F
sex determination, 1286
sexual reproduction, 1282, 1285-1286
Xenopus lgevis, 38-39
Species divergence, mutaticn rates, 264
Specificity pocket, MHC protein, 1577-1578, 1579F
Spectrin
actin cross-linking, 1007F
actin filament packing, 994F
actin filament web formation, 1008
membrane cytoskeleton, 646, 647F
structure, 1008
Spectroscopy, electran carriers, 831, 832F
Sperm see Spermatozoa
Spermatids, 1293, 1294
Spermatocytes, 1293
meiosis in, 1281
primary, 1293
secondary, 1293, 1294
Spermatogenesis
genes regulating, 1295-1296
spermatids, 1293, 1294
spermatocytas see Spermatocytes
spermatogonia, 1293
stages, 1293-1294, 1294F, 1295F
syncytia, 1294-1296, 1296F
Spermatogonia, 1293
Spermatozoa, 1292-1296
adaptation for DNA delivery, 1292-1293
binding to egg, 1270F, 1298-1299, 1298F
acrosome reaction, 1297, 1298, 1299F
cortical reacticn and, 1299, 1300F
see also Fertilization
capacitation, 1294, 1297
mitochondria, 816F

motility, 1293, 1293F
plasma membrane domains, 645, 646F
precursors see Spermatocytes
production see Spermategenesis
structure, 1292-1293, 1293F
Spermatozoon see Spermatozoa
S phase of cell cycle see under Cell cycle
Sphingolipid{s), membrane lipid(s), 618-620, 625
see also specific types
Sphingomyelin, 618, 619F, 744-745
Sphingosine, 618, 619F, 628, 744-745
Spinal cord
development, 1385-1386, 1386F
tissue culture, 504
Spinal muscular atrophy, inherited, SMN protein
mutation, 364-365
Spindie assembly checkpoint, 1088
Spindie pole body, 993
Spirochaetes, structure, 1490F
Spiroplasma, 14F
Spisula development, cell cycle analysis, 1058
Spliceosomefs), 349-351, 349-351, 354F
active site, 352
assembly, 350
AT-AC spliceosome, 353-354, 354F
ATP hydrolysis, 351-352
catalytic RNAs, 352
components, 350F, 352
see aiso SnRNAs
evolution, 355-357
fidelity mechanisms, 352
mode of action, 350-351, 350F
RNA-RNA rearrangements, 351-352, 351F, 353
SR proteins, 352, 353
trans-spliceosome, 354-355, 354F
Splice sites, 35GF
Splicing, 346, 347-348
alternative see Alternative splicing
AT-AC splicing, 353-354, 354F
cellular location, 366
errors, 347-348, 352, 352F, 355, 355F
evelution, 355-357
evolutionary advantage, 348
gene expression regulation, 477-481
Drosophila sex determination, 481-482, 481F,
482F
intron removal, 347-348
mechanisms, 347-348, 350F, 354F
base-pairing, 351
lariat structure, 347, 348F, 350F
machinery see Spliceoscme(s)
release, 352
RNA-RMNA rearrangements, 350-351, 351-352,
351F
self-splicing see Self-splicing RNA
transesterification, 347, 348F
muscle cell isoforms, 1465
plasticity, 355, 480
regulation, 480, 480F
signals, 349, 349F
splice sites, 350F, 352-353, 353F
trans-splicing, 354-355, 354F
tRNA, 369, 369F
Splicing signals, 349, 349F, 352, 352F, 355, 355F
Spo11 meiosis-specific protein, 1280
S pombe, 552
Spore{s), 1269
SPR see Surface plasmon resonance (SPR)
Squames, 1419, 1419F
Squid giant axon, classical experiments, 678, 679,
679F
Squint, 1396
Src family of protein tyrosine kinases, 936
deletions leading to cancer, 1232
evoluticn, 177F
membranes, 631
regulation, 178, 178F
Src see Src protein
structure, 178F
Src homology 2 domain (SH2) see SH2 domain
Src homology 3 domain (SH3) see SH3 domain
Src-like kinase, B-cell signaling, 1596F
Src protein
functional role, 178, 179F
regulation, 178, 178F
structure, 136, 136F, 178F
$RP see Signal-recognition particle(s) {(SRP)
SR proteins, 352, 353
Sry gene/protein, 1283-1285, 1285, 1286F
$-S bonds see Disulfide bonds

Staining, histechemical, 554-555, 579, 585F
Staphylococeal nuclease, reaction rates, 161F
Staphylococcus, infection route, 1501
Starch
biosynthesis, 846
granules
amyloplasts, 841, 841F
chloroplasts, 94F, 95, 841, 842F
structure, 94F
synthesis, 95
Start (restriction) point of cell cycle, 1055, 1061,
1066, 1105
Start-transfer signal(s), ER protein transport, 732
mechanism, 733F
Starvation, cortisol release, 463
Stathmin, 995F, 1000
Stearic acid, 114F
Steel factor (SCF; stern-cell factor), 1375
Stem cellis), 1417-1484
asymmetry of daughter-cell fates, 1421, 1421F
division rate, 1420, 1425
embryonic {ES] see Embryonic stem (ES) celis
engineering, 1476-1483
epidermal, 1417-1428
founder cell population, 1424F
gut epithelium, 1436-1437
hemopcietic see Hemopoietic stem cells
immortal strand hypothesis, 1424-1426, 1425F
maltipotent, hemopoietic, 1450-1463
production, 1421-1422, 1421F, 1424
role in cancer, 1217-1218, 1219
Stem cell factor (SCF), 1375
Stem cell niche, signaling pathways, 1441, 1442F
Stem-loops, RNA structure, 403F
Stereocilia, 1430, 1430F, 1431F
Stereo vision, 1396
Steric limitations, peptide bonds, 127F
Steriocillia, G09F
Steroids, structure, 115F
Sterolis), membrane lipid(s), 618-620
STI-751 {Gleevec), chranic myelogenous leukemia
therapy, 1261
Stimulatory G protein (Gs), 906-907, 9197
Stomach
bacterial colonizatien, 1503
cancer, Helicobacter pylori association, 1228,
1229, 1503
epithelium, 14356
ulcers, 1228, 1503
Stomata, 846
Stop codens, 367F, 381
Strand-directed mismatch repair, 272, 276-278,
277F
Strand invasion, hamologous recombination, 305,
306

Stratified squamous epithelium, 1434
Streptococcus, 14F, 1501
Streptomycin, 3857
Stress, cortisol release, 463
Stress fibers, 1093
Stroma, 1165
cells, hemopoiesis contral, 1458-1459, 1458F
chloroplasts, 713F, 719-720, 842, 843F, 853
mammary gland, 1428
protein transport, 719-720, 720F
role in tumor progression, 1222
Strychning, mode of action, 684
Subcutanecus layer (hypodermis) of skin, 1418,
1418F
Substrate(s), enzyme binding, 72-73, 159-160
see afso Ligand(s}
Subunits (macromolecules), 148-152
Succinate, 122F, 123F
Succinyl CoA, 122F, 123F
Succinyl-CoA synthetase, 123F
Sucrose, 511, 846
Sugars, 55-58, 112-113FF
hiosynthesis via photosynthesis, 69, 70F,
845-846, 845F
see also Photosynthesis
as building blocks, 56
derivatives, 113F
energy source, 55-58, 88F, 96-97, 824T
polymerization, 56
storage, 94F
see afso Starch
structure, 55-56, 57F, 112F, 113F
see also Carbohydrates; Monasaccharides;
Palysaccharides; individual sugars
Suffolobus, tree of life, 16F
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Supercoiling, 344-345, 344F
Superhelical tension, 344-345, 344F
Superoxide, aging, 868
Superoxide dismutase (SOD), 860, 868
Superoxide radical, 833
Supporting cells, olfactory epithelium, 1429, 1426F
Suppression, self-reactive lymphocytes, 1548
see also Immunological tolerance
Suppressor mutation{s), 528F
Suprachiasmatic nucleus (SCNJ, circadian clock, 461
Surface plasmon resonance (SPR), 525-526, 525F
Surfactant, 1434, 1435F
Surrcgate light chains, pre-B cell, 1553, 1565-1566,
1566F

Survival factor(s), 1102, 1126, 1127F
Suspensor, 1400, 1400F, 1401F
Swinhatide, 983T
Switch helix, GTP-binding proteins, 181
Switch sequences, class switching, 1568
Syk kinase, B-cell signaling, 1596F
Symbiosis
chloraplast origins, 29
mitochondrial origins, 27-28
Sympathetic ganglian, 1390F
Sympathetic neurons, NGF dependence, 1390
Symporter(s), 656, 656F, 659
Synapse(s), 682
chemical see Chemical synapse(s)
electrical, 1161
elimination, 1393-1395, 1394F
formation, 1149F, 1393-1394
cell adhesion melecules and, 1147-1148
scaffold proteins and, 1148-1149, 1148F
immunological, signal-relaying junctions, 1132
madification, dependence on electrical activity,
1395F
organization/structure, 1149F
regeneration, 1168-1169, 1168F
remodeling, 1393, 1396-1397
signaling, 882, 882, 882F
synaptic cleft, 682
vesicles see Synaptic vesicle(s)
Synapsis, 305F, 306F, 1275, 1276F
Synaptic cleft(s), definition, 682
Synaptic connections, remodeling, 1393, 1396-1397
Synaptic signaling, 882, 882F
Synaptic vesicle{s), BO7-808
membrane fusicn, 803
structure, 809k
see also Neurotransmitter(s)
Synaptobrevin, v-SNARE, 763F
Synaptonemal complex, 1274F, 1275-1276, 1275F
Synchronized cetls, 285
Synchreny, of electrical activity in synapse
modification, 1393-1395
Synchrotron X-ray sources, 529
Syhcytia, 1099
Drosaphila embrya, 448F, 1330
muscle cells, 1464
Syndecan-1, 11847
Syndecans, 1183-1184
Synechocystis, gencme size, 18T
Synenymous mutation, 247
Syntaxin, t-SNARE, 763F
Synteny
blocks, genome evalution, 250
conserved, 207, 250
human-mouse, 208F
Synthetic biology, 460, 461F
Synthetic lethality, 559
Synthetic phenotype, 559

T

T4 bacteriophage, 22F

T7 polymerase, proofreading, 269

Tagged knockouts, functicnal gencmics, 569-571

Tail polymerization, 86, 87F

Tail region see F¢ region,antibody molecule

Talin, 1170, 1170F

Tam3 transposcn, 318T

Tandem affinity purification tagging (tap-tagging),
515-516

Tandem mass spectremetry, 519-521, 522

Tap-tagging, 515-516

Target proteins, apoptosis, 1118-1119

Tar RNA structure, transcription attenuation role,
478

TATA-binding protein (TBP), 340, 341FF, 342F

TATA box
consensus sequence, 342F
lacation, 340
transcription factor-binding, 340-341, 341F, 342F
Tat protein, transcription attenuation, 478
Tau protein, 995F, 1001, 1002F
Tautemeric shift, DNA bases, 269, 270
Taxol, 988, 988F, 988T
TBP see TATA-binding protein (TBP}
Tc see Cytotoxic T-cells (T¢)
TCA cycle see Citric acid cycle
T-cadherin, 1136-1137, 11387
T cellis), 1392-1409, 1540, 1569-1589
accessory receptors, 1580-1581
activation, 711F, 1543F, 1571-1572, 1572T,
1590F, 1591-15922, 1591F
antigen recognition, 1575
(D4 see Helper T-cell(s) (T}
cytoskeletal polarization in, 1047, 1573
development, 1543F
direction to targets, 1579-1580
general properties, 1540-1551
helper see Helper T-cellis) (Ty)
integrins, 1174, 1174F
lymph node, 1551F
main classes, 1543
MHC class restriction, 1579-1580
MHC protein interaction, 1569-1589, 1575
recirculation, 1548-1551, 1550
resting, 1544F
selection in thymus, 1585-1586, 1585-1586,
1587F
tolerance, nonactivated dendritic cells, 1571
see also CDA T-cell(s); CD8 T-cell(s); Cytotoxic
T-cells (Tc); Regulatory T cell(s); T cell
receptor(s)
T cell co-receptors
CD4, 1580-1581, 1580T, 1581F
see also Helper T-cell(s) (Ty)
CD8, 1580-1581, 15807, 1581F
sea also Cytotoxic T-cells {T¢)
structure, 1599F
T cell development, 1586, 1587, 1587F
T cell-independent antigen, 1598-1599
T cell-mediated immune response, 1540
T cell receptor{s), 1570~1571, 1580F, 1599F
antigen presentation to, 1550
assembly in ER, 768
B-cell receptor vs,, 1595-1596
CD3 complex association, 1590F
v chain, 1571
MHC protein/antigen interactions, 1574F,
1577-1579, 1579F, 1580F
signaling function, 1590F
structure, 1570-1571, 1570F, 1571
TCF4 gene regulatory protein, colorectal cancer,
1439
TCP-I chaperone, 390F
Tectorial membrane, 1430, 1430F, 1431F
Tectum, optic, 1391, 1391F
neyronal specificity and retinotectal map,
1392-1393
Teichoic acids, 1527
Telomerase, 292-294, 505
cell senescence and, 1107
nucieolar assembly, 363
structure, 292F
see gise Reverse transcriptases
Telomere{s), 202-294
cancer, 1217
heterochromatin role see Heterochromatin
length regulation, 293-294
senescence role, 293, 1107
yeast, 293, 294F
meiotic homolog pairing and, 1274, 1274F
repetitive DNA sequences, 210
evolutionary conservation, 292
replicative loss, 293
replication, 210, 210F, 292, 294F
T-icops, 292, 293F
see also Telomerase
replicative cell senescence and, 293, 1107
Telophase, 1055, 1073F, 1090
TEM see Transmissicn electron micrescopy
Temperature-sensitive mutation(s), 557, 557F, 1057,
1057F
Templated polymerization, 3-4, 3F
DNA, 200, 200F, 201F, 266, 266F, 267F, 268F
information transmission, 3-4, 3-5, 3F, 4F, 5F,
333, 334F
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see also DNA replication; Transcription
Teasinte, 1411, 1411F
Teosinte branched-1 (Tb1) gene, 1411
Terminal differentiation, 1103, 1420
Terminator elements, transcription, 337, 338, 33¢
Testes
development, 1283-1285, 1286F
spermatagenesis, 1293-1294, 1294F, 1295F
structure, 1293, 1294F
Testosterone, 889F
Tetracyclin, 318F, 385T
Tetradecanoyfphorbol acetate, as tumor promater,
12256
Tetraspanin, 1298-1299
Tet repressor, synthetic biclogy, 461F
TFIIH transcription factors, 340-341
TFIl transcription factors see Transcription
factars,general
TGFP superfamily see Transferming growth factor-f
{TGFB) family
TGN see Trans Golgi network {TGN)
Ty see Helper T-cell(s) (Ty)
Ty17 cells, 1594
Thalassemia, f-globin abnormalities, 288, 288F,
355F, 452
Therapeutic cloning, 507, 567F, 508
Thermal motians, 49, 49F
Thermodynamics, 66-67, 118-119FF
entropy, 66-67, 67F
first law, 67-68, 118F
second law, 66-67, 118F
see also Free energy
Thermofilum, tree of life, 16F
Thermornicrobium, tree of life, 16F
Thermotoga maritima, 10F, 18T
Thick filaments, 1012F
see also Myosin
Thoracic duct, 1549, 1549F
Threading, computational protein analysis, 139
Threonine, structure, 129F
Thrombin, 159
Thy1 protein, 1599, 1599F
Thylakoid(s), 719-720, 842-843, 843
membrane, 713F, 843, 843F, 852F
protein transport, 719-720, 720F
vesicles, generation, 698
Thylakoid space, 843, 843F
Thymidine, *H-thymidine autoradiography,
282-283, 284F, 602-603
Thymine, 197
base-pairing, 198F
dimer formation, 296, 297F
structure, 116F, 301F, 332F
Thymaosin, actin filament modification, 999
Thymus, 1541F, 1585-1586
organization, 1585F
organ-specific protein expression, 1587-1588
T cell selection, 1585-1586
Thyreid hermone, 890, Q07T
receptor, 891F
Thyraxine, 889F
Tight junction(s), 1150-1158
epithelial cells, 806, 1133, 1134F, 1150-1151
functions, 1150-1153
junctional complexes, 1153-1155, 1154F
paraceilular transport, 1152
as permeability barriers, 1151-1152, 1152F
scaffold proteins, 1153-1155
structure, 1152-1153, 1152F, 1153F
transcellular transport, 1151, 1151F
transmembrane adhesion proteins, 1153
TIM23, 718
Tim clock gene, 462F
TIM complex, 714-715
membrane association, 714F
mitochondrizl protein import, mechanism,
716-717, 716F, 718F, 719
Timeless protein, 462F
Tip cell, capillary sprouting, 1447
Tissue(s)
basal lamina see Basal lamina
cell-cell interactions, 1131-1132, 1132F
selective adhesion, 1139-1140, 1139F, 1 149F
selective assortment, 1140-1141, 1141F,
1142F
see also Cell adhesion; Cell junction(s);
Extraceilular matrix (ECM)
cell growth and, 1102, 1108
connective see Connective tissue
developmental segregation, 1140-1141, 1141F,

Page numbers in boldface refer to a major text discussion of the entry; page numbers with an F refer to a figure, with an FF to figures that follow consecutively:
paae numbers with a T refer to a table: vs means comnare/comnarisan
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1142F
engineering, 1479
epithelial see Epithelia
explants, 504
extracellular factors, 1102, 1110
organization and maintenance, 1140
polarity, 1155
renewal, 1417-1484
repair, 1193, 1477
sectioning, microscopy sample preparation, 585,
585F, 605
specialized, 1417-1484
variety, 113t
see also specific tissues
Tissue culture, 503-504
explants, 504
historical aspects, 504
requirements, 503-504
spinal cord, 504
see aiso Cell culture
Tissue explants, 504
Tissue-inhibitors of metalloproteinases (TIMPs),
1194
Tissue slices, microdissection techniques, 502, S03F
Tissue staining, 554-555, 579, 585F
Tissue-type plasminogen activator {tPA), 1194
Titin, 1028, 1028F
Tjp protein family, 1154
T-loops, 292, 293F
T lymphocytes (T cells) see Lymphocyte(s); T cell(s)
Tn3 transposons, 318T
TNFex see Tumor necrosis factor-or (TNFor)
Tobacco cells, cell culture micrograph, 504F
Tobacco mosaic virus (TMV), self assembly, 149
Toll-like proteins, 1530-1531
Toll-like receptors (TLRs), 1530-1531, 1530F, 1542
activation, 1533-1534
dendritic cells, 1531, 1536
inflammatory response, 1533-1534
Tomato bushy stunt virus, capsid, 149F
TOM complex, 714-715, 714F, 716-717, 716F, 716F
Tomography, electron microscope (EM), 611F, 612,
612F
Tonoplast(s), plant vacucles, 782F
Topoisomerases see DNA topoisomerases
TOR kinase, 934, 1108
Torso protein, 1333F, 1334, 1334F
Total cell mass, control, 1102, 1111-1112
Total internal reflection fluorescence microscopy
{TRIF), 599, 600F
Totipotency, plant cells, 568
Toxin(s), 1493
bacterial see Bacterial toxins
cholera, 1492
meachanism of action, 1493-1494
Toxoptasma gondii
conoid, 1509
host cell membrane traffic, 1512
invasion of host cells, 1509, 1510F
structure, 1489F
vacuole formation and replication, 1509, 1510F
Toy (twin of eyeless) gene, 466F
TP53 see p53 gene/protein
TPA (tetradecanoylphorbol acetate), as tumor
promoter, 1226
Trabecular bone, 1470, 1470F
Traction, cell movement, 1040-1041, 1041F
Transcellular transport, 658-659, 659F
tight junction(s), 1151, 1151F
Transcription, 4-5, 4F, 331-343, 334F, 335F
basic principles, 4F, 331, 332-333, 333,334,
334F, 335-336
see afso Messenger RNA
directionality, 339, 339F
DNA signals, 336-340
consensus sequences, 338-339, 338F
heterogeneity, 338-339
promoters, 337
elongation, 343-346, 344F
eucaryotic, 339, 339-346, 341F, 343F, 399F
elongation, 343-345
initiation, 341F, 343F
mitochondrial DNA, 863
RNA polymerases, 339, 339-340, 340T
see also RNA polymerase(s)
RMA processing, 345-346
see also Transcription factors, general (TFII
fidelity, 270, 334
gene expression regulation see Transcriptional
control of gene expression

initiation, 336-337
abortive, 337F
complex, 341-342
eucaryotic, 339, 340-342, 341F, 343F
histone code reading, 444F
premoters, 338-339
transcriptional activators see Transcriptional
activator(s)
see also Promoter elements
procaryotic (bacterial), 336-338, 337F, 338-339,
338F, 339F, 345F
directionality, 339, 339F
promaoters, 337, 337F, 338F
RNA polymerase, 336-337, 337F
sigma factors, 336, 337F
terminators, 337, 336
transcription attenuation, 477-478
rates, 334, 337,370
replication vs, 333
RNA polymerase orientation, 339, 339F
rRNA genes, 361F
termination, 337, 339
universal principles, 4-5
Transcriptional activator(s), 341, 342-343, 343F, 435
eucaryotic, 436F
coactivators, 445, 447F
complex formation, 447, 447FF
holoenzyme interaction, 438F
repressor interactions, 445, 446F
structure, 441, 442, 442F
see also DNA-binding motifs
transcriptional synergy, 444-445, 444F
see afso RNA polymerase |l
mechanisms, 436F
procaryotic, 418T, 420F, 435-436, 436, 436F
Transcriptional contrel of gene expression, 379F,
415, 432-477
activators see Transcriptional activator(s)
sucaryotes
“action at a distance, 138F
cell cycle control, 1065, 1104, 1104F
complexity, 434-436
DNA looping, 438F
gene regulatory proteins see under Gene
regulatory protein(s)
procaryotes vs., 434-436
promoters, 339, 438F, 440
see also Promoter elements
regulatory elements, 438F, 440
insulators, 453
locus control regions {LCRs), 450452,
452F
TATA box see TATA box
transcripticnal attenuation, 478
transcriptional synergy, 444-445, 444F,
464-465
see afso DNA-binding motifs; Transcription
factors,general (TFII)
evalution, 439-440
heritability, 458, 458F
procaryotes (bacterial), 436FF, 438-439, 439F,
439T,477-478
aucaryotes vs, 434-436
Lac operon see Lac aperon {Escherichia coli
regulatory proteins see Gene regulatory
protein(s)
repressors see Repressor protein{s)
see also RNA polymerasa(s)
Transcriptional mediator, 343
Transcriptional repressors see Repressor protein(s}
Transcriptional silencing see Gene silencing
Transcriptional synergy, 444-445, A44F, 464-465
Transcription attenuation, 477-478
Transcription circuits, 459-460, 459F, 460F
Transcription-coupled repair, 299-300
Transcription factors, general (TFIl), 340-342
activator protein Interaction, 438F
function, 340
nomenclature, 340
repressor protein interaction, 445, 446F
TATA box-binding, 340-341, 341-342, 341F, 342F,
438F
transcription initiation, 341F
Transcription initiation complex, 341-342
Transcription unit(s), 336, 477
see giso Gene(s)
Transcytosis, 793, 793F, 797-798, 797F
glucose transperters, 798
IgA, 1556F
insulin receptor, 798, 798F

recycling endosomes, 798
Transducers, 1429
Transesterification reactions, pre-mRNA splicing,
347-348, 348F
Transfection, DNA cloning vectars, 540-541
Transferrin receptar, 794
Transfer RNA (tRNA), 8, 7F, 368-369
aminoacylation reaction, 370-371, 371F 372F
accuracy, 371-373
origin, 407
synthetase recognition, 372-373, 372F
see afso AminoacylHRNA synthetases
aminoacyl-tRNA-ribosome binding, 375-376,
375F

anticodons see Anticodon(s)
evolutionary significance, 407-408
function, 336T
initiator tRNAs, 380
modification, 368F, 369, 369F, 370F
peptidyl-tRNA-ribosome binding, 375-376, 375F
structure, 368, 368F, 370F, 373F
transcription, 335-336, 863
see also Genetic code
Transformed’ phenotype, cancer cells, S06T, 1232,
1233
Transformer (Tra) gene, Drosophifa sex
determination, 481F, 482F
Transforming growth factor-$§ (TGFp) family
activation of Smad-dependent signaling
pathway, 939-941, 940F
animal development, 1316F
Arabidopsis absence of, 1400
Drosophila development, 1336
inhibitor signals, 1103, 1110, 1111F
loss of function mutations, 1243
myostatin, 1466
proteoglycans and, 1183
regulatory T cell(s}, 1575
skin, 1426
Transgenic organismis}, 566-568
plants, 568-569, 569F, 570F
production, 566-568, 570F
site-specific recombination, 325-326
Cre/Lox system, 567-568
see also Gene knockouts
Trans Golgi network (TGN), 772
electron micrograph, 771F
functional compartmentalization, 778F
lipid raft assembly, 807, 807F
M6P receptor proteins, 784
protein sorting pathways, 801F, 807F
structure, 771F
transport, 779-787, 785F
see also Exocytosis
Transit amplifying cells, 1422-1424, 1422F
benefits, 1425-1426
growth control strategy, 1423
gut epithelium, 1437
Transitional endoplasmic reticulum see
Endoplasmic reticulum (FR),smooth
Transition state, 160
activation energy, 160, 160F
analogs, 160, 161F
stabilization, enzyme catalysis, 159-150, 160,
164
Translation, 4-8, 4F, 331, 366~383, 376F
accuracy, 270, 382
EF-Tu role, 377-378
free energy expenditure, 385
basic principles, 4-8, 4F
decoding, 367, 367F
adaptor molecules, 371, 372F
reading frames, 368, 368F
see also Genetic code; Transfer RNA
eucaryotes, 345F, 380, 380F, 399F
ribosomes, 360-361, 362-363, 374F
gene expression regulation see Translational
control of gene expression
historical aspects, 366-367
inhibitors, 384, 3857
initiation, 379-380, 380F
bacteria, 380, 488
eucaryotes, 380, 380F, 487-488
formylmethionine, 380
initiation codon, 380, 489-490
initiation factors (elFs), 380, 488-489, 490F
initiator tRNA, 380
internal ribosome entry site (IRES), 491
leaky scanning, 490
mRNA cap, 1517
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mRNA signals, 379
procaryotic, 1527
viruses, 1517
peptide chain elongation, 373F, 375F, 376F
elongation factors, 377-378
peptidyl transferase, 375-376, 379, 379F
see afso Protein synthesis
quality control, 382-383, 385-387, 387F
see also Nonsense-mediated mRNA decay
regulation, 489F
termination, 381, 381F
viral RNA, 1517-1518
see glsc Messenger RNA (imRNA); Protein
synthesis; Ribosome(s)
Translational control of gene expression, 379F, 415,
488
cytoplasmic polyadenylatian, 493
initiation regulation, 489-491, 490F
internal ribosome entry site (IRES), 491
mRNA degradation, 492-493, 492F
negative, 488, 490F
see also Messenger RNA (mRNA}
Translaticnal frameshifting, 383, 384F
Translational recoding, 383, 383F, 384F
Translational repressors, 488, 490F

Transtation release factor (eRF1), molecular mimicry,

382F
Translocase of the inner mitochondrial membrane
see TIM complex
Translocase of the auter mitochondrial membrane
see TOM complex
Translocations, chromosomal see Chromosome
translocation
Transmembrane adhesion proteins, tight
junction(s), 1153
Transmembrane protein{s), 629-630, 630F
assembly, 634
B barrel conformaticn, 632, 634-635, 635F
cell-cell adhesion, 1134-1135, 1134F, 1135T,
1153
see also Cadharin{s)
cell-matrix adhesion, 1169, 1177T
see afso Integrinis)
domains, 632
a-helix conformation, 631-632, 632F
a-helix interactions, 632-634
hydrogen bonding, 632
hydropathy plots, 632
multipass, 632, 634F, 634FF, 653, 734-735,
734-736, 735F
single-pass, 632, 636F, 733-734, 733F
transport, small molecules, 651
see aiso Porin(s); specific proteins/types
Transmission electron microscopy (TEM), 604-607,
604F
3-D recanstruction, 606, 607F
immunocelectron microscopy, 606-607, 607F
microscope, 604-605, 604F
sample preparation, 605-606, 605F
surface analysis, G08—609
metal shadowing, 608-609, 610F
Transmitter-gated ion channel(s}, 682-684, 892
acetylcholine receptors as, 684-686
locaiization, 683
neuromuscular junctions, 684-686, 687683
permeability changes, 683
psychoactive drug effects, 686-687
see also specific receptors
Transplantaticn reaction, 1575-1576
Transporters/transport proteins see Carrier
protein(s)
Transport vesicle(s), 749, 760
Transposable elements see Transposon(s)
Transposase, 317, 318F
alternative splicing, 480
DNA-only transposons, 317, 318T
genes, 318F
Transposition, 316
DNA-only transposons, 318T
cut-and-paste mechanism, 319F, 320F
enzymes, 3187
see also specific enzymes
mechanism see Site-specific recombination
retrotransposons, 3187
viral integration, 321F
Transpositicnal site-specific recombination see
Transposition
Transposon(s), 317, 1599
bacterial genome, 318F
<lassification, 318T

DNA-only, 317, 318F, 318T
retrotransposons, 317, 318T
see also Retrotransposons; Retroviral-like
retrotransposons
evolutionary movements, 323
B-globin genes, 250F
human gencme, 207F
insertional mutagenesis, 528F, 556
phylogenetic variation, human vs. mouse, 323F
transposition mechanism see Transpasition
see afso Transposase; individual elements
Trans-splicing, 354-355, 354F
SL RNP 333, 354F
trypanosames, 354, 354F
Transverse filaments, meiotic hamolog pairing,
1276, 1277F
Treadmilling, 976-980, 97 7FF
Tree of life, 12-13, 12-13, 15-16
Treponema paliidum, 14F
genome size, 18T
Triacylglycercls, 115F
energy storage, 95, 96F
fatty acid storage, 58
structure, 97F, 114F
Tricarboxylic acid cycle see Citric acid cycle
Tricellulin, 1153
Trichomonas, tree of life, 16F
Trichothicdystrophy, mouse knockouts, 568F
Triglyceride(s} see Triacylglycerols
Trimeric GTP-hinding proteins (G proteins) see
G protein(s); G protein(s) (trimeric
GTP-binding proteins/ATPases)
Triosephosphate isomerase, 120F, 161F
Trioses, 112F
Triple response, growing seedling, 957, 954F
Triple snRNF, splicing mechanism, 350F
Trithorax group, 1344
Triton, membrane protein solubility, 637
Trk A, 923T
TrkA receptor protein (NGF receptor), 1390
tRNA see Transfer RNA
tRNA-splicing endonuclease, 369, 370F
Tropoelastin, 1190
Tropomodulin, 1003
Tropamyosin, 349F, 480, 994F. 1001
Trypanosoma, T6F, 354, 354F, 483, 484F
Trypanosoma brucei, 1502, 1519F, 1520
Tryponosoma cruzi, 1509, 1511, 1511F
Trypanosome(s)
antigenic variation, 1519F, 1520
tsetse flies, 1502
Trypsin, cell isolation technigues, 502
Tryptophan, 129F, 433F
Tryptophan operon, 433F
Tryptophan repressor, 433-434, 433F, 434F
helix-turn-helix motif, 420F
T segments, Drosophila, 1329
Tsetse fly, 1502
T-SNAREs see SNARE proteins, target membrane
SNARFs
Tubercle, 1507
Tuberculoid leprosy, 1593-1594
Tuberculosis, 1488, 15071508, 1508
see also Mycobacterium tuberculosis
Tube worms, 13F
Tubulin{s)
bacterial homolog, 989
evclutionary conservation, 982-983
filament assembly, 973-975
isofarms, 982
photoactivation visualization, 594-595, 595F
polymerization, time course, 914F
structure, 973
T-form and D-form, 980
Ytubulin, 992, 992F, 998
see also Microtubule(s)
y-Tubulin ring complex (¥TuRC), 992, G92F, 994F,
1077, 1079
Tumor(s) see Cancer; specific types/locations
Tumar initiators, 1226, 1227
Tumor necrosis factor-¢, (TMFo, 953, 953F, 1592,
1598T
Tumor promoter(s), 1226, 1227
Tumor suppressor genes (T5Gs), 1231, 1232F
genetic vs. epigenetic change, 1237F
hereditary cancer syndromes, 1234-1235
identification, 1234-1235
loss by mutation, 1235-1236
meachanisms of losing, 1236F
see also individual genes/proteins
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TUNEL technigue, apoptotic cells, 1117, 1118F
Turgor pressure, 781, 1197, 1199
Turnover number, enzyme catalysis, 159-160
Twin studies, epigenatics, 473, 473F
Twist gene/protein, 1141, 1335
Two-component signaling pathway/system, 942,
944F
Two-dimensional polyacrylamide gel
electrophoresis (2D-PAGF), 521-522
gene expression analysis, 412, 414F
isoelectric focusing step, 521, 521F, 522F
SDS-PAGE step, 521-522
visualization, autoradiography, 522F
Two-hybrid methods, 523-524, 524F
see also Protein-protein interactions
Twa-hybrid system, 523-524, 524F
“Two-photon” effect, confocal microscopy, 592,

Ty1 retrotransposon, 318T
Type |l secretion system, bacterial toxins, 1493,
1494F, 1504
Tyrosine aminotransferase, gene expression
regulaticn, 415
Tyrosine kinase(s), 177F
B cell receptor signaling, 1590F
receptor-linked see Receptor tyrasine kinases
TK)

T-cell receptor signaling, 1590F

see afso Src family of protein tyrosine kinases
Tyrosine-kinase-associated receptor, 922, 935
Tyrosine, structura, 129F

U

U1 snRNP, splicing mechanism, 350F
U2AF spliceosomal protein, 350F
U2 snRNP, splicing mechanism, 350F
U4 snRNP, splicing mechanism, 350F
U6 snRNP, splicing mechanism, 350F
UAS (upstream activating sequence) element,
1350F
Ubiquinone see Coenzyme Q
Ubiquitin, 362-393, 74CF
Ubiquitin-activating enzyme, 393, 394F
Ubiguitin ligase(s), 393, 394F, 396F
cell cycle control, 1064, 1065F, 10667
SCF, 184-185, 185F, 188
see aisa specific enzymes
Ubiquitin pathway, 393-394, 394F, 396F
activation, 393-394, 394F
enzymes, 393, 394F
N-terminal degradation, 395-396
proteasome targeting, 393-394
protein labeling, 395F
ubiquitin, 393, 740F
see also Proteasomel(s)
Ubiguityiation, histone tails, 223F
Uktracentrifugation
cell fractionation, 510-511, 51 1F
microsome purificaticn, 726
preparative ultracentrifuge, 510-511, 510F
Ultraviolet {UV) radiation
DNA damage, 296, 297F, 298
see also DNA damage; DNA repair
sensitivity, DNA repair defects, 265T
Unc5H, netrin receptor, 1389
Unc5, netrin receptor, 1389
Unc6 gene, 1388
Unc genes, 1388
Uncoupling agents, 836, 838
Uniporter(s), 656, 656F
Unit evolutionary time, protein evolution, 265
Universe, time line see Origin of life
Untranslated regions
3" untranslated region, 487, 488, 488F
5" untranslated region, 488
Upstream ORFs, 490
Uracil, 116F, 332, 332F, 333F
Uranium, electren microscopy stains, 606
Urea, 101
Urea cycle, mitochondriz, 867
Urease, 1503
3H-Uridine autoradiography, 603
Uridine isomerization, rRNA modifications, 361,
362F
Urokinase plasminogen activator (uPA), 1194
UTR see Untranslated regions
UV light see Ultraviolet {UV) radiation

Page numbers i boldface refer to a major text discussion of the entry; page numbers with an F refer to a figure, with an FF to figures that foliow consecutively;
page numbers with aT refer to a table; vs means compare/compariscn,
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v

Vaccines/vaccination, 1498, 1498F
HIV prevention, developmant, 1521
Vaccinia virus, 1514F, 1516F, 1517
Valine, structure, 129F
Valium, mechanism of action, 686
Vancomycin, resistance, 1523
Van der Waals forces, 51, 51F, 54, 110F
bond length/strength, 53T
protein felding, 130F
Van der Waals radius, 51, 110F
Variable domain
genes, 1563
heavy Ig chains, 155%F, 1560F
light lg chains, 1559F, 1560F
Variable number tandem repeats (VNTRs), 547F
Varicella zoster virus, microtubule-based
movement, 1516-1517
Variegation, 866, 866F
Vasa family proteins, 1282
Vascular cell adhesion molecules (VCAMSs), 1146
Vascular endothelial growth factor (VEGF)
cell-cell junctions and, 1145
ECM binding, 1183
endathelial cells, 1448, 1449
role in tumour progression, 1221
Vascular tissue
blood vessels see Blood vessels
of plants, 1402, 1404F
Vasopressin, 9071
VE-cadherin, 1138T, 1145
Vectors
DNA cloning, 540-541, 541FF
see aiso DNA cloning
of pathogens, 1561-1502
protein expression, 546, 548, 548F, 548FF
virus transmission by, 1502
“Velcro principle”
caclherin adhesion, 1138-1139, 1139F
integrin acghesior, 1174
Velocity sedimentation, 510-511, 512F
Vertebrate{s)
development see Vertebrate development
times of evolutionary divergence, 43F
Vertebrate development, 1363-1378
cadnerins and, 1139-1140, 1140-1141, 1140F,
1141F
see also Cadherin(s}
cell movements and shaping of body plan,
1363-1378
blastula, 1363F, 1365, 1366F
cell adhesion and sorting-out, 1369-1370,
1370F
cleavage, 1365, 1365F
convergent extension, 1368-1369, 1369F
egqg asymmetries in amphibia, 1364, 1364F
gastrulation, 1365-1369, 1366F, 1367F
left-right asymmetry, 1376-1377, 1376F
mid-blastula transition, 1365
migratory cells, 1373-1375
myoblast migration, 1373-1374, 1374F
neural crest, 1374, 1374F
neurulation, 1370-1371, 1370F, 1372F
notochord, 1370-1371
pigment cells, 1375, 1376F
somite formation, 1371-1372, 1372F
see also under Xenopus laevis development
mouse see Mouse development
neural crest, 1140, 1140F
neural tube formation, 1140, 1141F
Xenopus laevis see Xenopus laevis development
see also individual processes and species
Vesicular transport, 701, 701F, 750-766, 7508
coated vesicles see Coated vesicle(s)
decking specificity, 760-761, 761-762
ER to Golgi apparatus, 766-787
exocytosis, 799-809
see also Exocytosis
Gelgi apparatus transport
to cell surface, 799-809
see also Exocytosis
to lysasomes, 779-787
madel, 777-778
investigations, 752, 752F, 753, 753F
organelle relationship, 701F
secretory vesicles see Secretory vesicle(s}
SNARE proteins and see SNARE proteins
Vesicular tubular clusters, 768-769
electron micrograph, 769F, 772F

formation, 769, 769F
retrieval pathway, 769, 769F, 770F
transport from ER to Golgi apparatus, homotypic
membrane fusion, 768, 769F
Vibrio cholerae, 14F
bacteriophage, 1491
chromosome, 1492F
colonization of gut, 1503
CTX¢ bacteriophage, 1492F
gene map, 1492F
pandemics, 1491
structure, 1489F
toxin see Cholera toxin
virulence genes, 1491
Villin, actin cross-linking, 1007
Villi, of small intestine, 1436, 1436F, 1441
Vimentin, 985, 985T
Vinblastine (vincristine), 988T
viral infection(s}
interferon-y, effects of, 1406F
vaccination, 1498, 1498F
see also Virus(es); specific infections/organisms
Virion, definition, 1496
Virulence factors, 1491
anthrax, 1493
type 1l secretion system for, 1493, 1494F, 1504
see also Bacterial toxins
Virulence genes, bacterial, 1491
Virulence plasmids, 1491, 1491F, 1492F
Virusies), 1488, 1496-1498, 1534-1536
adhesion to host cells, 1505-1506
bacterial see Bacteriophage(s)
bloodborne, 1502
as carcinogens, 1227-1228
see also DNA tumar virus{es)
cytolytic effects, 1496
diversity, 1483
DNA tumor virus{es), 1247-1249, 1248F
entry and uncoating, 1505, 1506F
enveloped, 1497, 1497F, 1505, 1513, 1514F
enzymes encoded, 1517-1518
evolution, 1520-1521
genome, 1496, 1497, 1497F
genome integration see Mobile genetic
elements; Site-specific recombination
host cell membrane traffic changes, 1513-1514,
1514F
host metabolism changes, 1517-1518
intracellular moverment, 1514-1517
life cycles, 1496-1497, 1456F
MHC class | expression inhibition, 1535-1536
morphology, 1496, 1496F
nonenveloped, 1497, 1507
plant, plasmodesmata and, 1163
proteins, 1497
protein synthesis, 1517, 1535-1536
receptors, 1505-1506
replication, 1457
retroviruses see Retroviruses
RNA viruses see RNA virus(es)
size, 1496
structure, 148-149, 1456
capsids, 148, 148F, 149F, 150F, 1489F, 1497,
1513
icosahedral, 611F, 612
nucleocapsid, 1497F
self assembly, 14%
spherical, 150F
transmission by vectors, 1502
see also specific infections/organisms
Vfisual cennections, in mammalian cortex,
1395-1396
molded by experience, 1335-1396, 1395F
segregation of right- and left-eye inputs, 1395,
1365F
Visual cortex, ocular dominance columns, 1395F
Visual experience, influence on ocular dominance
columns, 1395F
Visual transduction, 917-918
adaptation, 920, 920F
amglification of signal in rod photoreceptors,
919-920, 920F
photoreceptor cells, 918
see also Arrestin; Rhodopsin; Rod photoreceptors
(rods)
Vitaminis)
as coenzymes, 167, 1671
see aglso individual vitamins
Vitamin A, 640, 820
Vitamin C, deficiency, 1186

Vitamin D, 890
receptor, 8391F
Vitamin D3, 889F
Vitelline layer, 1267
Vitreous ice, 605, 610
V(D) joining, 1564-1566
class switching vs., 1568
control, 1565-1566
recombination signal sequences, 1564F
V-J joining process, x light chain production, 1563F
V(D)) recombinase, 1564
Voltage-gated calcium channel(s), 682, 687-688
Voltage-gated ion channel(s), 676678
see aiso specific types
Voltage-gated potassium channel(s), 677
delayed, 678, 689
epilepsy, 682
evolutionary relationship, 682
inactivation, ball-and-chain madel, 678F
mutants, 678
Voltage-gated sodium channel(s)
inactivating mechanism, 676
neuromuscular junctions, 687
states, 676-677
Volvox, 501F
Von Hippel-Lindau {VHL) syndrame, 1449
\-SNAREs, 762-763, 763F
V-type pumps {ATPases), 660

w

Wall cress see Arabidopsis thaliana
Warburg effect, 1245
WASP family, 1043, 1516, 1516F
Water, 108-109FF
cell content, 51-52
channel(s) see Aquaperin channel(s)
chemical properties, 51-52
electron source, 851, 873
functional roles, proteins, 154
proton behavior, 828, 828F
solvent, 109F
structure, 52F, 108F
Water-splitting enzyme, 851, 852F, 873
Watson, James D., 196
Wee1 kinase, 1063, 1074, 1074F
Werner syndreme, DNA repair disorders, 295T
Western blotting, 518, 519F
White blood cells see Leucocyte(s); individual cell
types
Wheooping cough {pertussis}, 1503
see @isc Pertussis toxin
“Winding problem,” DNA replicaticn, 278F
Wing bud, 1355F
Wing imaginal disc, 1356F
Wingless (Wg) genz/orotein, 1353, 1353F
In Drosophila segmentation, 1340
in vertebrate limb, 1355
see giso Wnt signaling pathway
Wingless signaling pathway, 1353
see also Wnt sighaling
Wing margin, 1201, 1352
Wire protein models, 133F
Whnit signaling pathway
absent in Arabidopsis, 1400
animal development, 1316F
[-catenir, 948-950, 945F
in bong marrow, 1458
cell-cell adhesion and, 1145
colorectal cancer, 1253
gut stem-cell pepulation maintenance,
1438-14941
planar cell polarity, 1158
in skin, 1426
Webble base-pziring, 369, 369F
Wolbachia
host behavior madification, 1518
infection treatment, 1518
microtubule-based movement, 1517, 1517F
vertical spread, 1517, 1518
Worm see Caencrhabditis elegans
Wound(s}
angiogenesis, 1448, 1448F
healing
angiogenesis, 1448
cantrol of cell turnover, 1425-1426
role of TGFf3, 1426
infection route, 1501-1502
WRKY {Zn finger} gene regulatory proteins, family
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members in different eucaryotes,
14007
Wuschel protein, 1410, 1410F

X

X-chromosome(s), 202, 473, 1271, 1284
inactivation see X-inactivation
meiotic pairing, 1275
Xenografts, transplantation reactions, 1575
Xenopus laevis, 39, 39F
development see Xenopus laevis development
genome duplication, 38-39
species differences, 38-39
Xenopus laevis development, 1363F
cell movernent during development, 1363
effect of blocking Notch signaling in, 1360F
eqq, 1364F
celt-free systems, 1058, 1058F
fertilization, 1057
growth, 1058F
microtubule dynamics during mitosis, 108¢,

embryo
cell cycle analysis, 1057-1058, 1057F
cleavage, 1058F
gastrulation, 1365-1369, 1366F, 1367F, 1368F,
1369F

cell movements, 1365-1367, 1365F, 1366F,

cell packing changes (cenvergent extension),
1368-1369, 1369F
signals controlling, 1367

Xenopus ruwenzoriensis, 39
Xeriopus tropicalis, 39, 39¢
Xeraderma pigmentosum {XP}, 295T, 1208
XIC (¥-inactivation center), 474
X-inactivation, 473-475, 473F, 474F

Barr body, 473

dosage compensation, 473, 475-476

histone HZA variants, 474-475

histone H3 variants, 475

histone H4 variants, 475

mechanism, 285, 473-475, 473F

maosaics, 1209F

random chromoseme choice, 473-474

see also Gene silencing; Genomic imprinting
X-inactivation center (XIC), 474
XIST RNA, 473F, 474
XMAF215, microtubule formation, 995F, 1004,

10G4F

Xpd gene/protein, mouse knockouts, 558F

X-ray{s), 527-528
sensitivity, DNA repair defects, 295T
synchrotron sources, 529
X-ray crystallography
DNA, 195-196, 197
electron density maps, 528
historical aspects, 530T
1gG structure, 1561F
protein structure determination, 139, 527-529,

Y

YACs see Yeast artificial chromosomes (YACs)
Y-chromosame, 202, 473, 1271, 1284
meiotic pairing, 1275
Sry gene, 1284
Yeast(s), 33, 606F, 1494
budding see Budding yeast(s)
cell cycle control, 1056-1057, 1056F, 1057F,
1062, 1063F
chromosome replication, 210
E. colivs., 34
fermentaticns, 90
see also Glycolysis
fission yeast see Schizosaccharomyces pombe
gene expression analysis, 34-35
genetics see Yeast genetics
genome, 34, 318T
metabelic map, 102F
mitochondria, 857, 858F, B67F
DNA, 863, 864865, 865F, 866-867
as model eucaryote, 33-34
‘protein-only inheritance; 398, 398F
protein transport studies, 703F
reproductive cycles, 34F
sexual reproduction, haploid vs. diploid cells,
1269-1270, 1270F
“shmoo,” 1044, 1044F
in tree of life, 16F
two-hybrid methods, protein-—protein
interactions, 523-524, 524F
utility as model organisms, 1056
vacuoles, lysasomal praperties, 781-782
Yeast artificiai chromosomes (YACs), 541, 542F
Yeast budding
cellular pelarity, 880, 1044, 1045F
mating types, 1044
signaling pathway, 88C, 880F, 1045F
Yeast genetics
gene regulatory proteins, DNA sequence
recognition, 4187
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mitochondrial DNA, 863
inheritance, B64-865, 865F
petite mutants, B66-867
mutagenesis, deletion cassettes, 570
Yersinia pestis, 1502, 1502F, 1520
Yersinia pseudotuberculosis, 1508, 1520
Yolk, 1287, 1290
Yolk granules, 1287

F4

Zap70 tyrosine kinase, 1590F
Z disc, 1026, 1027F
Zebrafish, 255, 556, 592F, 1391F
Zellweger syndrome, 723
Zigzag model, 30-nm fiber formation, 217, 217F
Zinc finger motifs, 421, 421-422, 422F
Zinc finger proteins, 421-422, 422F, 423F
DNA-binding, 422F
sequence specificity, 427F
structure, 421, 422F
types, 421-422, 422F, 423F
zinc finger repeats, 421
Zinc protease, lethal toxin, 1493
Zona adherens {adhesion belt), 1142, 1143F
Zona occludens see Tight junction(s}
Zona pellucida, 1287, 1288F, 1291F, 1298, 1298F,
1300
Z0 proteins, 1154
ZP1 glycoprotein, 1298
ZP2 glycoprotein, 1298, 1300
ZP3 glycoprotein, 1298, 1300
Z-ring, formation during cell division, 989, 989F
Z scheme {photosynthesis), 852
Zygote, 1269
centrioles, 1301, 1301F
reconstruction {cloning), genome preservation,
411, 413F
zygotic-effect genes, 1337
see also Fertilization
Zygotene, 1275
Zygotic-effect genes, 1337
Zymogens, 793
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The Genetic Code
1st position 2nd Position 3rd Position
(5" end) (3 end)
Phe Ser Tyr Cys u
U Phe Ser Tyr Cys C
Leu Ser STOP STOP A
Leu Ser STOP Trp G
Leu Pro His Arg U
C Leu Pro His Arg C
Leu Pro Gln Arg A
Leu Pro Gln Arg G
lle Thr Asn Ser u
A lle Thr Asn Ser C
lle Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Gly v
Val Ala Asp Gly C
G Val Ala Glu Gly A
Val Ala Glu Gly G
AMINO ACIDS AND _
THEIR SYMBOLS CODONS
A Ala Alanine GCA GCC GCG GCU
C Cys Cysteine UGC uGlU
D Asp Aspartic acid GAC GAU
E Glu Glutamic acid GAA GAG
F Phe Phenylalanine uuc uuu
G Gly Glycine GGA GGC GGG GGU
H His Histidine CAC CAU
I lle Isoleucine AUA AUC AUU
K Lys Lysine AAA AAG
L Leu Leucine UUA UUG CUA CUC CUG CUu
M Met Methionine AUG
N Asn Asparagine AAC AAU
P Pro Proline CCA CCC CCG CCU
Q Gln Glutamine CAA CAG
R Arg Arginine AGA AGG CGA CGC CGG CGU
S Ser Serine AGC AGU UCA UCC UCG UCY
T Thr Threonine ACA ACC ACG ACU
v Val Valine GUA GUC GUG GUU
W Trp Tryptophan UGG
Y Tyr Tyrosine UAC UAU




