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GLOSSARY

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 l9-1, p. I133)

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

Angstrom 1A;
Unit of length used to measure atoms and molecules. Equal
to  l0 - 'u  meter  o r  0 . I  nanometer  (nm) .

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
phagocltosis or complement-induced lysis.

anticodon
Sequence of three nucleotides in a transfer RNA (IRNA) 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 orT cell receptor.

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

antigenic variation
Ability to change the antigens displayed on the cell surface; a
property of some pathogenic microorganisms that enables
them 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 lymphocytes.

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 l1-B)

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

APC-see adenomatous pollposis 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 epithelial 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. (PaneI22-I, p. l40l)

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.

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

archaeon (plural arch[a]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 l-21)

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

aromatic
Molecule that contains carbon atoms in a ring drawn as hav-
ing alternating single and double bonds. 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
Atty 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 tvvo different

fenomes. 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, AIM 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
reactl;e 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 activirY.

ATP synthase (FoFr ATPase)
Tiansmembrane enzvme 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 inoiganic
phosphate during oxidative phosphorylation and photosyn-
thesis,.respectively. AIso present in the plasma membrane of
Dactena.

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 Ca2a 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 chromosome 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 polyvalent antibody with a poly-
valent antigen.

ttxon
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 lerve cell axon. Can be anteiograde (outward from
the cell body) or retrograde (back toward the cell body).

zlxoneme
Bundle of microtubules and associated proteins that forms
the core of a cilium or a flagellum in euiaryotic 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 l i fe (Archaea, Bacteria, and
Eucaryotes). Bacteria and Archaea both lack a distinct
nuclear compartment, and together comprise the
Procaryotes. (Figure l-2I)

bacterial artificial chromosome (BAC)
Cloning vector that can accommodate large pieces of DNA
up to I mil l ion 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 t lambda)
Virus that infects E coll. Widely used as a DNA cloning vector.

bacteriorhodopsin
Pigmented protein found in the plasma membrane of a salt-
loving archae an, 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.

basal lamina (plural basal larninae)
Thin mat of extracellular matrix that seoarates eoithelial
sheets, and many other types of cel ls such as muscle or fat
cells, from connective tissue. Sometimes called basement
membrane. (Figure 19-40)

base
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 H2O. The purines
and pyrimidines in DNA and RNA are organic nitrogenous
bases and are often referred to simplv as bases. (Panel 2-2.
pp. l0B-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)
Tlpe of lymphoclte that makes antibodies.

Bcl2 family
Family of intracellular proteins that either promote or inhibit
apoptosis by regulating the release of cltochrome c 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 cyoplasmic protein involved in cadherin-
mediated cell-cell adhesion, linking cadherins to the actin
cltoskeleton. Can also 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 together by hydrogen bonding between atoms of the
polypeptide backbone. Also known as a p-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
them 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
homologous duplicated chromosome.

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 caviry
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-) blott ing.l
(Figure B-38)

B lymphocyte-seeB 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 kidnev.

buddingyeast
Common name given to the baker's yeast Saccharomyces
cereuisiae, a model experimental organism, 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.

Ca2*/calmodulin-dependent protein kinase-see (CaM-kinase)

cadherin
Member of the large cadherin superfamily of transmem-
brane adhesion proteins. Mediates homophil ic Cazt-
dependent cell-cell adhesion in animal tissues. (Figure l9-4,
andTable 19-2, p. l l35)

C ae no rh ab diti s e Ic gans
A small (-lmm) 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 Caz* pump

G:5

calmodulin
Ubiquitous intracellular Ca2*-binding protein that under-
goeja large conformation change when it binds Ca2*, allow-
ing it to regulate the activity of many target proteins. In its
aciivated (Ca2t-bound) form, it is called CaZ*/calmodulin.
(Figure l5-43)

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
I gram of water by l"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
Serine/threonine protein kinase that is activated by
Ca2*/calmodulin. Indirect ly mediates the effects of an
increase in cytosolic Ca2'by phosphorylating specific target
proteins. (FiSure l5-43)

CaM-kinase II
Multifunctional Caz*/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 l5-44)

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 tlpes of protein subunit into a geometrically regular
structure. (Figure 3-30)

Ca2* pump (calcium pump, Ca2* AIPase)
Transport protein in the membrane of sarcoplasmic reticu-
lum of muicle cells (and elsewhere). Pumps Ca2* out of the
cl.toplasm into the sarcoplasmic reticulum using the energy
ofATP hydrolysis.

carbohydrate
General term for sugars and related compounds containing
carbon, hydrogen, and oxygen, usually with the empirical
formula (CH2O) n.

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

carbon-fixation cycle (Calvin cycle)
Major metabolic pathway in photosynthetic organisms by
which CO2 and H2O are converted into carbohydrates.
Requires both AIP and NADPH. (Figure 14-40)

carbonyl group (C=O)
Caibon atbm linked to an oxygen atom by a double bond.
(Panel 2-1, p. 107)

carboryl group (-COOH)
Caibon atom linked both to an oxygen atom by a double
bond and to a hydroxyl group. Molecules containing a car-
boryl 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.
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carcinoma cdk-activating kinase (cAK)
Cancer of epithelial cells. The most common form of human Protein kinase that phosphorylates Cdks in cyclin-Cdk com-
cancer. plexes, activating the Cdk.

cardiac muscle Cdk inhibitor protein (CKI)
Soecialized form of striated muscle found in the heart, con- Protein thit binds to and inhibits cyclin-Cdk complexes, pri-
sisting of individual heart muscle cells linked together by cell marily involved in the control of Gi and S phases.
junctions' 

cDNA
carrier protein-see transporter DNA molecule made as a copy of mRNA and therefore lack-

cartilage ing the introns that are present in genomic DNA.

Form of connective tissue composed of cells (chondrocl'tes) Cdtl
embedded in a matrix rich in type II collagen and ciron- Protein essential in the preparation of DNA for replication.
droitin sulfate proteoglycan. With Cdc6 it binds to origirrrecognition complexes on chro-

cascade-seesignaling cascade 
mosomes and helps load the Mcm proteins on to the com-
plex, forming the prereplicative complex.

caspase
Intracelrular protease that is involved in mediating the intra- 

cell adhesion molecule-seecAM

cellular events ofapoptosis. cell cortex

catabolism Specialized layer of_ cytoplasm on the inner face of the

General term for the enzyme-catalyzed reactions in a cell by yl3,t-" membrane' In animal cells it is an actin-rich layer

which complex morecures are degraded r" ri-;;;;;; ;i;t 
responsible for movements of the cell surface'

release ofenergy. (Figure 2-36) cell cycle (cell-division cycle)

catalyst Reproductive-cycle-of a cell: the orderly sequence of events

substance rhat can rower the,acrivation energy:li.:T:jr?: :t[[:T,ffi1'.Xfft:'#"i,li::lllil",#fff,[l* 
usuailv' the

(thus increasing its rate), without itself being consumed by
the reaction. cell-cycle control system

catastrophe factor Network of re-gulatory-protein.s that governs progression of a

Prot-ein that destabilizes microtubule arrays by increasing 
eucaryotic cell through the cell cycle'

the frequency of rapid disassembly of tubulin subunits from cell division
oneend (catastrophe). (Figure 16-16) Separation of a cell into two daughter cells. In eucaryotic

p-catenin-seebetacatenin cells it entails division of the nucleus (mitosis) closely fol-
lowed by division of the cytoplasm (c1'tokinesis).

cell-division-cycle gene-s ee 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.

cellmemory
Retention by 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 c)'toplasm of a 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-
Iently linked glucose units. Provides tensile strength in plant
cell walls. (Figures 19-78 and 19-79)

cation
Positively-charged ion.

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

cD4
Co-.receptorprotein found on helperT cells, regulatoryT cells,
and macrophages. It binds to class II MHC proteins (on anti-
gen presenting cells) outside the peptide-binding groove.

CD8
Co-receptor protein found on cltotoxic T cells. It binds to
class I,MHC proteins (on antigen-presenting cell) outside the
peptide-binding groove.

cD28
Co-receptor protein on T cells that binds a co-stimulatorv Bz
protein orr 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 Cdtl 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.

Cdc20
Alltyaling subunit of the anaphase-promoting complex
IAPC/O.

Cdc25
Protein phosphatase that dephosphorylates Cdks and
increases their activity.

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

Cdk-see cyclin-dependent kinase
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GLOSSARY

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-lB)

GAP-see GTPase-activating protein

gap Sene
ln Drosophila development, a gene that is expressed in spe-
cific broad regions along the anteroposterior axis ofthe early
embryo, and which helps designate the main divisions of the
insect b ody. (F igure 22-37 )

gap iunction
Communicating channel-forming cell-cell junction present
in most animal tissues that allows ions and small molecules
to pass from the cytoplasm ofone cell to the c1'toplasm ofthe
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)

Gr-Cdk
Cyclin-Cdk complex formed in vertebrate cells by a G1-cyclin
and the corresponding cyclin-dependent kinase (Cdk).
(Table l7-1, p. 1063)

G1-cyclin
Cyclin present in the G1 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 dornrn the
migration of the DNA fragment through a gel during gel elec-
trophoresis. (F i1.rlre 7 -27)

gel-transfer hybridization-see blotting

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 (l) 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
iequences required to initiate transcription of the gene and
control the rafe of initiation. [Figures 7-37 (procaryotes) and
7-44 (eucaryotes)l

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 observable 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. 34I)

G : 1 5

gene regulatory protein
" 

Geieral 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 tripleis (codons) in DNA or RNA and amino acids
in proteins. (Figure 6-50)

senetic engineering (recombinant DNA technology)
" 

Colleciion of techniques by which DNA segments from dif-
ferent sources are cbmbined 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 biology generally.

genetic instabilitY
Abnormally increased
occurs in cancer cells.

spontaneous mutation rate' such as

genetic mosaic-see mosaic

genetic recombination-see recombination

senetic redundancY- 
The presence oi 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

organism; in paiticular, the DNA that carries this information.

eenomic DNA
" DNA consti tut ing the genome of a cel l  or an organism. Often

used in contrast to cDNA (DNA prepared by reverse tran-

scription from mRNA). Genomic DNA clones-represent DNA^

cloned directly from chromosomal DNA, and a collection of

such clones from a given Senome 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
" cliretic constitution of an individual cell or organism' The

particular combination of alleles found in a specific individ-

ual. (Panel B-r, PP. 554-555)

germ cell
" A cell in the germ line of an organism, which includes the

haploid gameles 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.

serm laver" 
One of the three primary tissue layers (endoderm, meso-

derm, and ectoderm) of an animal embryo. (Figwe22-70)

germ line
" Th" cell lineage that consists of the haploid gametes and

their specified diploid precursor cells.

GFP-see green fluorescent Protein

Gibbs free energY-seefree energy
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GLOSSARY

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)
Protein that binds to a GTPase and activates it by stimulating
it to release its tightly bound GDB thereby allowing it to bind
GTP in its place. (Figure 3-73)

gnanosine triphosphate-s ee GTP

H+-seeproton

H--seehydride ion

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 genotlpe.

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

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.

heavychain (H chain)
The larger of the two types of pollpeptide chain in an
immunoglobulin molecule.

Hedgehog protein
Secreted extracellular signal molecule that has many differ-
ent roles controlling 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 l95l from a human cervical car-
clnoma.

helicase-see DNA helicase

q, 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

G:"17

a flexible loop to a second, Ionger alpha helix. Its structure
enables two HlH-containing proteins to dimerize, forming a
complex that binds to DNA. Distinct from the helix-turn-
helix motif. (Figure 7-23)

helix-turn-helix

from the helix-loop-helix motif. (Figures 7 -10' 7 -l l, 7 -I2)

helperT cell
\pe 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
oiygen in hemoglobin and carries an electron in
cytochromes. (Fiq.rlre 14-22)

hemidesmosome
Specialized anchoring cell junction
cell and the underlying basal lamina.

hemopoiesis (hematoPoiesis)
Generation of blood cells, mainlY
(Figure 23-42)

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

hepatocyte
The major cell type in the liver.

heterocaryon
Cetl wittr two 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-
al$ condensed chromatin; generally transcriptionally inac-
tive. Compare euchromatln.

heterodimer
Protein complex composed of two different polypeptide

chains.

heterophilic binding
nindlng between molecules of different kinds, especially
those involved in cell-cell adhesion. (Figure l9-B)

heterozygote
Oipioia cel or individual having two different alleles of one
or more specified genes.

hieh-enersvbond" 
Covale"nt bond whose hydrolysis releases an unusually larg-e

amount of free energy under the conditions existing in a cell'
A sroup linked to a ilolecule by such a bond is readily trans-
feired irom one molecule to another. Examples include the
phosphodiester bonds in ATP and the thioester linkage in

acetyl CoA.

high-performance liquid chromatography (HPLC)- 
q,pe of chromatography that uses columns packed with tiny

U'ehds 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 thaicause bacterial chemotaxis. Associated
with a"histidine protein kinase on its cytoplasmic side'

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

between an epithelial

in the bone marrow.
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and lysine. Histones form the nucleosome cores around
wlich 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 (e.g.,
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 Hl
'Linker' (as opposed ro 'core') histone protein that binds to
DNA where it exits from a nucleosom-e and helps package
nucleosomes into the 30 nm chromatin fiber. (Figure +-S+I

HIV
Human immunodeficiency virus, the retrovirus that is the
cause of AIDS (acquired-immune deficiency syndrome).
(Figures t3-19 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-
sizf.^d RNA, organizing it into a more compact form. lFigure
6_33)

Holliday junction (cross-strand exchange)
X-shaped structure observed in DNA undergoing recombi-
nation, in which the two DNA molecules are held iogether at
the site ofcrossing-over, also called a cross-strand eichange.
(Figure 5-61)

homeobox
Short (lB0 base pairs long) conserved DNA sequence that
encodes a DNA-binding protein motif  (hom-eodomain)
famous for its presence in genes that are involved in orchesl
trating development in a wide range of organisms.

homeodomain
DNA-binding domain that defines a class of gene regulatory
projgins 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 ii another, causing a
bizarre disturbance of the body plan. (Figures 22-42 {nd
22-127)

homeotic selector gene
ln 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 eene. The term
covers both orthologs and paralogs. (Figure l-25) See homol-
ogous cnromosomes.

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

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

homologous recombination (general recombination)

9enetic exchange between a pair of identical or very similar
DNA sequences, typically those located on two copi'es of the
same chromosome. (Figures 5-51, b-53, S-59, and 5-64)

homophilic binding
Binding between molecules of the same kind, especially
those involved in cell-cell adhesion. (Figure l9-B)

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.

Hoxgene 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 of a
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 B-B)

hydride ion (H-)
A proton (H+) plus two electrons (2e). Equivalent to a hvdro-
gen atom with one extra electron.

hydrocarbon
Compound that has only carbon and hydrogen atoms. (panel
2-r, pp. 106-107)

hydrogen bond
Noncovalent bond in which an electropositive hydrogen
atom is partially shared by two electronegative atoms. (panel
2 - 3 , p p . 1 1 0 - r l l )

hydrogen ion
A proton (H+) in an aqueous solution. The basis of acidiry.
Since the proton readily combines with a water molecule to
form H3O+, it is more accurate to call it a hvdronium ion.

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

hydrolysis (adjective hydrolytic)
Cleavage of a covalent bond with accompanying addition of
water. General formula: AB + HrO --> AOH + BH.

hydronium ion (HeO+)
Water molecule associated with an additional proton. The
form generally taken by protons in aqueous solulion.

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
molec.ules that brings two nonpolar surfaces together by
excluding water berween them. (panel 2-3 , pp. I l0--1 l l)

hydroryl (-OH)
Chemical group consisting of a hydrogen atom linked to an
oxygen, as in an alcohol. (Panel 2-1, pp. 106-107)
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GLOSSARY

nurse cell
Cell in the invertebrate ovary that is connected by cytoplas-
mic bridges to a developing ooclte and thereby supplies the
ooclte with ribosomes, mRNAs, and proteins needed for the
development of the early embryo. (Figxe 2l-24)

occluding junction
Tlpe 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 l9-2, and Table l9-1,
p .  l l33)

Okazaki fragments
Short lengths of DNA produced on the lagging strand during
DNA replication. Rapidly joined byDNA 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 2-4, pp. I l2-l 13)

O-linked oligosaccharide
Chain of sugars attached to a protein through the OH group
of serine or threonine residues. Compare l/-linked oligosac-
charide. (Figure l3-32)

oncogene
An altered gene whose product can act in a dominant fash-
ion to help make a cell cancerous. Typically, an oncogene is a
mutant form of a normal gene (proto-oncogene) involved in
the control ofcell growth or division. (Figure20-27)

oocyte
Developing egg, before it has completed meiosis. (Figures
2l-25 and2l-26)

oogenesis
Formation and maturation of oocytes in the ovary. figure
2r-23)

open reading frame (ORF)
A continuous 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 controls
the transcription ofan 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 nucleus, nucleo-
Ius, mitochondrion, Golgi apparatus, and centrosomes.
(Figure l-30)

Organizer (Spemann's Organizer)
Specialized tissue at the dorsal lip of the blastopore in an
amphibian embryo; 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)

G:27

origin ofreplication
Site in a chromosome where DNA replication starts.

origin recognition complex (ORC)
Large piotein complex that is bound to the DNA at origins of
repllcation 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 I-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 I l-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
Ndndividing 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. $igure 2l-26)

ovum
Mature egg.

oxidase
Enz).ryne 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 oxygen to a molecule or when a hydrogen is removed.
Opposite of reduction. (FiSure 2-43)

oxidative phosphorylation
Proceis inbacteria 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 ofa proton gradient (pH gradient) across
a membrane and a chemiosmotic coupling of that gradient
to the ATP slrlthase. (Figures 14-10 and 14-14)

p5s
Tumor 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 cycle. (FiSures 20-37 and
20-40)

pairing (homolog pairing)^ 
Inlmeiosis, the lining up of the nvo homologous chromo-
somes along their length. (Figure 2l-6)

pair-rule gene' 
ln Drosop,hila development, a gene expressed in a series of
regular tiansverse stripes along the body of the embryo and
wfiich 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 chemical direction-
e.g., GATC. (Figure B-31)

Par3, Par6
Scaffold proteins involved in the specification of polarity in
individuil animal cells; Par3 and Par6 form a complex with
aty?ical protein kinase C (aPKC). (FiSure 19-31)
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paracrine signaling
Short-range cell-cell communication via secreted signal
molecules that act on neighboring cells. (Figure l5-4)

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

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

passlve transport (facilitated diftrsion)
Transport of a solute across a membrane dovrm its concen-
tration gradient or its electrochemical gradient, using only
the energy stored in the gradient. (Figure ll-4)

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

pathogen (adj ective 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 unmethvlated GC seouences in
bacterial DNA.

PCR (polyrnerase chain reactlon)
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 B-45)

PDZ domain
Protei!-binding domain present in many scaffold proteins,
and often used as a docking site for intracellulai tails of
transmembrane proteins. (Figure l9-21)

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 amino
acid and the amino group of a second amino acid-a special
form of amide linliage. Peptide bonds link amino acids
together in proteins. (Panel 3-1, pp. l2B-129)

peripheral lymphoid organ (secondary lymphoid organ)
Lymphoid organ in whichT cells and B cells interaitwith for-
eign antigens. Examples are spleen, lymph nodes, and
mucosal-associated lyrnphoid tissue. (Figure25-3)

peripheral membrane protein
Protein that is attached to one face of a membrane onlv bv
noncovalent interactions with other membrane proteins,
and which can be removed by relatively gentle treatments
that leave the lipid bilayer intact. (Figure l0-19)

permease-see transporter

permissive (nonrestrictive) conditions
Circumstances (such as temperature or nutrient availabiliW)
in which rhe phenotypic effecr of a condit ional mutarion wil l
be absent: that is, the phenotype will be normal. (Figure B-55
and Panel B-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 (HzOD. (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 l0-3
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 phagocltic 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 Amoebaproteus, 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-
cellular 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 g-7 and
22-r0t)

PH domain-see pleckstrin homology domain

phenotype
The observable character (including both physical appear-
ance and behavior) of a cell or organism. (Panel B-1, pp.
554-555)

phosphatase
Enzyme that catalyzes the hydrolltic removal of phosphate
groups from a molecule.

phosphatidylcholine (lecithin)
Common phospholipid present in abundance in most bio-
Iogical mebranes. (Figure l0-3)

phosphatidylinositol
An inositol phospholipid. (Figure 15-37)

phosphatidylinositol 4,5-bisphosphate (pI(4,5)pz, plpz)
Membrane inositol phospholipid (a phosphoinositide) that
is cleaved by phospholipase C into IP3 and diacylglycerol at
the beginning of the inositol phospholipid signaling path-
way. It can also be phosphorylated by PI 3-kinase to produce
PIP3 docking sites for signaling poteins in the pI 3-kinase/Akt
signalingpathway. (Figures 15-38 and 15-64)

phosphoanhydride bond
High-energy bond linking phosphate groups in, for instance,
ATP and GTP (Panel 2-6,pp.116-117)

phosphodiester bond
A covalent chemical bond formed when two hydroxyl groups
form ester linkages to the same phosphate group, such hs
between adjacent nucleotides 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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GLOSSARY

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 l-21)

procaspase
Inactive precursor of a caspase, a proteolytic enzyme usually
involved in apoptosis. (Figure lB-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
intracel lular death program

prometaphase
Phase of mitosis preceding metaphase in which the nuclear
envelope breaks down and chromosomes first attach to the
spindle. (Panel l7-1, pp. 1072-1073)

promoter
Nucleotide sequence in DNA to which RNA polymerase
binds to begin transcription. See a/so 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
l7-r,  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 cy.tosol with proteol)'tic 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-l)

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
Enzyrne that transfers the terminal phosphate group of ATP
to one or more specific amino acids (serine, threonine, or
tyrosine) ofa target protein.

protein kinase A (PKA)-see cyclic-AMP-dependent protein
kinase

protein kinase B-see Akt

protein kinase C (PKC)
Caz*-dependent protein kinase that, when activated by dia-
cylglycerol and an increase in the concentration of cytosolic
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Ca2*, phosphorylates target proteins on specific serine and
threonine residues. (Figure l5-39)

protein subunit
An individual protein chain in a protein composed of more
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 ty'rosine 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 erulalrrre- 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 l-41)

proton
Positively charged subatomic particle that forms part of an
atomic nucleus. Hydrogen has a nucleus composed of a sin-
gle proton (H+). (FiSure 2-l)

proton-motive force- 
The force exerted by the electrochemical proton 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 eucaryotic organisms, such as Paramecium and
Amoeba. Free-living protozoa feed on bacteria or other
microorganisms. (Figure l-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
ions 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. l16-117)

pyruvate (CH3COCOO-)
End-product of the glycotytic pathway. Enters mitochondria
and feeds into the citric acid cycle and other biosynthetic
pathways.

quaternary structure
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 l4-24)

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 l5-S, p. 926)

Ran (Ran protein)
Monomeric GTPase in the Ras superfamily present in both
cFosol and nucleus. Required for the active transport of
macromolecules into and out of the nucleus through nuclear
pore complexes. (Table l5-5, 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 l5-5, 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 givb 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 cell sur-
face, while others are inside the cell. (Figure l5-3)

receptor-mediated endocytosis
Internal izat ion of receptor- l igand complexes from the
plasma membrane by endocyosis. (Figure l3-53)

receptor serine/threonine kinase
Cell-surface receptor with an extracellular ligand-binding
domain and an intracellular kinase domain thal phosphory-
Iates signaling proteins on serine or threonine residues in
response to ligand binding. The TGFB receptor is an exam-
ple. (Figure I5-69)

receptor tyrosine kinase (RTK)
Cell-surface receptor with an extracellular ligand-binding
domain and an intracellular kinase domain that phosphory-
lates signaling proteins on tyrosine residues in iesponse io
ligand binding. (Figure l5-52 and Table t5-4, p. 9231

recessive
In genetics, the member of a pair of alleles that fails to be
expressed in the phenotype of ihe organism when the domi-
nant allele is present. Also refers to the phenotype of an indi-
vidual that has only the recessive allele. (panel B-1, pp.
554-55s)

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 uitrousing 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 I3-60)

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 lelectron donor) and NAD+ (elec-
tron acceptor). (Panel f4-1, p.830)

redox potential
The affinity of a redox pair for electrons, generally measured
as the voltage difference between an equimolar mixture of
the pair and a standard reference. NADH/NAD+ has a low
redox potential and O2lH2 has a high redox potential (high
affinity for electrons). (Panel 14-I, p. 830)

redox reaction
Reaction in which one component becomes oxidized and
the other reduced; an oxidation-reduction reaction. (Panel
la-I,  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 l5-19)

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 newlv svnthesized protein
from the r ibosome by binding to the r ibosbme 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 b-19)

replication origin
Location on a DNA molecule at which duplication of the
DNA begins. (Figures 4-2I and 5-25)
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GLOSSARY

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, Caz+-dependent cell-cell
adhesion in the bloodstream-for examole 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 17-23 andll-24)

senescence
(l) aging of an organism. (2) replicative cell senescence: phe-
nomenon observed in primary cell cultures in which cell pro-
liferation slows dornm and finally halts irreversibly.

sensory hair cell-see auditory hair cell

separase
Protease that cleaves the cohesin protein linkages that hold
sister chromatids together. Acts at anaphase, enabling chro-
matid separation and segregation. (Figure l7-44)

septate iunction
Main type of occluding cell junction in invertebrates; its
structure is distinct from that of vertebrate tight junctions.
(Figure l9-28)

sequencing
Determination of the order of nucleotides or amino acids in
a nucleic acid or protein molecule. (Figure B-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 phosphoryrosine. (Panel 3-2, pp. 132-133)

p-sheet-see beta sheet

side chain
The oart of an amino acid that differs between amino acid
types. fne side chains give each type of amino acid its
unique physical and chemical properties. (Panel 3-1, pp.
r28-r29)

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
l5 - l )

signal patch
Protein-sorting signal that consists of a specific three-
dimensional arrangement of atoms on the folded proteins
surface. (Figure 13-45)

signal peptidase
Enzyme that removes a terminal signal sequence from a pro-
tein once the sorting process is complete. (Figure l2-25)

G:35

signal-recognition particle (SRP)
Ribonucleoprotein particle that binds an ER signal sequence
on a partially slmthesized 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-cell contact. Typically includes
anchorage proteins as well as proteins mediating signal
transduction. (Figure 19-2, andTable l9-1, 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 reticulum. (TabIe l2-3, p. 7 02)

signal transduction
Conversion ofa signal from one physical or chemical form to
another (e.g., conversion of light to a chemical signal or of
extracellular signals to intracellular ones).

single-nucleotide polymorphism (SNP)
Variation between individuals in a population at a specific
nucleotide in their DNA sequence.

single-pass transmembrane protein
Membrane protein in which the pollpeptide chain crosses
the lipid bilayer only once. (Figure 10-19)

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 S 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 8-63)

site- specific recombination
Type of recombination that occurs at specific DNA
sequences and is carried out by specific proteins that recog-
nize these sequences. Can occur between two different DNA
molecules or within a single DNA molecule.

skeletal muscle cell-see muscle cell

sliding clamp
Protein complex that holds the DNA polgnerase on DNA
during DNA replication. (Figure 5-lB)

Smad protein
Lalent 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 (21-26nucleotides) double-stranded RNAs that inhibit
gene expression by directing destruction of complementary
mnNas. Production of siRNAs is triggered by exogenously
introduced double-stranded RNA. (FiSure 7-1 15)

small intracellular mediator-see second messenger

small nuclear ribonucleoprotein (snRNP)
Complex of an snRNA with proteins that forms part of a
spliceosome. (Figure 6-29)

small nuclear RNA (snRNA)
Small 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 l2-36)

smooth muscle cell-seemuscle 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 efst in pairs-a v-SNARE in the vesicle membrane that
binds specifically to 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 liquid is called
a solvent.

somatic cell
Any cell of a plant or animal other than cells of the germ line.
From Greek soma,body.

somatic hlpermutation
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-Bl)

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 immobilized on a paper sheet. Specific 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
r0-41)

Spemann's Organizer-s ee Organizer

sperm (spermatozoon, plural spermatozoa)
Mature male gamete in animals. Motile and usually small
compared with the egg. (Figure 2l-27)

spermatogenesis
Development of sperm in the testes. (Figure 2l-30)

S phase
Period of a eucaryotic cell cycle in which DNA is synthesized.
(Figure l7-4)

sphingolipid
Phospholipid derived from sphingosine. (Figure l0-3)

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 l7-14, and Panel
l7-1, 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
a/so alternative RNA splicing, and trans-splicing.

S. pombe-see Schizosaccharornyces

Src (Src protein family)
Family of cytoplasmic t),.rosine kinases (pronounced "sark")
that associate with the cytoplasmic domains of some
enz)'rne-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 components are present
at a concentration of 1 mole per liter. (Table 24, p. 77, and
Figure l4-18)

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 Gr in the eucaryotic cell
cycle. Passage through Start commits the cell to enter S
phase. The term was originally used for this checkpoint in
the yeast cell cycle only; the equivalent point in the mam-
malian cell cycle was called the restriction point. In this book
we use Start for both. (Figure l7-14)

start-transfer signal
Short amino acid sequence that enables a polypeptide 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 oftranscription)
Latent gene regulatory protein that is activated by phospho-
rylation by IAK kinases and enters the nucleus in response to
signaling from receptors of the cltokine 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 Drocess of self-
renewal ). (Figure 23-5)

stem-cell niche
The specialized microenvironment in a tissue in which self-
renewing stem cells can be maintained. (Figure 23-27)

stereocilium
A large, 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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telophase
Final stage of mitosis in which the two sets of separated
chromosomes decondense and become enclosed bv 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 temperature range (usually high tempera-
ture) but not at other (usually low) temperatures. (Panel B-1,
pp. 554-555, and Figure B-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 TGFp/activin and bone morphogenetic protein
(BMP) subfamilies. (Figure l5-69)

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 ofchloroplasts. (Figures 14-35 and 14-36)

tight iunction
Cell-cell junction that seals adjacent epithelial cells together,
preventing the passage of most dissolved molecules from
one side ofthe epithelial sheet to the other. (Figures l9-3 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 Droteins into the inner
membrane; the TIM22 complex mediates the insertion of a
subgroup of proteins into the inner membrane. (Figure
t2-23)

T lymphocyte-seeT cell

Toll-like receptor family (TLR)
Important family of mammalian pattern recognition recep-
tors abundant on or in cells of the innate immune system.
They recognize pathogen-associated immunostimulants
such as lipopolysacharide and peptidoglycan. (Figure 24-51)

TOM complex
Mult isubunit 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 II
creates transient double-strand breaks, allowing one double
helix to pass through another and thus resolving tangles.
(Figures 5-22 and5-23)

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 ofthe epithelial cells. (Figure 11-ll)

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 andT-44)

transcytosis
Uptake of material at one face of a cell by endocltosis, its
transfer across a cell in vesicles, and discharge from another
face by exocltosis. (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 svnthesis as an
interface (adaptor) between mRNA ind amino acids. Each
tlpe of IRNA molecule is covalently linked to a particular
amino acid. (Figures l-9 and 6-52)

transformation
(I) 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 manvwavs like a cancer cell
( i .e.,  unregulated prol i ferat ion, anchoiage-independent
growth in culture).

transforming growth factor-B superfamily-see TGFp
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 ampliffing 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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conformat ional  changes,  653F, 655,  655F
coupled carriers, 656F
coupling to proton gradients, 822-823,823F
evolut ion,655
kinet ics,  655,655F
l ight-dr iven pumps, 656F
local izat ion,  1 1 51
mechanism,655F
membrane transport, 652-643
reversi bi l ity, 826-827, 826F
specificity,652
see d/so ABC transporter(s); Active transport;

specific proteins
Cartilage, 1468-1469

bone repair ,  1471
cells, 1467, 1468-1469, 1469F

see o/so Chondrocytes
erosion by osteoclasts, 1472-1473
growth, 1 468-l 469, 1469F

defect ive in achondroplasi  a,  1 47 1 -1 472,
1 472F

mineral izat ion,  147' l
'models ' in bone development,  1470, 1471F
replacement by bone, 1 470-1 47 1,  1 47 lF

Casein k inase 1,949
Caspase(s), 1 1 1 8-1 I 20

act ivat ion,  1 I  18,  1 1 19F, 1 120F
see o/so Procaspase(s)

caspase -3 ,1119
caspase-8, 1 573F
caspase recrui tment domain,  1 1 19
human, I  I  l9T
inhib i t ion,  1 124-1 125,  1 127
inter leukin-1-convert ing enzyme, 1 1 18
signal ing pathways,  I  I  l9

Caspase recruitment domain (CARD), caspases,
1 1 1 9

Catabol ism, 88-103
activated carriers, 79F
anabol ism vs. ,67F
definition, 66, 88
oxidat ion of  organrc molecules,  70,  100F

citric acid cycle see Citric acid cycle
glycolysis see Glycolysis
oxidative phosphorylation see Oxidative

phosphorylat ion
sugars,  55-58,88

catabolite activator protein (cAP), 418r, 420F, 436
Catalase,144F,721
Catalysis

autocatalysis and origin of life, 7F, 4O1
catalysts, 73, 1 58-1 59

see olso Enzyme(s); Ribozymes
in contro l led energy use by cel ls ,65-87
energy baftierc,72-73
by RNA see Catalytic RNA; Ribozymes

Catalyt ic  ant ibodies,  1 60,  I  6 l  F
Catalytic RNA

origin of life, 401, 402, 4O2F
self-replication, 404, 407F

ribosomes, 378-379
spliceosome active site, 352
see a/so Ribozymes; Self-splicing RNA

Catastrophe factors, 1 080
Catastrophe, in dynamic instabi l i ty ,  1003, 1080
Caten in(s)

p-Catenin
cadheri n binding, 949, 1 1 42
colorectal  cancet  1253

p120-Catenin,  l  142
yCatenin (p lakoglobin) ,  cadher in b inding,  |  142
cel l -cel l  adhesion and intracel lu lar  s ignal ing,

949, 1142, 1 145
classical  cadher in l ink to act in f i laments,  1 142,

1 142F
Cat ion,  def in i t ion,4T
Cation-transportFg ATPases see Calcium pump

(Ca2+-ATPase)
Co u I obocter cresentuS cytoskeleton shape, 99 1
Caveolae,790, 790F
Caveol in,790
CBC (cap-binding complex),  347
C-Cbl  protein,926
CCR5, HIV receptor, 1 505-1 506, 1 505F
CD3 complex, T cells, 1 590F, 1592f, 1599F
cD4 protein, 1 580-1 581, 1 580T, 1 581 F, 1 5921

1 599F
antigen presentation, 1 590
HIV receptor, 1 505, 1 505F
role in v i ra l  entry into cel ls ,765F

CD4T-cell(s), 1 580, 1 592T, 1 599F
negative selection, 1587, 1587F
positive selection, I 586, 1 587F
see o/so Helper T-cell(s) (TH)

cD8 protein, 1 580-1 581, 1 580T, 1 581 F, r 592T,
1 599F

antigen presentation, 1 590
CDS T-cell(s), 1 580, 1 592T, I 599F

negative selection, 1587, 1587F
posi t ive select ion ,1586, 1587F
see d/so Cytotoxic T-cells (Tc)

CD9, sperm-eg g binding, 1 298-1 299
cD28, 1 590, 1 591F, 1 5927
CD40 ligand, 1590,1592T, 1594, 1595F, 1597
CD40 receptor protein, 1 590, 1 5927

on B cell, 1597, 1598f
on macrophage, 1 593F, 1 594

cD80, 1 5927
cD86, 1 5927
Cdc6,288,289F, 1 068
Cdc2O, AP C / C reg u lati on, 1 064, 1 066, 1 066f , 1 087,

1  100
Cdc25 phosphatase,  1 063,  1071,107lF
Cdc42, 1 042F, 1 043, 1 1 56, 1 51 6
Cdc genes, 1 056-l 057

temperature-sensitive mutants, 1057, 1057F
Cdh1, APC/C regulat ion,1064, 1066T, 1 101
Cdk (cyclin-dependent kinase) see Cyclin-

dependent k inases (Cdks)
Cdk4, in cancer, 1243,1244F
cDNA,542

clones, 542, 543, 543F, 544
PCR cloning,  546F

libraries, 542, 543F, 544
synthesis, 543F,574

Cdt l ,  ORC binding,  1 068
Ced3 gene, 1327, 1327F
Ced4 gene, 1327, 1327F
Ced9 gene, 1327, 1327F
C. elegans see Coenorhobditis elegons
Cel l (s)

behavior
cytoskeleton involvement, 1025-r050
see a/so Cell motility/movement

chemical components, 45-65
carbon compounds,  54-55
sma l l  mo lecu les ,55

free energy
informat ion t ransmission,  8
inorganic chemical  sources ( l i thotrophic cel ls) ,

12 ,13FF
l ight  sources (phototrophic cel ls) ,  1 2
from l iv ing organisms (organotrophic cel ls) ,

1 2
genome see Genome(s)
i so l a t i on ,50 l - 517

mixed suspensions,  502
separat ion techniques,  502,  503F, 503FF

origins of life, 400-408
polarization see Polarity/polarization
procaryotes, diversity, 1 4-1 5, 1 4F, 1 5F
self-reproduction by autocatalysis, 7F
terminal  d i f ferent iat ion,  1 103
tree of life

archaean cel ls ,  1 5
bacterial cells, 1 4F, 15-16, 15F, 25,25F
eucaryotic cells, 1 4, 26-32

unit of living matter, 1
universal properties

ATP as energy currency, 8-9
DNA as heredi tary informat ion store,2,3F
gene fami l ies in common, 23,  247
plasma membrane, 9-1 0,  l0F
proteins as catalysts and executive molecules,

5 -6 ,6F
ribosomal machinery for protein synthesis,

6 - 7  , 8 F
RNA as intermediary in information transfer,4,

5 F
smal l  molecules and fundamental  chemistry,

8-9,4s-123
vehicle for hereditary information, 2
see olso entries beginning cell/cellulor; specific

components; specific tyPes
Cell adhesion, 1111 -1204, 1 177f

bacter ia l  invasion of  host  cel ls ,  1 508
cel l -cel l  see Cel l -cel l  adhesion
cel l -matr ix  see Cel l -matr ix  adhesions
traction for cell movement, 1040-1041
see also Cell adhesion molecules (CAMs); Cell

l :7

junct ion(s) ;  Extracel lu lar  matr ix  (ECM)
Cel l  adhesion molecules (CAMi,  11777

cadher ins see Cadher in(s)
cel l -cel l  adhesion,  1 177f

see a/so Cadherin(s); Cell-cell adhesion
cell-matrix adhesion, 1 1 77f

see o/so Cell-matrix adhesions; Integrin(s)
lCAMs, 41 1,1146, 1592r
immu noglobuli n su perfamily, 1 1 45, 1 1 46-1 1 47
integr in superfami ly see Integr in(s)
selectins, 1145-1146
synapse formation and, 1 1 47 -1 1 48
T-cel l  funct ion,  1 571
see olso specific types

Cel l -cel l  adhesion
as?ys,  1 135
Car+ ro |e ,1135 -1136
cel l  adhesion molecules,  I  l77T

cadhe r i ns ,  l l 33 -1150
dendr i t ic  cel ls ,  1571
immunoglobul in superfami ly,  1 145,

1146-1147
integrins, 1 1 34, 1 1 45, 1 1 46
selectins, 1145-1146

cel l  orol i ferat ion and,  1 1 53-1 1 55
heterophi l ic  vs.  homophi l ic  b inding,  1 138F
scaffold proteins, 1 1 45, 1'l 48-1 1 49
select ive adhesion,  1 139-f  140,  1 139E 1 140F
select ive assortment,  I  140-f  141,  1140F, 1141F,

1142F
signal ing,  1 145
synapse format ion and,  1 147-1 149,1149F
see o/so Cell junction(s); Cell-matrix adhesions;

Extracellular matrix (ECM)
Cell-cell contact

actin polymerization via Rac, 1047
bone marrow 1458
capi l lary sprout ing,  1 448
see o/so Cel l -cel l  adhesion;  Cel l  junct ion(s)

Cell coat (glycocalyx\, 636, 637 |
Cell communication, 879-903

adaptation, 902, 920, 920F
autocr ine,881
budding yeast, mating, 880, 880F
carbon monoxide,889
cell-surface receptors see Cell-surface receptor(s)
contact  dependent,  881,  881 F

see o/so Ephrin(s); Notch receptor protein
different responses in target cell types, 885,

885F
endocrine, 882-883, 882F, 883F

see o/so Hormones
evolut ion,955
extracellular signals, combinatorial actions, 884,

885F
gap junctions, 884, 884F
nitric oxide, 887-889, 888F
paracri ne, 881, 882F, 883
plants,955-962
speed of response, 886-887, 887F
see o/so Cell junction(s); Neurotransmitter(s);

Recepto(s); Signaling
molecule(s)/pathway(s); Signal
transduction; individual signoling
molecules ond pothwoys

Cel l  crawl ing,  1006, 1008,1036, 1036F
activities involved, 1 036
leading edge, 1040F
see a/so Cell motility/movement

Cel l  cul ture,50f-517
anchorage dependence, 1 17 5-1 17 6,  1 1 7 5F
bacterial, cloning vector production, 540, 541F
cel ls  in cul ture,  504F
definitions, 502-504
historical aspects, 504
mammal ian

cel l  cycle analysis,1059, 1059F
' immortal izedj  1059
replicative senescence, 1 059, 1 107

plant, 504-505, 568
primary cultures, 504
secondary cultures, 504
tissue segregation in, 1 1 40-1 141, 1142F
see olso Cell lines; Tissue culture

Cel l  cycle,  554F, 1053-1 r  13,  1054F
a na lvs is

animal  embryos,  1057-1058, 1057E 1058F
BrdU labeling, 285,285F, I 059, 1 059F
DNA microarrays, 1065
flow cytometry, I 059-1 060, 1 060F
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mammal ian cel l  cul ture,  1059, 1059F
progression analysis,  |  059
yeast  mutants,  1056-1057, 1056F, 1057F

arrest, 1 061
abnormal prol i ferat ion s ignals and,

1 1 0 7 - 1 1 0 8 . 1  t 0 8 F
DNA damage and, 303-304, 1 1 05- l  1 06,

1 1 0 6 F
Go phase, |  103
male gametes,  1281

cancer cel ls ,  1 107- l  108
checkpoints see Cell cycle control
chromosome changes, 208-209, 208F, 209 -21 0,

209F
control systems see Cell cycle control
nucleolar  changes,  363,  363F
overview, 1 054-1 060
phases, 208F, 285F, 1 054-1 055, 1 054F, 1 055F

Ge (G zero), 488-489, 489, 1 1 03
elF-2 regulation, 488-489

G1 phase, 285F, 1055, l10O-1r01,  1 100F
mitogen act ions,  1 103

G2 phase, 285E 1055
interphase, 208F, 209, 1055
M phase, 208F,285F, 1054, 107 1

cytokinesis see Cytokinesis
mitosis see Mitosis
see d/5o Meiosis

S phase (DNA synthesis), 285F,1067-1O7'l
chromat in protein product ion,  1 074
chromosome dupl icat ion,  1 054,  1 067,

1068F,1059-1070
DNA replication, 284, 285, 1 067-1 069
histone synthesis, 289-290
label led cel ls ,  1059F
meiot ic .  1090. 1272
sister  chromat id cohesion,  1 070- l  071
t iming,  284,285
see o/so DNA replication

universal characteristics, 1 053
star t  ( restr ic t ion) point ,  1055, 1061, 1066, 1 105
t iming,  

'1056

see a/so Cell division; Cell growth; Cell
proliferation

Cell cycle conrrol, l77-178, 1050-1067, 1066F
ana lys is

animal  embryos,  1057-f  058,  1057F, 1058F
importance,  1053
mammal ian cel l  cul ture,  1059, 1059F
yeast  mutants,  1056-1057, 1056F, 1057F

cancer and, 1216-1217, 1243, 1244F
checkpoints,  505,  1 061

defects making cancer cel ls  vulnerable,
1216-1217

DNA damage, 303, I 1 O5-1 1 07
G2lM checkpoint , 1061 , 1062,1 066, 1 1 05
meiot ic ,  1281
metaphase-to-anaphase t ransi t ion,  1 061,

1066,1071
spindle assembly checkpoint ,  1088, 1088F
start (restriction point), 1 055, 1O6t , j066,

1  1 0 5
cyclical proteolysis, 1 064, I 065F, 1 0667

APC/C see Anaphase promoting complex
(APC/c)

SCF enzyme complex, 1 064, 1 065F
eucaryot ic  s imi lar i t ies,  1 056
funct ions,  I  060-1 061
intracel lu lar  t r igger ing of  cel l -cycle events,  DNA

replication, 1 057-1 059, 1 068F
molecular /b iochemical  swi tches,  1 061,

1 065-1 066, 1 075
regulatory proteins, 1 0667

Cdks see Cyclin-dependent kinases (CDKs)
cycl ins see Cycl in(s)
E2F proteins,  1 103-1 105
inhibitory phosphorylation, 1 063-1 064
p 5 3 a n d . 1 1 0 5
Rb proteins,  I  104-1 105,  I  l04F
ubiqui t in l igases see Ubiqui t in l igase(s)
see olso specific proteins

resetting, I 069
as t imer/c lock,  1060, 1061 F
transcr ipt ional  regulat ion,  l065,  I  104,  1 104F

Cel l  death
apoptotic 5ee Apoptosis (programmed cell

death)
cel l  number and,  I  1 02
defective in cancer, 1215-1216
neurons,  1 389-1 390

see also specific types
Cell determi nation, 131 1 -1312, 1312F

combinatorial control, 465-466
Cell differentiation. 41 1. 454-477

cancer and, 1215-1216
common processes,  412
differing response to extracellular signals, 41 5,

464
DNA rearrangement, bacterial phase variation,

454-455,455f
genome constancy, 41 1 -412, 413F
patterns of gene expression, 41 2, 464-465, 464F,

465F
see o/so Combinatorial control

protein differences, 41 2
specia l izat ion,  41 2
terminal ,  1 103
see o/so Developmental genetics; Gene

expression regulation
Cell diversification, role of Notch, 1362
Cel l  d iv is ion.  1053. 1055F

asymmetric, 1 099, 1 099F
C. elegans embryo, 1 323-l 324, 1323F
oocytes, I 289-1 290, 1 289F
plant development, 1 400

cell death balance, 1 1 02
cel l  number and,  1 1 02
control, 1 1 Ol -1 1 1 2

densi ty-dependent (contact  inhib i t ion),  1 1 10,
1 1 1 0 F

DNA damage response, 1 1 05-1 1 07
mitogens see Mitogen(s)
see olso soecific factors

coordinated growth and division, 1 t O8-1 1 1 0,
1 1 0 9 F

cytoskeletal role, 966-967, 967 F
delay, I 1 03
density-dependent inhibition (contact

inhib i t ion),  1 1 10,  1233-1234
l imi ts.  1059. l lOT

density-dependent, I 1 1 0, 1233-1234
see o/so Replicative cell senescence

plane of, 1095-1097
p lan t ce l l ( s ) , 1195
stem cel ls ,  1425
total  cel l  mass contro l ,  1 1 I  1-1 1 12
see olso Cell cycle; Cell growth; Cell proliferation;

Cytokinesis; Meiosis; Mitosis
L e i l  o o c r f l n e . 5 / 9

Cell extracts ihomogenates ), 51 0, 5 1 2
Cell fate determinants, asymmetric cell division,

1 099
Cell fractionation, 51 0-51 2

cell-free systems see Cell-free systems
cei l  rvsts.5 tu
chromatography, 5 1 2-5 I 4
electrophoresis, 5 I 7, 5 1 8E 521 -522
macromolecule/organel le separat ion,  51 0-51 1,

5 1  1 F
mitochondr ia,  8 l  7F

ul t racentr i fugat ion,  5 l  0-51 1,  51 0F, 5 I  I  F,  5 1 2F
see d/io Protein analysis

Cell-free systems
biological  process reconstruct ion,  511-512, 516
cel l  cycle analysis,  1 058,  1 058F
cell fractionation, 5 1 6
vesicular transport study, 7 52, 7 52F

Cell growth, I 053
anchorage depen dence, 1 175-1 176, 1 175F
con t ro l ,  l lO l - 1112
coordinated growth and div is ion,  1108- l t10,

1 1 0 9 F
organ growth, 1 108
organism growth,  1 108
see also Cell cycle; Cell division; Cell proliferation

Cel l  homogenate(s) ,  510,  512
Cel l  junct ion(s) ,  1 1 31-1204

anchor ing junct ions,  1 132,  1 132F, 1 133-1150,
1 1 3 3 T , 1 1 3 5 7

cel l -cel l ,  1 132,  1 133-1 150,  1 133T, 1 1357
adherens junction see Adherens junction(s)
desmosome see Desmosome(s)
immunoglobul in superfami ly,  1 1 45,

1146-1147
se lec t i ns ,1145 -1 f46
select ive adhesion,  1 |39-1 I40,  1 139F,

1  140F
select ive assortment,  1 140-1 141,  I  140F,

1141F,1142F
signal ing,  1 145

see d/so Cadherin(s)
cel l -matr ix ,1 1331 1 1351 1169-1178

act in- l inked,  1 133T, 1 134,  1 I  357
foca ladhes ions , l l T0
hemidesmosomes see Hemidesmosome(s)
see d/so lntegrin(s)

intermediate f i lament at tachment,  1 1337
see d/so Cell-cell adhesion; Cell-matrix

adhesions
channel-torming junctions, 1 1 32, 1 1 32F, 1 1 33T,

1158 -1154
gap junct ion ree Gap junct ion(s)
plasmodesmata,  1 158,  I  r62-1 153,  1 163F

epi thel ia l ,  1 1 33-1 1 35
see d/so EDithelia

tunct ional  c lassi t icat ion,  1 I  32,  1 1337
homophi l ic  ys.  heterophi l ic ,  I  137,  1 138F
occluding junct ions,  1 132,  1 132F, 1 133T,

r r50-r r58
septate,  1 154-1 I  55,  1 154F
t ight  junct ion see Tight  junct ion(s)

s ignal-re laying junct ions,  1 132,  1 132F, I  l33T
chemical synapse see Chemical synapse(s)
immunological  synapse, I  132
transmembrane s ignal ing,  1 132,  I  I  337

transmembrane adhesion proteins, 1 134-1 135,
1 1 3 4 F , 1 1 3 5 7

cadherin superfamily, f 1 33-1 I 50
immunoglobul in superfami ly,  1 1 45,

1146-1147
integrin superfamily, 1 1 34, 1 1 45, 1 1 46,

1169-1178
selectins, 1145-1146
see a/so Cell adhesion molecules (CAMs);

specific types
see o/so Cell adhesion; Extracellular matrix (ECM);

specific types
Cel l  l ines

eucaryotic, 505, 5067
hybrid cells, 509F

see o/so Hybridomas
immortal, 504F, 505, 5061 1059
primary ys. secondary, 504
transformed. 505. 5067
see o/so Cell culture

Cell-matrix ad hesions, 1 1 331 1 134, 1 134F, 1 135f,
1169-1178

act in- l inked,  I  l33l  1 134,  1 1357
CAMS,  11777
f ibronect in and,  1 191
hemidesmosomes see Hemidesmosome(s)
see a/so Cell-cell adhesion; Cell junction(s);

Extracellular matrix (ECM); Integrin(s)
Cell-mediated immune responses, 1540,

1 540-1 55r, 1 540F, 1 559-1 589
intracel lu lar  pathogens,  1 572
transplantation reactions, 1 575
see also MHC (major histocompatibility

complex); T cell(s); T cell recepto(s)
Cell memory, 454,458, 458F,466

see o/so Cell differentiation
Cel l  migrat ion

developmental, 1 1 40, 1 1 40F, 1373-137 5
ECM degradation , 1193, 1194,1194F
external signals/guidance molecules, 1 045, 1 1 40
gut epithelial cells, from crypts to villi, I 440F
In l eonnsano .  I  t / u - t  t / l
neuional ,  1 385F
see o/so Cell motility/movement

Cell motility/movement
in animal  development.  1 363-1378

see olso Cell migration; Development
contr ibut ion of  myosin l l ,  1039F
crawl ing see Cel l  crawl ing
microscopy,533
protrusion, 1 037-1 038, 1 039F
traction, 1 040-1 041 . 1 041 F
via actin polymerization, 1037-1039

Cel l  number,  1102
Cel l  p late,  1097
Cell proliferation, 1 053

abnormal signals, cell cycle arrest, I 1 07-1 I 08
anchorage dependence, 1'l 7 5-1 1 7 6, 1 17 5F
cancer cel ls, 1 1O7 -1 1 Oa, 12'17

DNA tumor virus proteins, 1248,1249F
see a/so Cancer

coordinated growth and division, 1 I 08-1 1 I 0
densi ty-dependent inhib i t ion,  1 1 10,  1 1 10F
integrins and, 117 5-1176
l imi tat ion,  te lomere length,  293
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requirements, 1244, 1245F
scaffold proteins and junctional complexes,

1 1 5 3 - 1 1 5 5
total  cel l  mass contro l ,  1 1 1 1-1 1 12
see olso 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, 1 436-1 438, 1 436F, 1 439
see d/so Regeneration; Stem cell(s)

Cel l  senescence
macrophage scavenging,  787
replicative see Replicative cell senescence
telomere shortening, 293

Cell signaling, 879-974
all-or-none response, 901
general principles, 879-903
see olso Cell communication; Signaling

molecule(s)/pathway(s); Signal
transduction

Cel l  s ize.  contro l .  1 109-1 1 10
Cel l-surface recepto(s), 891 -895, 893E 894F, 936F

enzyme-linked, 956, 958F
G-protein linked see G protein-coupled receptors

(GPCRS)
intracellular receptors ys., 881, 881 F
ion-channel- l inked see lon channel(s)
in NFr<B pathway (Toll family), 1530
olants.956-960
see olso individuot types

Cel l  surv ival
integr ins and,  1 175-1 176
regulation of hemopoiesis, 1462
see a/so Cell death

Cel l  suspension(s) ,  mixed,  502
Cell transformation assay, for oncogenes, 1 232
Cel lu lar  interact ions,  mathemat ical  model l inq,

35-36,  35F
Cel lu lar izat ion,  1099
Cellulase, protein structure, 529F
Cel lu lose

control  ofor iented plant  cel l  expansion,  1406
microf ibr i ls .  1 197-rr98.  1 198F

cross- l ink ing glycans,  1 196,1 198,  1 198F,
I  1997

direction of growth and, 1 1 99-l 200, 1 1 99F
structure,  1197, 1197F

plant cell wall, 1 1 80, 1196, 1197-119a, 1198F,
1 1997

microtubules and deposi t ion,  1200-f  202,
1 200F, 1 201 F

Cellulose synthase, 1 1 99-1 200, 1 201
Ce l lwa l l ( s )

p lant  see Plant  cel l  wal l
procaryotes, 1 4, 1 490F, 1 527

cENP-A. 230-231. 232F
Central  dogma, 33 1
Central lymphoid organ, 1 541 F, 1 543, 1 543F
Central nervous system (CNS)

apop tos i s ,  l l 15 -1116
ear ly embryonic or ig ins,  1367F
progenitor cells, 1 386F
protein aggregation vulnerability, 397
rcoat,1479
see dlso Nervous system

Central spindle stimulation model, 1096F, 1 097F
Centrifugation techniques, 5l 0-51 1, 51 0F, 51 1 F,

> t 2 l

molecular weight determination, 522-523
sedi mentation coefficient, 511 , 522

centriole(s), 993,993F, 107 6, 1076F
replication, 1 078, 1 078F
zygote, 1 30l, 1 301 F

Centromere(s), 22A-23O
chromatin structure, 231 -233, 231 F

heterochromatin, 228-229, 232F
histones, H3 CENP-A variant, 230-231, 232F
memory c i rcui ts,  231,  233F
see a/so Chromatin

chromosome replication, 209-210, 210, 210F,
1076,1076F

DNA sequence, 21 0, 229-230
plasticity, 229-230, 230F
structure, 229-230, 229F

Centrosome. 1 07 6, 1 07 6F
center-seeking behavior, 996F
composi t ion,992
dupl icat ion and spindle assembly,  1078, 1078F,

1079
maturat ion,  1079
microtubules emanating from, 992-996, 993F
reorientation, in cell locomotion, 1046
'search and capture'of chromosomes, 1 082,

1 084F
Ceramide, biosynthesis, 7 44-7 45
Cerebral cortex, 1 386F

homunculus,  1 391
neuronal  migrat ion,  I  385F
somatosensory region, 1 392F

Cervical cancer. 121 1 -1212. 121 1F
Cesa (cellulose synthase) genes, 1 1 99-1 200
Cesium chlor ide gradients,  51 1
CG (CpG) islands, 434, 47O-47 1, 1 527

DNA damage, 300-301, 470
evolution. 434.470
role in innate immuni t ,  1530

CGN see Cis Golgi network (CGN)
Ch4 elements,  3 l  8T
Chagas'd isease,  1 509
Chain- terminat ing nucleot ides,  DNA sequencing,

550
Channel-forming ju nctions, 1 1 32, 1 1 32F, 1 1 331,

1 1 5 8 - 1 1 5 4
see olso specific types

Channel protein(s), 652-653
conformat ional  changes,  653F
passive transport, 653, 654F
see also lon channel(s); specific types

Chaoerones
bacter ia l ,  GroEL,390F
eucaryot ic ,  388-390, 390F,7 15,  7 16F,7 17
mitochondr ia l  protein import ,  7 1 5,  7 1 6-7 1 7,

716F
protein folding role, 1 30-1 31, 388-390
see olso soecific molecules

Charcot-Marie-Tooth disease, 1 048
CheA, 943, 944,944F
Checkpoints in cell-cycle see under Cell cycle

contro l
Chemical biology,527
Chemical bonds, 46-50, 48E 1 06F

electron interactions, 46-47
energy carr iers,  61,  69F

see o/so ATP (adenosine triphosphate)
Chemical  groups,  107F
Chemical reactions, free energy, 75F
Chemical synapse(s), 682, 684

acetylcholine receptors, 684
cel l  s ignal ing,  882
excitatory,6S4
inhib i tory,5S4
mechanism of  act ion,  683F
see a/so Neuromuscular  junct ion (NMJ);

Neurotransmitter(s)
Chemiosmot ic coupl ing,  81 3-814,  814F

ATP production, 81 7-81 9, 81 9F
see also AfP synthesis

bacterial. 839-840. 839F
see d/so Electron transport chain(s)

Chemokine(s) ,  1533-1534, 1550-1551, 1550F
in inflammatory response, 1 453-1 454
proteoglycans and,  1 183
receptor, HIV binding, 765F

Chemoreoulsron,  1140
Chemotaxis.1045, I  140

bacterial, 941 -945, 943F, 945F
growth cone guidance, 1 388, I 388F
neutrophils, 1045, 1045F

Chiasma formatio n, 127 4, 127 4F, 1276, 1276F
Chick embryo

l imb  deve lopmen t ,  1312 -1313 ,  1313F ,  1355
see a/so Limb buds (vertebrate)

neural develooment, 1 384F
somites,  1372F

Chickenpox virus, 1 516-1 517
Chimeras, mouse, 1 380, I 380F, 1 381 F
Chimeric proteins, transcription activator proteins,

M2F
Chimpanzee(s), evolutionary relationships, 247,

247F,248F
Chkl  protein k inase,  l  105,  1 106F
Chk2 protein k inase,  1 105,  1 106F
Chlamydia pneumonlde, I 500, 1 500F
Chlamydio trochomatis, 1511F, 1512F, 1513
Chlamydomonos, flagella, 1 032, 1 033
Chloramphenicol, 384, 3857
Chlor ide channels,  666,  67 3,  67 4F
Chlorophyl l (s) ,848F
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photochemistry, 847-848, 848F, 849-850, 849F,
850F

see o/so Photosynthesis; Photosystem(s)
see a/so Chloroplast(s)

Chloroplast(s), 30F, 840-855
bacterial resemblance, 857, 863
I  barrel  proteins,635
biogenesis, 856, 856F, 867
biosvnthetic reactions, 855
cell-free systems, 51 1
development, 698,699F
distr ibut ion dur ing cytokinesis,  1098
electron transport see Photosynthetic electron

transport chain(s)
energy interconversions, 842
evolutionary origin, 29, 31F, 840-841, 859-860,

874,875F
endosymbiont hypothesis, 859-860, 863-864
maintenance, 868-870
organelle-nuclear gene transfer, 859-860

funct ion,696
genetic system, 868-870, 869F
genome,855-870

copy number,858
diversity, 8571 859
evolution. 859-860, 868-870
genes,863,864F
gene transfer, 864
higher plants, 863-a64, 864F
introns, 863
l iverwort ,864F
maternal inheritance, 866, 866F
mutants,867
replication, 35S
variegation and, 866, 866F
see o/so Non-Mendelian inheritance

glycolysis, 854-855
growth and division, 857-858
l ip id synthesis,867
mitochondria vs., 842-843, 843F
nuclear-encoded tissue-specific proteins, 867
photosynthesis see Photosynthesis
protein import, 7 19-7 20, 7 20F
protein synthesis , 856-857 ,856F, 869F
starch granules, 94F, 95, 841, 842F
structure, 7 1 3F, 842-843, 842F, 843F
transport, 854-855
see o/so Chlorophyll(s)

Chloroq uine, P/o smodium falci parum resistance,
666

Cholecystokinin, in enteroendocrine cells, 1 437
Cholera toxin, 629,906, 1 492, 1 493, 1 504
Cholera, transmission, 1 491
Cholesterol

biosynthesis, 83F, 7 43, 7 44-7 45, 791
membranes,620,  623
structure, 620, 620F, 62OFF
transport see Low-density lipoproteins (LDLs)

Chol ine,  1 14F
Chondroblasts, ECM production, 1 1 79
Chondrocytes, 1 468-1 469, 1 469F
Chondrodysplasias, 1 1 87
Chondroitin sulfate. 1 1 79, 1388
Chondroma, definition, 1 206
Chondrosarcoma, definition, I 206
Chordates, 1 370
Chordin. 940.1336
Chromatids see Sister chromatid(s)
Chromatin, 202,365F

chromatin assembly factors (CAFs), 290
condensation, 243, 286, 288, 1 07 0

see o/so Chromosome condensation;
Heterochromatin

euchromat in,220
heterochromatin 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 olso Chromosome structure; Genome(s);

Nucleosome(s)
Chromatin assembly factors (CAFs), 290
Chromatin remodef ing, 215-216, M2-443,443F

"barrier sequencesi 227 -228
'tode-writer enzymei 226-227, 227 F, 228F
compf exes, 21 5, 21 5F, 343, 344
histones, 216,216F, 432, 433F
nucleosomes, 21 6, 432, 433F
position effect variegation, 226-227
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RNA interference (RNAi), 443
RNA polymerase(s) ,433
transcr ipt ional ,  repressor protein-mediated,  445,

446F
Chromatin structure, 211 -21A, 21 1 -2'19

30n m f iber,  21 1 ,  21 lF,  212F,216-218, 217F, 218F,
222

see d/so Histone(s); Nucleosome(s)
"beads on a str ing,"21 1,  211F,212F
centromeric see Centromere(s)
direct inherita nc e, 230-234, 232F
dupl icat ion dur ing S phase,  1069-1070
effect on replication timing, 285-286
epigenet ics,4T2
histor ical  asDects.  220
inheritance, 473-476

see d/so Heterochromatin
i nterphase, loops, 234-236, 235F
mitotic chromosomes, 243, 243F, 245
regulat ion,2l9-233
see d/so Chromat in remodel ing;  Chromosome

structure
Chromatography, 51 2-51 4, 5 1 3F, 534F

see d/so Protein purification; specific types
Chromocenter, Drosophilo polytene chromosomes,

237F
LnromoKtneStnS, tu, / /
Chromomeres, 234,235F
Chromoplast(s), development, 699F
Chromosomal crossing-over see Homologous

recombinat ion (crossinq-over)
Chromosomal instabi l i ty ,  1 21 7

see d/io Genetic instabilitv
Chromosome(s), 1 95-l 96, 2O2-2O5, 554F

aberrant  see Chromosome abnormal i t ies
a na lysi s, 1 95 F, 1 96, 1 96F, 202-203, 203F, 203F F,

237FF, 285F, 534, 535E 590F
see olso specific techniques

autosomes, 1271.1284F
bacterial, 202, 282, 283F, 1 491 F
biological  funct ions,  204
evolution. 207 ,208F
gene content, 204-205, 204F

see a/so Genome(s)
historical research, 195-1 96, 196
homologous see Homologous chromosomes

(homologs)
human, 202, 203F,203FF

chromosome 3 evolut ion,  208F
chromosome 1 2 t ranslocat ion,  204F
ch romosome 22, 205F. 206f
evolution, 207, 208F
gene organizat ion,  205F
mouse vs, 249-250,249F
repl icat ion or ig ins,  287-288
replication rate, 283
see d/so Human oenome

lampbrush ch romolomes, 234, 234F, 1288
mitotic see Mitotic chromosome(s)
packaging,  1 069

DNA, 202-21 8. 202-219
post-mitotic chromosomes, 1 090
see d/so Chromatin; Chromosome

condensation; Chromosome structure
polytene chromosomes see Polytene

chromosome(s)
pufts, 220-222, 239, 239F

see c/so Polytene chromosome(s)
rearrangements,  I  231

see d/so Chromosome abnormalities; specific
reorrongements

repl icat ion see Chromosome repl icat ion
sex chromosomes see Sex chromosome(s)
species differences, 204 -205, 205F
structure see Chromosome structure
see d/so Cytogenetics; Karyotype; individuol

cnromosomes
Chromosome abnormal i t res

analysis see Cytogenetics; Karyotype
cancer, 1 2 l 5F, 1231, 1254F
meiotic errors, 1 27 A-1279
see also specific types

Chromosome bands,  202 2O3, 2O3FF, 237FF
Chromosome condensation, 243, 244F, 1 07 SF

ATP hydrolysis,243
cell cycle variatio n, 208-209,208F,209
chromatin condensation, 1 070
chromatin packing, 243, 244F
condensins see Condensin(s)
M-Cdk ro le,  1071

X-chromosome inactivation see X-inactivation
see d/so Mitotic chromosome(s)

Chromosome delet ion
ca ncer role, 235F, 1 234-1 236, 1 236F
genome evolution, 246-247

Chromosome dupl icat ion
centrosome dupl icat ion vs,  1078
S phase of cell cycle, 1 054

chromat in dupl icat ion,  1 069-1 070
regulat ion of  1 067,  1 068F

Chromosome puffs, 220-222, 239, 239F
see o/so Polytene chromosome(s)

Chromosome replication, 208-209, 209-210, 209F,
210F

centromere, 209-21 0, 21 0, 21 OF
chromatin condensation and timing, 285-286

see o/so Chromosome condensation
control see Cell cycle control
dupl icat ion dur ing S phase of  cel l  cycle,  I  054
repl icat ion or ig in,  209,  210F
segregation during see chromosome

segregation
sister chromatids see Sister chromatid(s)
structural  changes needed, 1067
telomere,  210,210F

see a/so Telomere(s)
yeast, 2 I 0
see a/so Cell cycle; DNA replication; DNA

synthesis;  Mi tosis
Chromosome segregation

meiot ic  (homologous chromosomes),
1276-1278

failure (nondisjunction), 1 236F, 1278-1279
mitotic, 865, 865 F, 1 089-1 090, 1 089F
see o/so Meiosis; Mitosis; Sister chromatid(s)

Chromosome structure, 554F
cel I cycle chan ges, 208-209, 208F, 209, 243F

see olso Cell cycle; lnterphase chromosome(s);
Mitotic chromosome(s)

centromere see Centromere(s)
chromat in see Chromat in
DNA packagin g, 202-21 8, 202-219
global  (h igher order) ,  233-245

chromatin 5ee Chromatin
condensation see Chromosome condensation
loops, 234-236, 234F, 235F
polyteny see Polytene chromosome(s)

l inear,  209-2 1 0,  209F,210F
replication and, 209, 210F, 1 067

see o/so Chromosome replication; Replication
or ig in(s)

telomere see Telomere(s)
X-inactivation see X-inactivation

Chromosome translocat ion,  528F
cancer ro le,  1 261

Phi ladelphia chromosome in CML, 1208,
1208F, 1261, 1261F, 1262F

translocation activating Myc gene, 1239
chromosome 12 and,2O4F
DNA repair ,  homologous recombinat ion,  309
genome evolution, 246-247

Chronic myelogenous leukemia (CML),  1208, 1208F,
1210, 1218, 1261, 1261F, 1262F

Chymotrypsin, 138F, 1 44F
Ci l ia,  1031-1034

basal  bodies.  1033, 1033F
of epi thel ia l  cel l  apical  domain,  806
f lagel la compar ison,  1 031
in left-right asymmet(y, 1376F, 1377
microtubule arrangement,  1 032F
mo t i l i t y ,  1031 ,1031F
polarity, of beating in respiratory tract, 1 435F
pr imary,  1034

Ci l iary (axonemal)  dynein,  1031-1032, 1032F, 1033F
hereditary defects, 1 033

Ciliated cells, respiratory tract, 1434-1436
Ci l iates,  28F
Circadian clocks, 460-452, 461 F, 462F
Cis Golgi network (CGN) (intermediate

compartment), 77 1F, 772, 77 8F
Cisternal  maturat ion model ,  of  Golgi t ransport ,  778
Citrate synthase, 1 22F
Citric acid, 98, 98F, 122F
Citric acid cycle, 97 -99, 1 O2F, 817

electron generat ion,  8 l  7
pathway, 98F, 122-123FF, 122F, 123F

Clamp loader, 27 4, 27 5F, 27 6F
Classical  genet ics see Genet ics,c lassical
Class swi tching,  1 567-1 568

B cell activation, 482-483

V(D)J recombination vs., 1568
Clathri n coat(s), 751 ,754-755,7 55F,7 56F

see d/so Clathrin-coated pit(s); Clathrin-coated
vesicle(s)

Clathrin-coated pit(s), 743F, 790F
LDL endocytosis, 7 91 -792, 7 91 F, 7 93F
pi nocytosis, 7 89-7 90, 7 89F

Clathr i  n-coated vesic le(s) ,  7 51 ,754,754F,755F,
758F

adapt in,  756F
cargo receptors, 7 54-7 55
formation, 7 55-7 57, 7 56F
pi nch ing-off, 7 54-7 55, 7 56F, 7 58F
regulation, T95
structure, T55F
vesicular traffic, 754F

Clathrin, structure, 7 54, 7 55F
C laud ins ,  1153
CLAVATA 1,957F
Clavatal protein, 1 410, 1 41oF
CLAVATA 3,956,957F
Clavata3 protein,  1410, 1410F
Cleavage and polyadenylation specificity factor

(cPSF),  3s7-3s8,  3s7F
Cleavage furrow, 1 093, 1 093F
Cleavage stimulation factor F (CstF),

polyadenylation, 357 -358, 357 F,
482-483

Clonal anergy, 1 548, 1 548F
see o/so lmmunological tolerance

Clonal  delet ion,  1 548,  1 548F
see d/so lmmunological  to lerance

Clonal  expansion,  1 546
Clonal  inact ivat ion,  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 expression ,575,  575F
CLV1 (CLAVATA 1), shoot meristem, 957F
cLV3 (CLAVATA 3), 9s6, 9s7 F
Coactiv atot (s\, 445, 447 F
Coat coloration, maternal eftects, 47 4, 47 4F

see d/so X-inactivation
Coated vesicle(s), 7 51, 7 54

formation
ARF-proteins, 759
coat-recruitment GTPases, 7 59-7 60
Sar l  protein,759

vesicu lar  t ransport ,75l  ,7 54,754F
see also specific types

Coat-recruitment GTPase(s), 7 5a-7 60
see d/so GTP-binding proteins (GTPases)

Coaxial stack, RNA structure,403F
Cocci ,1490F
Cockayne's syndrome, 300
Code reader com plex, 225-226, 225F
"Coding problemi '367
Codons, 6, 367, 367F, 368F

Condida CUG codon, 383
initiation codon, 367F, 380, 489-491
mitochondrial genome, 861 -862
redundancy, 246-247
srop cooons,  3o/ t ,  361
synonymous, 247
wobble,369,369F
see a/so Anticodon(s)

Coenzyme A (CoA), 83-84, 83F,84f, 117F
see d/so Acetyl CoA

Coenzyme Q, 831,  832F, 835
Coenzymes, 167, 167f

see olso specific types
Cofilin (actin depolymerizing factor), 994F, 1001,

1 002F
lamel l ipodia,  1038F
nucleotide hydrolysis, 1 002

Cohesin(s), 1O7O-1O71, 1087 , 1272
N-terminal  degradat ion,  395
structure, I 070F

Coiled-coil motit 1 35, 135F,145,349F
Coi l in,  nuclear local izat ion,  365F
Co-immunoprecip i tat ion,  458,  523
Colchicine (colcemid), 987,988f , 1021
Col lagen(s) ,  1 1 31,  1 1 84-1 186,  1 186T, 1467

in bone, 1469
degradation, 1 1 94



uosupourof/aleouro) supau 54 :alqel e ol JaJal f e q]!M slaqutnu eDeo
1(;ant1n:asuot molloj leq] saJn6!j ot ll ue qltM /arn6r; e ol la1a.r I ue qllM sJaqurnu ebed :filua aql ]o uotssn)stp ya1 tofeu e o] laral a)erploq ur sraqulnu a6e6

g L6 
/aselalsatpoqdsoqd 

6yr19-:r1:i(1
1888'1BB ,ON ol asuodser

J L t 6' gl6- LL6'srolda)arotoqd
1 [6 /lauueq) 

*ep pale6-6y19->r1:(>
(dW9)) dW9 )t)^f

806'(lUf) lueuala asuodsar dWV-)rl)^f
J LO6' 906'saseralsarpoqdsoqd 6yr1y->r p>{1

JLO6' 906-sO6'uor1epe.r6ap pue srsaqlu[s
1806 

'806'V)d 
ro uorle;n6al

906-S06'utaloid D'uor1e;n6a.r
1696 

'i{q uorlenrl>e auaO
/ [6 

'slauueq) uorle: pa1e6-6y1y-tr1ti(:
€0s t ,uotl)e utxol lPual)eq

iLo6'rso6' 6o6-so6'rLt t'iltigrl ayuv )||rx,
J9 L 

'ajrl 
Jo aarl ul

0'g tlZS,srsaqlulsoroqd
S LA-E La'a:u etrlu6rs {teuorlnlona

eual)eqoupAJ
ygg'6urpurq aseprxo auolqloy{>,aplue,{3

f LgS' LgS'alua)sa.lonU g^J
JL9S' LSS'a:ua>saton;; g(;

l90s t 
'90s 

r-90s L 
',918 

r ',ru)xf
suosodsuetl (;uo-VNC os/p aas

l0Z€ !6 L € 
'uorlrsodsuell alsed-pue-in]
arntln) llol aas slla) ,aJnllnJ

JZS6'196 'urotord (tf) snldnltalur snltqn)
lZ6t t'a6eqdoualreq OXff

1769 ;'uor1eln6at 1;ar-1'urarord y-y111
z6s l- l6s L'6urpurq 19'yy111

zbt-wt '11 aserauA;od VNU'(CD) ureutop leutullal-J
lOlt'ularord lflf

€8V-ZgV ' 
! LSE' gS€.- LS€.'(l iolleJ uorlelnulls a6eneapl 3ts3

^qdel60llels^il ̂et-y aas (er-y

z19- t t9 'uorllala
(qder6o11e}stu;

979'sulalotd'uorlezr;;e1s{.r;
JtWl't9t7l /9€tt'aurlsalur 

lletus io,s1d{t3
lgzS t 'sueqra6uel 

;o s1d{r1
t96'aLuorqlold^lf

ISS€ 
'SS€ 

!79g 
'7gg 'sleu6rs 6ur>r1ds trld(r3

7E71 
'surprd,(r3

0 L9 '^dolsol)tLri uorltalao,(l1
tLilL'gstL '^]uelod 

lpseq-o)rde ;ellaqtlda,xaldu-rot squ.rn.rl
O€G'seseurl dVhl uaamlaq uorluanard,)le]-ssol]

suorltunf (epr1;og aas a6ueq:xa puplls-ssol)
?8S I 'uorleluasatd ua6rlue ,uorleluasatd ssotl

(rano-6utssoll)
uorleu tqurolal sno6o;or.uo1-i aas tano-6ursso.r;

JL6t.' l6t'sluaulelu elaq-ssorf
tossatda: epqup'l osl, aas

tBSV'ggv-LSb 'llan'JUL'Zt 
L 'rossardar or]

969 I 
'pouad 

1e:r1rr1
96L ").H sDUPll ,l)il)

86F.- L6t'(C f)) aspasrp qo)er-lplajzinarf
WnL'gbt t ,g9S-L9S,ua1s{s xo17ar1

JJ€.951'299t'saua6 ^poqtlue ',suoxa uorbar I
1806'806'(d8l) urarord 6urpurq-9393
1806'806'(u!alord 6urpurq-3g11 g3g3

'uorlpzrrerads 
lselqo,rr,"r.r'1J.f&oqd aurlearl

806'ouaurala asuodsar dU\JV )ll)^f) lU)
37gE 1 'er16ue6 i(tosues letupl)

lls€ 
'85€-l9t '(rotreJ

llDrI:ads uolie;i(uape,{1od pue a6enealt) 1563
1 19y'uorssardxa aua6 utqolg-d,ldf

spuelsr (Ddf) 93 aas s;rlou 9d3
sad/fi

,r/rads :uotle)utpoul leuotlelsuet]lsod osp aas
l_9gt 

'Zgl-9gl 'sutalold 
Jo uorlelutpoul luale^ol

sadll pnp^!put osp aas
Jt6 

'29- 
19 'ralsar poqdsoqd

l€6 
'19 'spuoq aprrp,iqueoqdsoqd

196 
,sar6laua puoq

aleqdsoqd
rgt "s spuoq ltuol

" 
''*';fY"f1""ffi13

i€5'6?-81'qr6uarls Puoq
lts'8t'rll6ual puoq

190 t I ts'J)s'09-8V' LV'spuoq luale^of
6urldnot uot]leau aas suotllpaj paldno3

gtg L 
'uotleltl)e arl)oqdul^l

L1S I isllel )tlupuap
pue6rl gy61 :suralotd 7g oslo aas

l€6s r
LLSl'tLSt !ZtS L 

'sllar 6urluasard-ua6r1ue

I t:l

slPU6rs fuolelnurrlsof
L96',uralolo zlPlso]

I l6g'.roloa)aJ
€9?'uollelnbal uolssaldxa aua6

1688 
'688 '€9t 'los!uo)

lE08'(HlfV) urdorlolruo)
100€ L 

'oo€ 
I 

'662 
! 

'uorl)ear 
le)ruo)

Jgng' LV9'6uruorlrl.red aueJqueur'(s)lerol
l96t L 

'SaSnr^PuoroJ

rqw L' grn l'srseua60r6ue'iorrnt leauro)
azrel/\l aas uro)

(suort)pralur uratord) ̂lr^rleradoo) oslD aas
JSSV 

'6SV-8gn 'asn-LSn 'JLVb 'S?? '(s)iossardarof

ItSSt l-089t't8St-089t'lla) f 
'rolda)ar-o]

169Z' 09Z-65Z'uorln lo^a auoue6
8SZ 

'uorlerJeA raqurnu ̂do)

rLsL'tsL')6sL'rbsL'rrr'(')t"toi:"i1""T."i:r":33
!hsL'n9L'!s1,(s)el)rsa^ paleo)-ldof

J99Z'9SZ 
'urqol6ouaq

9 lz'jv La' E LZ'\to! uorlelrldar vNc
uorle;nbat lrJolsollV oslD aas

JS Lt 1n Ll',tELL'V Lt-E LL',suorlrsuert lualsolle
(suorllerelur urelord) iQrrrletadool

lStS'l.LS'6ururels uralord'anlq arsseuoo)
169€ t 

'89€ 
I 'uotsualxa luaOla^uo)

srsaurloy{3 aas 6ur-r ap1:e.r1uo1
sluaurelu url)e/ur])v os/D aa5

ll00 t 
'100 

L-900 L 'salpunq alrl)erluoJ
Jb€zl'EEzl !0tt t'0t.t L'uorrrqrqur l)eluo)

88€ t-1.8€ t '0t 
I L 

'a)ueprn6 lletuo)
uralord rolda)al q)loN 1(s)uuqdl oslp aas

I L8g' t89'6ur;eubrs ruapuadap-1re1uo3
srsol^)oxl oslD aas

I t0g '009 ,{emqled ,{ro}el:as a^unlt}suoJ
1099 t !6S9 t 'ureqr (neaq 61 'ureulop luplsuoJ

JSOZ' LOZ'^ualu^s pa^rasuoJ
fgeE' gZE-gZt'suotleltlddp >rua6suetl

JSZ1' j7at'tZ€'luaula6u eirear VNC alqrsra^al
9ZE-SZE 'ursrueq)au 

loJluo) aua6
nZE '9 

LE'uo!leurquro)ai :r;r:ads-alrs aArlen resuo)
uotreAtasuo)

ifu euorlnlon3 aas ft euollnlone'uotle^iasuo)
$ff 

' 
6V€'sleu6rs 6ur)rlds

lZt€ 
'salts 1le1s asetau{1od ylg

lg€€'6€E 955'sluaura;a talourord
JLSt' LSE's;eubrs uorle;,(uape,{1od

sa)uonoas Snsuasuo)
l09l l'191 1-691 l'suoxeuuo)

06et !09t1't9l 1-69t 1'surxruuo)
t9 t t 

'92-urxeuuo)

erlaqlrol os/D aas
(wJl) xr.ileul telnlleleilxl os/, aas

0Lvl-89vt'a)uanuur uorlerluaraJJrp lla)
s6 L t-gl I I 'xutPLu relnlla)ellxa

(s)ua6ello) aas uebe;;or
sadft ilD pnpt^tpu! osp aas

llgtL 
' 
LgV | 'sed(t

0Lv l-89b | 
'uotletlualaJJtp

JLgb t 'n 
LVL-Lgt L 

'slla)

eururel leseg aas pue eutuel leseq
tgLL L'JZt l |, L€ I [,ansstt a^t])auuo)

t56Z'sl)arap Iedai vNC'ftrleurouqe leltua6uo]
?€?-€€t'rossardai upqdoldfit

lgob'lol'sewtzoqt)
g6t'JL6E '(did) uralold uoud

JZLI 'tI t'(uorlrqrqur l)pqpaal) Ppqpael anrle6au
6 L0 t-9 t0 L'(s)uralord rolor.u

1899 
'(s)jauueq) uol

JZ Ll I'ZLl J-OLIJ'suu6elul
LLE'ltgt't8 L-Og t 'rol)e1 uorlp6uole nf-ll

8E L I 
',suuaqpe)

uorleln6ar )ualsollV aas uorle;n6at )ualsolle
sa6ueq) leuotleuloJuo)

)269'f L65'Z6S-06S'{dorsot:ru.r le)oJuo)
I t65 'ado)soJ)rrlr 

leloJuo)
JZt V I' Ztb L'(srolda)a.loloqd euo)) sauoJ

tLS}l 
' 
LSOI 

'JLSS ' LSS 'aAtltsues-atnleradu.ta]

lgzs'uotlelnul leuotltpuo)
S tOt'JSVZ'Jnne' €nZ,(s)ursuapuoJ

179'99'ste6ns
158'18-t8,(uorlPzuaLU^lod
alnlalouor)eu) suotlfeai uo!lesuapuoJ

uotlesuapuof
aurosourolqJ aas saulosouloiq)'uotlesuapuo)

559'luarper6 uortelluaf uo)
E9S 

',Slrerl xalouroJ
JV L L'S LL-€, LL'(s)apueq)leso6rlo xaldLuof

881'alor'srsolIlo6Pqd

J6ZS L' 6Z5 l'xalduor l)elle auerquaur
l6zs L 

'sllal poolq par ur suorsal
l6zs t 'stuauodrJo) atel

rlsS [ 
'uolle^rl)e Dl

gZS t 'slueuodulol ̂Uea
JSZS t' 6ZS L_qZS L,ape)se)

6asL-8ZSL'etf pue q€)
8ZS L /uorle^rDe 

€)
1965t'9651'ZSSt-LSSt'Alrunurur anrldepe

lSzs t 
'5zs 

t-8zs I 'uorle^rl)e

ZIS t 
'ulatsls luar,ua;duol

969 1. 
'xa1du.ro: .roldalar-ol 6urpurq-luar,ua;d r-uo1

gss 'lgzs 'slsel uotleluaualouroJ
lSzs'uorleluauralduro)

VNCr aas VNC {te1uaualduo3
!LLZL'ZLZI-JLZI'pue uotl)npoldar lenxas

JN6EI 'n6t 
L-€68L'r(rolural rrldeu,(s roJ suoxe uaaMleq

uorlrlaouo)
sluaurueouro) lelnlla)pllul aa5 lelnlleleilul

ts€ ]-€s€ t 
'zs€ 

I 
's)srp 

;eu r6eur ;o
toz-s69'llal lo uo!lPzrletueurueduo)

lzs€ L '99€ t-z9t l. '(s)luaurlreduol

)LVZ' LV('uorleaif aaJl )tleua60llqd
I I €t 

't 
€t 

'6urluudloo; :r1aua6o;,{qd
l6t. 

/asnou s^ ueurnq
tgr(' Lnz'aazueoulq) s/ ueurnq

ogz-gvz' Loz'zz's)truoua6 a^rleteduol
t6tz L' 6t z l'uorle)rrrluepr lla)

rnournl'(Hgf) uotleztpuq^q lturoua6 a^tlpJeduro)
t lZ-0[Z'6ur6e)ired VNC'orrer uot]leduo)

)6LEt' 6 LE L,uorl)eduroJ
J01tL 

',auoq l)eouo]
298 lolsalue ^leuotlnlo^e uoululoJ

8[SI plo] uor.ur.uo)
69g 1 'uralotd ssalalnssil.uruo]

lg8€ t 'gg€ 
t 

'(s)uoxe 
lelnsstu.lruo]

l0z8 
'uorlsnqiuol

s6n-b6v '(VNUlur) 
VNUor)rur'uor1e;n6ar leuoleutquro)

€9S t 'sureqr i(poqrlue'uotle)trtsta^tp leuoleutqulo)
1OSV'OSV-6nb' uotler6alut ralouoJd

ttszv'#zn'szn-tzt'uotlezuar!tpoJaleq
J6rb' OSV-gbb' eua5 ary o1 t qdosotg

lf Lnn' Lbb'uorleuro; xa;duot
JSgn 

'SgV-VgV ',uorlerluaraJJr p I la)
99?-Sgt'uorlPurutalap lla)

9Zt'lorluo) lPuoleutquloJ
L9 L L-Os t t'tg. t'e!laqtrda rpuunlo1

IZS€ L ' 9SZ L-VSZ l' aSZ L-OSZ L'uorsser6ord ur sdels
)ssa I'ssz L'suollelnul jo a)uenbas

'SZL '156Z 'LLZ'sDe]€p )tedar q)]eurstu
992[ ^rlauaooraleq

gtb I' LSe l' €sz L- Lszl'salltleurouqe )rlaue6
Z9Zl-lsaL 

'6uruaerls pue uotDalep
lzgE I'SSZI-O9Z ['la)ue] le]leloloJ

ra)ue) le])arolo) aas ra)ue) uoloJ
909'^dolsotltul uorl:a;a'p1o6 leptollof

t6 L | 
',saseuaoellof

t98r L'S8r r'S9r r 11AX ad^l
198t t'S8r r'ilAX ad^l

68t t's8t r'ilx ad^i
1991 1 'ly ad(l

168r ['681L'S8t L'Xt ad^l
f98tt'981t'ilAad^l

198t t'Aad^t
t-98 [ L 's8L 

t'891 L'JLgLL' Lgtt-991t'S9r r ht ad^i
l.8L L't98t t,ilted^l

69VL'Lgt L'f98r r'il ad^r
l8L I l_981 L'98r r't adlr

68 L L'88t t-18[ t'q]6uerls alrsua]
931 1. 

,saprldadord

LA l l' 98 1 L,ua6e11o>o.rd
gg[[,suteq)?o_ord

188 t t 
,18 

t 1. ,sluqr; ua6e11o: _ gg I L 'stsaqlu^s

Jl.g L L'ggl l'uottelutpoul ;euorle;suet1-1sod
g'[ 'utalord sno.lqu

J68t t'681 t'1t8LL'Lgtl !58t t'S8t t'sl!.iq!J
ls8 L t 

.t8t 
t't9v L'JnnL,arnl)nlls

18 t t 'suorletntU

98t t-s8l |'uortnto^a
98[t-t8il'saua6

681 L-88t t's paletfosse-lDqt,
198t t'68t 1-t81 I lellilqr]

68LL_88t[ "s relluqU
168t t'68t 1-281 t'S8t t'paleDosse-luqU

X]CNI



056 
/uralold 6oqa6pap yasa6

uotleloepv aas uotlezt]tsuasac
LLb t'lglv L'8 [t['srurec

6l L [,aie]lns uPleuJlac
lZZtt 

'aellrded 
leurac

J66Z !862 !L6Z'86? L67.'967'uorleuunda6
969 

'999 '{dotsorlrr! uot}lala ,p;ar; 
1o qrdaq

(s)aseleqdsoqd utalold oslD aas
J9 Ll' 9 LL'uor1e;(roqdsoqda6

)ZEt 
'J9 

| | 'asoqu,{xoaq

J89Z '992'(sdlNp) saleqdsoqdul aptsoallnuoqu^xoac
vNC aa5 pr)P )ralrnuoqu^Xoac

ZZS 1ZL9 
'I 

tS 
'uorte6nJutua: luarpet6 {1rsua6

(s)ellrsa^ fuolar)aS aas sal)tsaA eJo)-esueC
Lgn 'uorlel^qleLu 

VNC 
/saseraJsueru^qlaur 

VNC o ouaO
9€S [ 

't€S 
t 

'(Ulf) srolde]ar alrl-llof
l6s ['uorteururla lla)-f a^rDear-Jlas

Z;v L' LB !'srsoy{:o6eqd
I LS L'9F.5 l's.rolda>at uorgru6o:ar uralled

d,fl,ffl:llfzffi o6E L' L L9 L'uorssoldxa )HW
us [ 

'uorlernteu

v6st 'rt6st 'Jan9 
L 'zvs | 'suorl)u nJ
Lls | 'uorlnqulsrp

glg 1 'suralord fuo1e1nurls-o>
l1s t /saln)aloLu uorsaqpe lla)-lla)

L65 [-065 L 
',u9I ',uorle^rl)e

rLL9t 
'ZLSI-aLSL 'ZV9L 'EESL 'slla) )rtupuac

919 '6urleu6rsorneu

1889'uorlelndurof leuolnau
6t0 I 

'uorlelueuo alnqnlor)rur
tl8€ L 

'1.8€ 
L-98t | 1090t'LrjL',(s)arupuao

0t t 'ulelold 'uollernleuaC

^e/.^qted
6urleu6rs q)loN :urelord rolda)al q)loN os/D aas

llSsE t llt6' Lv6-9b6'uo't lqur leralel
GS€ I 

'luaudola^ap allsUq Atosuas oltqdosot6
y7E y'o(qwa Apea suobala'1

uraloro ellac
^eMqled 6ur1eu6rs q)toN aas 6ur;eu6rs q)loN-ella6

(9V) 9 elle6 a6ueq:,(6raua aarl aas (9V) 9 eUaC
uSl'iolda)er lla)-f 

'ureql g
uotlalap aulosoLUolqJ aas leurosourorq)'suorlalac

0lS'srsaua6elntu lseaI'sapasse> uorlalaC
689'(s)lauueq) +) pa^elac

e L 
t!l 

L 
tsuotpee't uorleua6orplqa6

196€'(s)uraloJd's1eu6rs uorleper6a6
EES L' 9ZS I-SZS L'sursue]aC

srsol^loxl os/D aas
I t0g 

'OOg XPMqrPd tlnejec
l_t8L L 3Z8t t',Z8t t-L8t L',uuo)ec

367'6urdde:a6
l€s€ L '€S€ I 

!S€€ t 'St€ 
L 

'(ddq) urelord rr6aldeluade:a6
ggg g 'aua6 (dd1) )o4dDtuadDa]

Jjet I' LzaL-ozat'srsoldode'(s)lolda)ar qleac
l0ztt'0zLt'srsoloooe '(fSlC) xaldLuo) 6ur1eu6rs 6uonpur qlea6

qleap lla) aar (sllel Jo) qleac
t0€-00€ !862'Lusrueqlaur slsaua6elnu

91; 
'aursoiltl{qtau-9

)ngn' nSn j69E'69€'uorl)npoid aursour
I t0€ '00€ 'uotlrnpo'td au!qluexod,iq

I t0€ 
'10€-00€ 'alor uottel^qleur VNC

JLOE 1L6Z 
',96Z ',uorleurureac

[9 I I 
'suor]elnuJ 

9Z-urxauuo) 'ssaujeec

176tr'76y'Ae>ap VNUr.! pelerpau-uor1e;(uapea6
lz6v '76p' Ae>ap VNUr! tuapuadapur-uorte1,(uapea6

188€ t 'Bg€ t 'uralord iolda)ar )JC
96Zl-S6aL 'uoltelnbar srsaua6oleurads' ualotd./aua6 z oO

[€s-0€s'saseqe]ec
Egg Ido:so.ortu plarrye6

l18S'e)uarsaronu ldvc
lZ6?'eu^zue NVC

9' ',uorlruuap 'uollec

tt8 t t 
't8 

L 1. 
'saue6 a41-{11e67i(11eq

85 L L 
'riiuelod 

1|a: reue;d 'snosq)Do

199y'eua6 (punseDp) )DO

o

(s)lla)-I Sclr os/D aas
I t89 t 'sllar palralur-snlr^

J L8S t 'sluauuadxa ralsuerl

llSs L'989l-s8s1'snu{qt ut uot})alas
z6s L 

'sl)aJJa /t-uoraJralul
)t Ls L' E Lsa-ZLg['utsrueq)au 6ut11t1 ;1ar

989t !t85t't85t-OgSt'alor rolda)ar-ol 8CJ
vSsl 

^s^ s1lar-1 tadlaq
l€gst'zg9l-lgsl'uotteluasard ua6!lue
S LS l-V LS l'(Hf) slla)-I radlaq'uorle^rl)e

zSsL-t8st'ELgL-ZISJ ,t9St_O9SL ,S€St ,(rl) sllar-f lxoroi^f
Il69',aurnlo^

zgg-Lgg 
'359-499'uotle1n6at gd _

969'losol^)
sluauod we it|Dads j(s)alnq nloJ)tW
1(s)luaurelu aler pa[uJalu I islueurelu

lelala)tsol^J istuaurelU urlle/urtrv. os/D aas
596',^lrlrqPls

J Lbg' 9V9'(uolelalsol^) aueiqueur) uul)ads
EZOI-ZZO L'uorlezrlelol vNU

€t0 1- Ito l'suralolo oqu
s96'seluadord

LlsJ-t ls L'uorlez!l!]n ua6oqled
(s)uralord iolow aas sutalold lolou-t

Zt L L 
'suralold loqlue lelnlla)-Pllul

t0Ll L'oLL L'luaulqlelle uuDalul
oso l-szo f 

'ior^eqaq 
11a: 6urruengut

It L 
'tt t /slueLuelu 

lel!leq
996 

',uoll)unj

VnOt'696'^ruelod relnlla)
IZVL1'ZVLt 

't€t t 'luaurq)elle uorltun[1;a:
ls96 

'€so l-s95 
'92 'uoiala>lsolll

(s)elnqnlorlrw j(s)]uauielr,
alerpeu.ualul lsluauelU url)P/url)V os/D aas

€00 t-200 t 
'salrlatxorq)lols llunqns
200 t- t00 t 

'uorlezrlq-els

800 L-s00 t 'uo!lezlueDlo

O rO l-Z5G'uor1e;n6ar uolleellnu
916 

'raL6'palebuola

€00 t -200 t 't 
66-996 

'ror^eqeq rruieu^p
800 t-900 t'196 1'6ur>1ut1-ssotr

l€00 L 
'€00 

t 
'6utdde:

696-99G 1or^eqaq
uorlezttaur(1od ut]:v osp aas

JL6-OL6'sllunqns
166-S95'Alqulasse-Jlas

/16 
'uorlrppe llunqns lo aler

266' r8 L6'El6'uorleal )n u
€/6 

's)llaull

1886'686-t86'sa6ueq> PaxPur-6nrP
uolle|.UroJ/^lqulasse

ESO l-596 
'!!Vg ' 

LVg'sluauPlU leialalsol^)
z€€'ajnl)nJls vNU

JLOE'r86a' JL6Z'962'uolleurureep
ygy'6ur1pa 1-or3
396g'6uuted-aseq _

fL1€' L6L !9[ t'aursor^)
9f6 

'saseurl aursot(] :ruseldol()
a)uelllaqul

uerlapuay!-uoN aas a)ueltraqut tttuseldol,tl
; g91" 'sutaulp :rulseldol^)

lg6ZL'v6a t'tO6Z L' 06Z t'sa6pttq >rurseldov(;t
sluauodwo )!]Dads:losol() osP aas

lz81 
'sllar rueld ul spuells

l8Zt 
'(LUn^o) 664

srseutloy{3 aas ;o uotstnlP
969' fS L'S L-n L'urseldoY{]

gES t 'uorlrqrqur uolle)olsueJl
ulalo.rd I ssplr )HW'(AW)) snrtnole6atlov(3

96t L 'sasnrtl 
Jo 

'sl:ara :tillol{f
srsolrni os/D aas

s60 [ 
'6uttltl

S08'tuaua6.relua auelquleu eurseld
J860 L tl60 t

'g61a-t61l 'stue;d raq6rq ur alor 1se;dou6e.rqd
860 t'uortnqlrlslp allauebro

)160t'J9601 '960 t 'lapour uorlelnullls alpulos lellua)
1960 t'960t'lepour uorlelnurls lPrlse

)9601'1601-960 | 
'lapour uorlexelai lPllse

2601-s60t 
'slla)

leurue ur uorsr^rp Jo aueld puP elpulos )llollul
!v601'n6ol ApoqprLu

1691 
'{lquasse 

;o alts
ls6o L'9601-?60['alor voqu

996'rot^eqaq )tueu^P
It60 t 

't60 t-€60 [ 
'Alqujasse

urso^lA lsluaLuelu u!])e/ulllv os/D aas
t60 l-€60 I

'sroleJauab a)Joj sp ll utso^u pue ull)e
39661 

'6uu eltpetluol
l€60 t '€60 L 

'morn; a6enea;:

1660 t 
'660I 'r1l1auu,(se

JE60 t
'IO!t-Z6Ot 

!El.OL tSSOt'9S0t''90t'stsautlot^1
sa\)alow 2tJDeds j(s)urlnalJalul otD aas

289 [ ',slle) 
I

t€S t-€€9 t 'asuodsar ftoleuruPlJul
€65 t-Z6g t !t t' t 'slla) )rlupuap
t€9 t 'papo)ua-leit^ 'slstuo6elue

(s)au!)ol^)
lnOZ' ilEoz' #Oe' Eoz-zoz's:rlaua6ol,{)

9ZZL
'uolle^rl)e ua6out:ter'aseplxo 0St-d aulolqlol^)

w€8'Vt 8'l€€8'arnDnrls
ygg'6uruosrod

l€€8't€8-Z€8'uorpnpar ua6,{xo
tE8 

'UerleurLueur

t€8'ralua) Jeddor-uorl
'€8 

'arnleu 
le!luasse

3ggg'7gg'xaldtrol eseptxo aLuorqloll1
ltt | 

'arnl)nrls

s9z 
'aleJ uollelnul

JZZLT ILZLL,tZ t t'gt I t'srso]dode
l€€B , aLuorq)ol^)

l9t8'ernllnrls
9Eg-9gg 

'alrr(r-6
gEg'6urdund uogord

l€€g'Z€g'xalduol Lr-q atuorq:ol{l}
ll€ [ 'arnl)nr]s 'zeeg euorqlo]^J

JZ98 'I58 'll uals{sotoqd 'xalduro) 
}-eq aurorq)oilJ

sawoJq)olb pnpt\tput osp aas
lzsS t EE8 

'tt8-z€8 '!€8 '628 '(s)aLuorrl)ol^)

1996 
'urseqeq>orll

zs9'eunurls^J
999'(UIJ)) utalotd roleln6a.l

elupl)npuol aueiquautsuell slsoiqU )lls^)
89 L' 999' O9S'slsoiqU )rls^)

16Zl 
' 
L0L'aurals^)

lZZt'suralotd la6ut; >utz st g-s; g-s{1-si(1
(l/ldv)

xalduo: 6utlouro.rd aseqdeuy aas auolsolll)
198t't8€'aprurxaqoll^)

sasDuDl )tlt)ads lsaseurl autuoelqVeullaS os/, aas
Itgo l. 

'290 
[ 

']sea^

lE90 t 
'290 t 'saleiqaua^

jLLL 'BLt- 
LLL 

'uor1e;nba.r

Lggo t'JvgOL't9O t-€90 I'uotlelltoqdsoqd
10I l-o0t t 

'asPqd 19
uolllqlqu l/uolle^ll)eul

7991'lurodlraq: y1729
111[ 

'uor]nlo^a

saxalduo: 1p;r-utp[1 aas saxelduo] utl)^l
Z90t'Itrnrl:e ur sa6ueq> 1e:l;>{:

rvLoL'sLoL-nLOl 
'1990 t 

!€90 L
'tgol ' LLL'391 

'uor1eli(roqdsoqdap ^q uolle^l])e
€9Ot-Z9Ot'(slp)) saseur) luapuadap-utp(1
t0t t 1990t lt90t't90t-€90t '(sl)l) sureloJd Irolrqrqut aseull luapuadap-ull)^J

1990t t€90t'€90t '()v)) asPurl 6urle^rlle-aseull iuapuadap-ulpIl
(slp))

saseurl luapuadap-utll^l i(s)utl)^) osp aas
890 r 

'5901-490I '990 
t 

'290 L ',lpf-s

lz90 t '€90 t-290 t 'uoll)e jo usrueqlau.t
080 t

'r6LOL '6LOl-8Lg 1 
'a;ot ,(lquasse a;putds

090 [ 
'pue s]tueuIP alnqn]ol)lLu

nLoL'Jlo] 
'slso]ll.l.l olul Nlua

*L0l
' 9 LO J-n LO L'uor1e1{roqdsoqdep {q uorlentl:e

990r'290t'lpf-w
90I t-€o r I '990t '(.901 'lp)-slt9

sot 1-€01 1'9901'290t'lpl-rD
t90t-t90t'ourpurq l)l

J€90 I
'lZgOL'ZgO t jLLL'gLL- LLI'sexa;duo: 1p1-ur;:i(1

l€90 t 'lsPa^

lE90 [ 
'sa]erqaua^

)LLL'gLL- LLI'a)t^ap 6utlei6alut ;eu6rs
tgOL'VgOt'799 1'surp{:-5

tO t t'180 t'n LOL'VgO t'ZqOL' 56€'surl)I)-W
191 1'uorssaldxa auab

290 [ 
'su!l]^)-S/tD

Z9O['sull]^r-t9
tg1 L' ago L'sa6ueql 1e:t;:{:

saxaldurot >1p1-ut;>[1 aas saxa;duor 1p1
/80['pue )/)dv

290['(s)url]^)
€98'uo!lPl^loqdsoqdoioqd lrll^f

Lt6'g L6'slauueql uol pale6-aplloal)nu-)lllIJ

X]CNIztil



INDEX

Desmin,9851 987
Desmocol l ins.  I  136.  1 1387
Desmogel ins,  1 1 36,  I  1 387
Desmosome(s),  1134,1134F,1 1 351 1 143- l  144,

1144F,11777
keratin filaments, 986

Desmotubule,  1 162
Detergent(s), 51 7, 51 7 F, 638F, 639F

ionic vs.  nonionic,636
membrane protein solubility, 636-640
see also specific detergents

Determination see Cell determination
Detoxification reaction(s), smooth endoplasmic

ret iculum, 725
Development, 1 305-1 320

asymmetric cell division, 1099, 1289-1290,
1 2 8 9 E  1 3 1 3 - 1 3 1 5 , 1 3 r 4 F

C. elegons see Coenorhobditis elegons
develooment

ce l l  de te rm ina t i on ,  1311 -1312 ,  1312F
ce l l  f a t e ,1311 -1312
ce l l  l i neage  t r ac i ng ,  1310 - l 3 l  1 ,  131  1  F
ce l l  memory ,  1305 ,  1312 ,  1315
cell migration, 1 1 40, 1 14OF
cleavage of egg, I 307
descriptive embryology, 1 3 1 0
Drosophilo melonogaster see Drosophilo

develooment
epithelial folding, 1 1 42, 1 1 43F
epi thel ia l -mesenchymal t ransi t ions,  1 1 41
evolut ionary conservat ion among animals,

I 306F, I 307
exper imental  embryology,  I  3 10,  1310F
four essential processes, 1 305, 1 306F
gap junc t i ons ,  l l 6 l
genetics see Developmental genetics and gene

regulation
germ layers and gastrulation, I 307, I 307F
induct ive interact ions and s ignals,  1310, I  31 3,

1 3 r 3 F , 1 3 1 6 7
lateral  inhib i t ion.  1 31 4.  1 31 5F
mitosis in absence of  cytokinesis,  1099-1 100
model  organisms, l3 l  I
mo rphogens  and  g rad ien t s ,  1316 -1317 ,  1318F
mouse see Mouse development
nervous system, 1 383-1 397

see o/so Neuron(s),development
plants see PIant development and growth
positional controls, I I 1 1
pos i t i ona l  va l ues ,  l 3 l 2 -1313 ,  1312F ,  1313F
regulatory DNA def ines program, 1309,

1 309-1 31 0,  1 309F
sequent ia l  induct ion,  1319, I  320F
t imekeeping,  1 3 1 9-1 320,  1 320F
to ta l  ce l l  mass ,  1111
vertebrates see Vertebrate development
Xenopus loevis see Xenopus loevis development
see d/so Embryo(s)/embryogenesis; Signaling

molecule(s) /pathway(s) ;  indiv idual
organisms and processes

Developmental  genet ics and gene regulat ion,
450-451, 451F, 1 308, 1 309

cel l differentiation, 464-465, 465F
combinatorial gene control, 464-4695, 465F
Drosophilo see under Drosophila development
genes specia l ly  required,  1 308
oenetic screens. 1 308
orqan formation, 465-466, 466F
regulatory DNA defines program, 1309,

1 3 0 9 - 1 3 1 0 , 1 3 0 9 F
transcriptional synergy, 464
see olso Cell differentiation; sp ecific Aenes

Diabetes mel l i tus type l ,  1 549
Diacylg lycerol ,  910
Diakinesis.  1275.1276
Diapedesis see Lymphocyte(s),recirculation
Diarrhea

bloody, in dysentery, 1491
enteropathogeni c E. coli, 1 504
Solmonella entericd sDread. 1 51 8
soread of infection. 1 487-1 488

Dicer protein,  RNA inter ference (RNAi) ,496
Dickkopf protein, 1 31 6T
Dictyostelium, 16F

chemotaxis, 1 045
myosin I  and l l  local izat ion in crawl ing amoeba,

1 0 4 1 , 1 0 4 1 F
Dideoxy DNA sequencing, 549-550
D id i n i um,28F
Dietary requirements,  n i t rogen, 1 01

Differential-interference m icroscopy, 583
see o/so Phase-contrast microscopy

Differentiation of cells see Cell differentiation
Diffraction patterns, 528, 528F
Diffusion-limited enzyme catalysis,163, 163f , 169
Dif fusion,  random nature,  74,75F
Digest ion,  88,1436

see o/so Lysosome(s)
Dihydrofolate reductase, cancer treatment, 1 260
Dihydrour id ine,  tRNA modi f icat ion,  368F, 369F
Dihydroxyacetone, 1 1 2F
Dihydroxyacetone phosphate, 1 20F
Dimer format ion

DNA damage, 296,298F
proteins, 1 42F
see dho DNA-binding proteins

Di methylbenz[a]a nth racene (DMBA), 1 226, 1 238
2, 4-Dini t rophenol ,  836
Dinitrophenyl, 1 545, 1 545F
Diplo id cel ls

classical genetics, 554F
sexual reproduction, 1 269, 1 27 0F

see d/so Meiosis
yeast I ife cy cle, 34, 34F

Diplotene, 1275-1276,1 280, 1 288
Dipoles,  covalent  bonds,  50
Disacchar ides,  56,  57 F,  1 1 3F
Discs large (Dlg) protein, 1 148-1149, 1148F, 1154
Dishevelled genelprotein, planar cell polarity, 1 1 58,

r  359
Dis integr ins,  I  193
Dislocation, proteins see Retrotranslocation,

misfolded proteins
Dissociation constant (Ka), 1 58F
Dissociation rate, 1 58F, 526
DistuHess gene, 1351, 1 351 E I  355
Disul f ide bonds

amino acids,  129F,147 148
electrophoresis, 51 8F
protein stability, 1 47 -1 48, 1 47 F

Diurnal rhythms, 460-462, 461 F
see a/so Circadian clocks

Divergence (evolutionary)
mutation rate analysis, 264
phylogenetics, 247 , 247F,248F
see c/so Gene dupl icat ion(s)

"Diverse animalcules," Leeuwenhoek, Anton van,
501 F

Div is ional  asymmetry,  in stem cel l  product ion,
1421, 1421F

DMBA (dimethylbenzla lanthracene),  as mutagenic
chemical  carc inogen, 1226, 1 238

DNA (deoxyr ibonucle ic acid) ,  3,3F
ampl i f icat ion v ia PCR see Polymerase chain

react ion (PCR)
analysis,  532-553
bending see DNA bending
catenat ion,  1 071
cel l  macromolecule,  62F
chemical  synthesis,  548
chromatography, DNA-binding proteins,

428-429,429F
cloning see DNA cloning
compac t i on ,2 l 0 -21  I
complementary see cDNA
damage see DNA damage
fingerprinting, 546, 547F
hel ix-passing react ion,  DNA topoisomerase l l ,

281F
historical research, 195-196, 195-197, 329

identification as genetic material, 195-196,
196F ,197 ,198F

Streptococcus pneumonioe experiments, 1 96F,
1 98F

structure elucidat ion,  1 95-1 96,  196,  197 ,329
hybridization see DNA hybridization
information coding, 1 99-200, 329, 330F, 331

DNA makes RNA makes protein, 33 I , 33 1 F
relation to proteins, 199-200, 199F
as universal information storc, 2, 297, 4OB
see o/so DNA sequence; Genetic code;

Genome(s)
l abe l i ng ,534
l inker,  21 1
location, 200-201, 2O1 F

see a/so Nucleus
maintenance, 263-265

failure,263,265, 1212
see o/so Cancer; DNA damage; Mutation(s)

genome evolution, 246-247

l : l  3

see o/so DNA repair
manipulat ion see Recombinant DNA technology
noncodrng see Noncoding DNA
packaging, 202-218, 202-21 9

chromatin packing, 243, 244F
see o/so Chromatin; Nucleosome(s)

comoact ion,  21 0-21 1
see o/so Chromosome(s); Chromosome

structure
polar i ty ,3F
protein interactions Jee Protein-DNA

i nteractions
recombinat ion see Recombinat ion
regulatory see Regulatory DNA
repair  see DNA repair
repeats see Repetitive DNA
replication see DNA replication
structure see DNA structure
synthesis see DNA synthesis
te lomeric.  210

see o/so Telomere(s)
templated polymerization, 3-4, 3F
thermal  stabi l i ty ,296
unwinding

repl icat ion,  273,273F
transcr ipt ion,  333

see also entries beginning DNA
DNA array(s) see DNA microarray(s)
DNA bending

nucleosome-DNA interact ions,  21 4F
proteins, enhancesome fo(matio, 446, 447F
see o/so DNA-binding proteins

DNA-binding dyes,  cel l  cycle analysis,  1 059
DNA-binding motifs (proteins), 416-454

p sheet motit 422,423F
DNA-binding homeodomains,  paired domains,

14' l
gene regulatory proteins, 41 8-41 9, 41 8T
helix-loop-helix morif , 425-426, 426F
helix-turn-helix motif, 41 9-420

homeodomain, 420-421, 421 F
see o/so Homeodomain proteins

recognition helix, 41 9, 42OF
structure,4l9,420F

leucine zipper motif ,423,424F
protein-DNA interaction, 41 7, 41 8-41 9

base-pair  recogni t ion,41 7,  41 7F
see d/so DNA structure

zinc fin ger motif s, 421 -422, 422F, 423F
see d/so Protein-DNA interactions

DNA-bi nding pr oteins, 427 F
binding s i te predict ion,  426
dimerization, 420, 420F, 422

Cro repressor, 142, 142F
funct ional  ro le,423
heterodimerization, 424-425, 425FF
homodimerization, 424, 425F

DNA-binding motifs see DNA-binding motifs
DNA structure re lat ionship,  41 6-417,  417F, 419

see a/so DNA structure
helix-turn-helix protei^s, 420-421, 420F

homeodomain proteins see Homeodomain
protelnS

histones see Histone(s)
leucine zipper proteins, 423, 424F, 425F
major groove-bin ding, 423, 424F
mi nor groove-bin ding, 423, 424F
sequence-specif ic, 430F

affinity chromato g:raphy, 428-429, 429F
chromat in immunoprecip i tat io,  432,  432F
DNA sequence determination, 429-431, 430F
gel-mobility shift assay, 427 -428, 428F
zinc f inqer interact ions,  427F

SSBs see Si-ngle-strand DNA-binding proteins
(SSBs)

zinc finger proteins, 42l -422, 422F, 423F
see a/so DNA replication; Gene regulatory

protein(s); Protein-DNA interactions
DnaB orotein,283F
DNA catenation, 1 071
DNA cloning, 532, 540-541

cloning vectors, 540-541, 541 FF, 542F
genomic library production, 540-541, 542F
liqation reaction, 540, 541F
rdstriction fragments, 540
reverse genetics, 575
see a/so cDNA; DNA libraries

DnaC protein,283F
DNA crosslinks, 295f,296, 297F
DNA damage, 296,296F, 297F
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agents causing see DNA-damaging agents
apoptosis,  1106,1117
ATM/ATR signal ing pathwa, 1105
bulky les ions,298
cancer and, 1216-1217, 1225, 1246

see d/so Carcinogens; Mutation(s)
cel l  cycle and,  303-304

checkpoints,  303,  I  105- l  107,  1 106F
cross-linking, 296, 297F
failure to repair, 1 1 06

see oiso Cancer; Mutation(s)
repair  see DNA repair
replication, 296,298F

see a/so Mutation(s)
spontaneous alterations, 296, 296F

see olso specific types
see d/so DNA repair

DNA-damaging agents
carc inogens see Carcinogens
ioniz ing radiat ion,  300-301

see d/so Ultraviolet (UV) radiation
sensitivity, DNA repair defects, 2957
see d/so Mutagenesis

DNA-DNA interact ions,  306F
hybr id izat ion see DNA hybr id izat ion

DNA dupl icat ion(s)
chromosomes see Chromosome dupl icat ion
exon recombinat ion,  257
genes see Gene dupl icat ion(s)
genome evolut ion,  246-247
whole genome,38-39,  39F, 255

DNA excision, site-specific recombination, 323, 324,
324F

DNA f ingerpr int in 9,546,  547F
DNA footprinting, 429-431, 43OF
DNA glycosylases, 297 -298

mechanism,299F
recogni t ion of  DNA damage, 300-301,300F

Dnac protein,283F
DNA hel icase(s) ,  273,  27 4F

assay,273F
defects, 2957
DnaB protein,283F
inhib i t ion,  DnaC protein,  283F
mechanism of action, 273, 282, 283F
TFIIH transcription factors, 340-341

DNA-hel ix-passing react ion,  DNA topoisomerase l l ,
281F

DNA hybr id izat ion,306
chromosome paints, 202-203
DNA-RNA hybr id izat ion,  535-537, 538F

Northern blot t ing,  538-539, 539F
hel ix  nucleat ion,  306F
hybr id izat ion condi t ions,  535-536, 537F
model  of  recombinat ional  base-pair ing,  306F
nonpair ing interact ions,  306F
recombinant DNA technology, 532
Southern blot t ing,  539-540;539F
see o/so DNA probe(s)

DNA labels,534
DNA libraries, 540-542, 54't -542

cDNA, 542, 543F,544
genomic,  542,542F

cDNA vs, 543F, 544
in yeast two-hybrid system, 524
see o/so DNA cloning

DNA l igase(s)
DNA cloning, 540-541, 54tF
DNA repair 2951 302-303
Lagging strand DNA synthesis,272
reaction mechanism, 273F

DNA looping,437F, 438F
transcription regulation, 438, 438F, 480-481

DNA melt ing,  537F
DNA methylase(s) see DNA methyltransferase(s)
DNA methylat ion,4T2F

cancer cel ls ,  1213
CG (CpG) islands,434, 470-471
damage recognition, 300-301
enzymes, 284F,467
eucaryotes, 278
gene expression and, 467 -468, 468F
genomic imprinting, 46A-47 O
inheritance, 467 -468, 467F
methylated DNA binding proteins, 468
5-methylcytosine, 467, 467 F
procaryotes, 27 7 -27 8, 282, 284F

restriction-modification systems, 532
recognition functions, 277 -278, 532
role in mutat ion,  300-301, 301 F

strand-directed mismatch rcpafi , 27 7 -278, 27 7 F,
284F

uncontrol led,296F
DNA methyltransferase(s), 284F, 467
DNA microarray(s) ,574

cel l  cycle analysis,  1 065
gene expression analysis, 537, 574-575

cancer cell typinq, 41 4F, 1 240, 1 249, 1 264
cluster analysis, 57 5, 575t
human genes,41 2

metastases, 1 249
methodolog,  574,574F
replication fork analysis, 285, 286F
sizes,574

DNA mismatch repair see Mismatch repair
DNA-only t ransposons,  318F, 318T, 323

cut-and-paste t ransposi t ion,  3181 31 9F, 320F
DNA polymerase(s), 266

5f3 '  chain e longat ion,  267 ,268F
catalytic mechanism, 267 F, 268F
cooperativity, 27 5-276
DNA repair ,302
dNTP substrates, 266, 267 F, 268F
eucaryotic, 280, 281F, 293F, 294F, 2957
fidelity, 269
movement along DNA, 27 3-27 4
proofreadin g, 269-27 O, 27 OF

see d/so Mismatch reoair
RNA polymerases vs , 334,335
slidrng clamp, 27 4-27 5, 27 5-27 6, 27 5F, 27 6F
structure,26SF
T7 polymerase, 269
thermophi l ic ,544

see o/so Polymerase chain reaction (PCR)
vira l ,1517
see olso specific enzymes

DNA pr imases,  27 2,  27 2F, 27 3,  27 6F
bacter ia l  dnaG, 283F
eucaryotic, 280
mechanism ot action, 282,283F

DNA probe(s), 534,536F
nucleic acid detection, 539-540, 539F

see o/so DNA hybridization
DNA-protein interactions see Protein-DNA

interactions
DNA rearrangement(s)

bacterial phase variation, 454-455, 455F
conservative site-soecific recombination

heritable, 325-326
reversible. 324.324F

see a/so Recombi nation; specific reorrongements
DNA recombination see Recombination
DNA renaturation see DNA hybridization
DNA repair, 263, 295-304

base excision repair (BER), 297-298,299F
cell-cycle delay, 303-304
cross- l ink repai t  2957
defects in see DNA reoair disoroers
direct chemical reversal, 298
DNA polymerases, 302
DNA structure imoortance.  297
double-strand breaks, 2951 302-303, 303F
enzymes, 296,299F
e r ro r  p rone ,3 l 0 -31  1
fai lure see Mutaoenesis
homologous recbmbination, 295T, 305
identification, 295
imoortance.295
mismatch repair see Mismatch repair
multiple pathways, 295, 297 -298
nucleotide excision repair (NER), 295T, 29A,299F
RNA polymerase coupling, 299-300
transcription coupling, 299-300
translesion synthesis, 2957
see o/so DNA dam age; individuol repoir pothways

DNA repai r d isorders, 27 7, 295-296, 295I, 304, 1 1 06
see also Cancer: specific disorders

DNA repeats see Repetitive DNA
DNA replication, 3, 200, 201 F, 263, 266-295

a nalysis tech niqu es,282-283, 284F,285,285F
bacterial, 280, 282, 283F

end-repl icat ion,292
DNA catenat ion,  1 071
DNA synthesis see DNA synthesis
DNA templating, 200, 201F, 266
end-repl ication Woblem, 292
eftots, 246-247 , 269, 27 1 -272, 276-277

see a/so DNA damage; Mutation(s)
eucaryotic, 280

chromatin effects, 285-286

chromosome ends see Telomere(s)
in i t iat ion see DNA repl icat ion in i t iat ion
multiple replication forks, 283, 284F
replication forks see under Replication fork
replication otigins see undet Replication

or ig in(s)
replication rate, 283
5 phase of cell cycle, 284, 285, 285F,

1067 -1069 ,1068F
t imin9,285
see o/so Cell cycle

f idelity, 269,27 O, 27 1 Fr
see d/so DNA reoair

historical rcsearch, 266-267
incorrect model of DNA replication, 269F
ini t iat ion see DNA reol icat ion in i t iat ion
mach inery, 266-281, 27 6F

cooperativity, 27 5-27 6
DNA helicases, 273, 27 3F, 27 4F
DNA l igase,  272,273F
DNA polymerase see DNA polymerase(s)
DNA pr imase, 27 2,  27 2F, 273,  27 6F
DNA topoisomerases, 278-280, 27 9F, 28OF
pr imosome,276
single-strand DNA-binding proteins,  273,

274F,275F
mitochondrial. 856-857. 857 F
nucleosome asse mbly, 289-290
origins see Replication origin(s)
phylogenetic conservation, 280
proofreading, 269-27 0, 27 OFF
replication fork see Replication fork
replication origins see Replication origin(s)
semiconservative nature, 266, 266F, 268F
strand recognition, 277

methylation in procaryotes see DNA
methvlation

nicks in eucaryot es, 278, 27 8F
see o/so Single-strand DNA breaks

see d/so Mismatch reoair
transcription ys., 333-334
"winding problemi' 278F
see o/so Chromosome replication; lndividuol

comDonents
DNA replication initiation, 2a1-282

bacterial chromosomes, 282, 283FF, 284F
eucaryotic, 289F, 1067, 1068F

preinitiation complex, 1 067
prerepl icat ion complex,  1067-1068, 1068F

ORC (origin recognition complex), 287
origins see Replication origin(s)
origins of replication 5ee Replication origin(s)
proteins, 281 ,282,283F, 1067
regulat ion,2S2

DNA-RNA hybridization, 536-537, 538F
see o/so RNA-DNA hybrids

DNA segment shuffling, 1 9, 1 9F
DNA sequence, 199-200

alterations in genome evolution, 246-247
analysis techniques see DNA sequencing
bacterial, as immunostimulant, 1 527
evolutionary conservation, 207, 208F, 250
human p-globin gene, 199F,200F
recognition, 41 8-419, 418f

see a/so DNA-bindino motifs
structural effects, 41 6-41 7

DNA sequencing, 548-550
al ignment,530-531
automation, 550, 550F
chain- terminat ing nucleot ides,  550
gel electrophoresis, 534, 535F
genomic see Genome sequencing
historical aspects, 549-550
human genome, 1 42, 205-206

comparative, 207 ,247 , 247F,248F
intron-exon recognition, 551
open reading frame prediction, 551
protein sequence prediction, I 39, 550-55 I , 550F
recombinant DNA technoloqy, 532, 534, 535F

DNA structure, 62F, 195-201, Iill-ZOl
backbone (sugar-phosphate), i97, 1 9g-i 99,

1 98F
base-pairing, 1 97 -199, 198F, 417F
complementary chains (strands), 197 -199, 266F

antiparallel natwe, 198F, 199,267
rote In reparr, 29l
ro le in repl icat ion ,2OO, 200F,201F, 266

deformation, coupled to packaging, 213, 214F
double helix, 197 -199, 198F, 199E 338F

complementary chains (strands) see DNA
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repl icat ion
hydrogen bonds, 1 97-1 98, 198F, 199F,417
major groove, 199F, 416F
minor groove,  199F, 41 6F
repair,296-297

see a/so DNA repair
rotation, 278,278F
strand separat ion,  273
turns, 1 98-1 99, 1 99

elucidation, 195-196, 196, 197
hairp in hel ices,  273
mechanism for heredity, 199-200

see d/so Gene(s)
nucleotides, 62, 197 -199, 198F

see a/so Nucleotide(s)
phosphodiester bonds, 1 99F
polar i ty ,  198F
3'to 5' pola(ity,197
protein-DNA interact ions,  41 6-417,  417F

seeolso DNA-binding motifs (proteins)
RNA vs., 408
sequence effects, 41 6-417

see a/so DNA bending
X-ray diffraction analysis, 1 95-1 96, 1 96
see o/so DNA topology

DNA supercoi l ing see Supercoi l ing
DNA synthesis, 266-268

analysis
autoradiography, 282-283, 284F, 602-603
Brdu staining, 285,285F, 1059, 1059F, 1422,

1425
ATP requirement, 86, 87F
chemistry,268F

5'-3 '  chain e longat ion,  266-267 ,267F,268F,
27 1-272,271F

deoxyribonucleoside triphosphates, 266,
267F,268F

DNA replication, 266-268
5L3'chain elongat ion ( leading strand),  267,

267 F, 268, 268F, 27 1 -27 3, 27 1F, 27 6F
lagging strand see Lagging strand synthesis

(DNA repl icat ion)
primer strand, 267 F, 268F
pyrophosphate release, 267F, 268F
template stand, 267 F, 268F
see a/so DNA polymerase; DNA synthesis

in i t iat ion,28l
mechanism,26SF

see o/so DNA polymerase(s)
relation to histone synthesis, 289-290
see d/so DNA replication

DNA topoisomerases, 278
catalytic reaction, 279F
DNA replication rcle, 27 8-280

see o/so DNA replication
lambda integrase vs., 324
mechanisms of action, 27 8-279, 27 9F, 28OF
topoisomerase l, 27 8, 279F
topoisomerase ll, 278-279,280F, 281 F

DNA topology
supercoi l ing see Supercoi l ing
transcription elon gation, 343-345, 344F
see o/so Nucleosome(s)

DNA transfer see Horizontal gene transfer
DNA tumor virus(es), 1247 -1249, 1248F
DNA virus(es), 1 496F, 1 497F

in cancer, 1 227 -1 228, 1 228I
see a/so DNA tumor virus(es)

dNTPs see Deoxyribonucleoside triphosphates
(dNTPs)

Docking proteins,  insul in receptor  substrate ( lRS-1),
924

Dol ichol  phosphate,  1 15F
Dolichol, protein glycoslation, 737, 738F, 747F
Dol ly the sheep, 1 287
Domain fusion, activator proteins, 442F
Domains,  l iv ing wor ld,  16,  16F
Dominant negative mutation(s), 528F, 564F

antisense RNA, 564F
genetic engineering, 564
RNA inter ference,564F

Dopamine,  gap junct ion permeabi l i ty  regulat ion,
1162,1162F

Dormancy, Epstein-Borr virus (EBV), 1499
Dorsal lip, of blastopore, 1367-1368,1367F
Dorsal protein, of Drosophila, 1 334-1 335, 1 335F
Dosage compensation, 47 3, 47 5-47 6, 47 6F
Double bonds,  carbon-carbon, 106F
Double-checking, DNA polymerase proofreading,

269

Doublesex (Dsx) gene, Drosophilo sex
determination, 481F, 482F

Double-strand breaks (DSBs)
homologous pair ing/meiot ic  recombinat ion,

305F, 31 2,  1275,1280
orooucflon. JUU-JU I
repair, 302-303, 303E 304-305, 308-309

defects,295T
see o/so Homologous recombination

(crossing-over)
topoisomerase ll production, 280F

Double-stranded RNA (dsRNA), viruses, 1 534
Down syndrome, meiotic nondisjunction,

1278-1279
Dpp (decapentaplegic) gene/protein, I 335, 1 353,

1 353F, 1 355
Drk gene, 928F
Drosophilo development, 1 328-1 341

anteroposterior patterni ng, 1 341 -1 347
see olso Drosophila melonogoster homeotic

genes
cel l  cycle analysis,  1 058
cel lu lar izat ion. '1099, 1 1 00F
ear ly embryo and genesis of  body plan,

1328-1341
blastoderm. 1 330-1 33 1 .  1 330FF
body axis specification, 1332F, 1333-1334,

1 334F
dorsoventral patterning, 1334-1 337, 1335F,

1  335FF
e 9 9 , 1 3 3 0 , 1 3 3 1 F
egg polarity genes see Egg polarity genes

(Drosophilo)
fate map, 1 33 1 F, 1 332F
fol l ic le provid ing egg-polar iz ing s ignals,

1  333F
gastrulation and mesoderm formation, 1335,

1 336F, I 340
morphogen gradients,  1333-1334, l334FF,

1 335F. 1 335FF, 1 336
mRNA localization, 487, 488F, 1 333-1334,

r  334F
oocyte, 1 333F
planar cel l  polar i ty ,  1 157,  1157F
regulatory hierarchy, genes, 1 338F
segmentation genes see Drosophilo

melo n ogoster segmentation genes
sex determination, 1 286
syncyt ia l  to cel lu lar  t ransi t ion,  1 330-1 331
syncytium formation, 1099, 1 100F
synopsis,  1 329F
vertebrate body plan vs, 1 336F

genetic control/gene regulation, 4OA-4O9,
447 - 450, 448F, 449F, 449t F

Even-skipped see Eve (Even-skipped) gene
Ey gene,466,466F
homeotic genes see Drosophilo melonogastel

homeotic Aenes
Ras role in eye development,927 ,927F
segmentation genes see Drosophilo

mela nog aster segmentation genes
see olso specific aenes

oenet ic model .  1329
!enetic screening for early patterning, 1 332
genet ic techniques,  1 329
imaginal  d iscs,  1331

see olso under lmaginal discs
key to developmental mechanisms in other

an ima l s ,33
oogonia formation, 1290, 1 290F
organogenesis and pat terning of  appendages,

1347 -1362, 1347 -1363
compartment boundar ies as s ignal ing

centers,  I  353- 1 355,  1353F
compartments,  1 352-1 355,  1 352FF, 1 353F
eye developmenr, 466, 466F
imaginal  d iscs,  1349-1351, 1350F, 1356-1357
individuality specified by homeotic selector

genes,  1 351
intercalary regeneration, 1354, 1 354F
size regulat ion,  1 353-1 354

parasegments v5. segments, 1 330, 1 330F
sex determination, 481 -482, 481F, 482F

Drosophila melanogoster
adult anatomy, 1 328-1 330, 1 328F
apoptosis,  1125,1126
chromosomes, 237F

chromosome 2,  330F
gene-chromosome relationship (proof ),

37-38.  38F

l :15

polytene see Polytene chromosome(s)
sex chromosomes,43l

circadian clock, 461 -462, 462F
cytoskeleton, 967, 967 F, 983
development see Drosophlla development
gene expressron

alternative splicing, 47 9
chromosome oulls, 220-222
dosage compensation, 475
gene regulatory protei^s, 418T,447, 448F,

1 4007
position effects, 221 -222, 221 F

gene regulatory proteins, I 4007
genome

information coding, 329, 330F
mobile genetic elements, 318T, 480, 556
sequencing,  551 ,552
size, 1 8T
see olso chromosomes (above)

homeodomain proteins, 429
see o/so Homeodomain proteins

as model  organism, 37-38
mRNA localization, 1 022-1 023
multicelluf ar development and, 447 -45O, MBF,

449F, 449F F, 465 -466, 466F
oocyte, 1022-1023
photoreceptor assembly, 927 F
protein interaction maps, 188
RNA interference (RNAi), 571
vertebrate homologies, 1 306, 1 306F, 1 308
wing hair  mutants,  1 157 -1 1 58,  1157F

Drosop hila melo nogdster homeotic genes,
1341-1347

bithorax and Antennapedia complexes, 1 342,
1342F

Hox complex, 1342-1347
see o/so Hox complex; Hox genes

memory mechanism, 1344
modulated repetition strategy, 1 341 -1 342
mutations, 1 342
Polycomb and Trithorax group genes, 1 344,

1 345F
Dositional values, 1 344
sequential Hox gene expression, 1 343-1 344,

1 343F
vertebrate homologies, 1344-1347 , 1346F,

1346FF
see also specific genes

D rosoph i la mel anogdster segmentation genes,
1 336-1 338,  1 337E 1 338F

gap genes,  1 333,  1 337-1 338,  1 337E 1 338F
pair- ru le genes,  1 333,  1 337-1 338,  1 337F
regulatory DNA controlling pattern (eve gene),

447 - 450, 448F, 449F, 4 49F F,
1339-1340, 1 339F, I 340F

segment polarity genes, 1 333, 1 338F, 1 339
see also individual genes

Drug-induced changes, cytoskeletal filament
polymerization, 987-989, 9887

Druo resistance, 1521-1524
Dscdm gene, alternative splicing, 479F
Dynamic instability, cytoskeletal filaments, 980,

981F,982F
catastrophe,980, 1003
catastroohe vs. rescue, 1 080
of microtubules see Microtubule(s)
nucleotide hydrolysis, 979F
rescue, 980,981 F

Dynamin protein, 756F, 7 57 -75a, 7 58F
Dynein(s) ,  1014-101 5,  1 01 5F, 1 01 8,  1 01 9F

ATP hydrolysis,  l0 l9
attachment to membrane-enclosed organelles,

1022,1022F
axonemal,  101 5
ciliary beating and left-right asymmetty, 1 37 7
cytoplasmic,  1014
force generation, 1 01 8
l inker region,  1019
mechanochemical cycle, 1 01 9
mitotic spindles, 1077, 1077F, 1079
power stroke,  1019, 1019F

Dysentery, epidemic, 1491
Dyskeratosis congenita, 294
Dystrophin,1466

E

E2F oroteins, 1 103-1 1O5, 12MF
E6 viral oncogene/protein, 1248, 1249F
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EZ viral oncogene/protein, 1 248, 1 249F
Ear,  embryonic or ig in,  1384F, 1429
Early cell plate, 1 098
Early genes, chromatin condensation effect,

285-286
Eastern equine encephal i t is  v i rus,  1 496F
Ebola virus, cell entry, multivesicular bodies,797
E-cadher in,  1 1 36,  I  I  387

in cancer invasiveness, 1249-1250
epi thel ia l -mesenchymal t ransi t ions,  1 1 4 l

E. coli see Escherichia coli
Ectoderm, 1307, 1365
Edema ,1493
Edema toxin,  1493
rooe enects.5a2F
EDTA, cel l  separat ion techniques,  502
EF-1 elongation faclot, 377F
EF-2 elongation fa ctot, 377F
Effector B cells, 1 543, 1546,1546F,1552F
Effector T cel ls, 1 543, 1 544F, 1 546, 1 546F, 1 552F
Efflux transporter proteins, auxin transport, 959
EF-G elongat ion factot ,377 ,377F
EF-Tu elongation factor, I 81, 1 81 F

conformat ional  change, 180 181,  181F, 377
GTP-binding protein,  1 80-1 81 ,  181F, 377
protein synthesis , 180,377-378, 377F

EGF see Epidermal growth factor (EGF)
Egg (ovum), 12A7-1292

act ivat ion,  1287,129A
Ca2+ increases, 1299
cort ical  granules,  1 288
cortical reaction, 1 299, 1 300, 1 300F
sperm binding to, 1 27 0F, 1298-1 299, 1 298F,

1 300F
see d/so Fertilization

C elegans, 1323-1324
development stages, 1 288-1 290, 1289F, 1291F

oocytes see Oocytes
PGCs see Primordial germ cells (PGCs)
t im ing ,  1288

enucleat ion,  4 l  1,  4 ' l3F
parthenogenesis,  1 287
size, 1 287, 1 287 F, 1290-1291, 1 290F
special ized cel l  s t ructure,  288E 1287-1288,

1291F,1298F
totipotency, I 282

Egg polarity genes (Drosophilo),1 332-l 335, I 332F,
1 334F

Ehlers-Danlos syndrome, 1 187
elFs (eucaryotic initiation factors), 380F

elF -2, 488-489, 490F, 1 535
elF4E. 380.491
elF4G, 380
regulation by phosphorylation, 488-489,

490_491,490F
see a/so Cap-binding complex (CBC)

Elastase,  1 38F
Elast ic  f ibers,  146F, 1 189-1 191,  I  1 90F
Elast in,  1 179,  11a9-1 191 ,  1 191F

structure, 1 46-1 47, 1 46F, 1 1 90-1 1 91, 1 1 91 F
synthesis, 1 1 90

Electr ical  act iv i ty ,  in synapse maintenance and
el iminat ion,  1 393-1 397

Electrical potential, neuron(s), 675
Electr ical  synapses,  gap junct ions,  1 1 61
Electrochemical  gradients,  654F
Electrochemical  proton gradients,  653,  81 3,  921F,

827-A40,853-8s4
across bacter ia l  membranes,  839.  839F
ATP production, 662, 8l7-A19,8i9t, a22-824

see olso AfP synthase
bacterial flagellum, 821 -822, 823F
chemiosmosis,  813-814, 8 l  4F
coupling to active transport, 822,823F
generation, 1 00, 1 00F, 820-821 ,821F

see c/so Proton pumps
membranes and, 640, 655, 820-82 1 , 82 I F
mitochondrral  protein import ,  716 717,716F
noncyci lc  photophosphorylat ion,  850-85 t ,  852F
pH gradient ,  820-821, 821 F
proton-motive force, 82 1 , 839F

Electrogenic pumps, 662-663, 67 l
Electron(s)

atomic interactions, 46-48
see a/so Chemical bonds

electron shell, 46, 48F, 49
orbi ta ls,46

Electron crystallo graphy, 61 I -61 2
Electron density maps, X-ray diffraction analysis,

528

Electron microscop, 604-61 3
3-D reconstruction, 606, 607F, 611-612

EM-tomography, 61 1 F, 612, 61 2F
autoradiography,603F
chromosome puf fs,239
contrast generation, 606, 61 0

colloidal gold, 606, 607F
heavy metal stains, 606
metal shadowing, 608-609, 61 0F
negat ive sta in ing,  61 0,  61 1 F

cryoelectron microscopy, 6l 0
depth of field, 606, 608
electron lens, 604
electron scattering, 605
freeze-etch, 6'l 0F
g r i ds ,605 ,605F
history,604T
imag ing ,6 l 0 -612
immunogold, 506-607, 607F
microscooe,604
molecular localization, 606-607
resolution, 604-605, 604F. 608
sample preparation, 605-505, 605F
scanning electron microscopy (SEM), 607-608,

608F,609F
SEM see Scanning electron microscopy (SEM)
single-part ic le reconstruct ion,  61 1 ,  612F, 613F
surface analysis, 607 -609, 608F, 609F
tomography, 61 1F, 612, 61 2F, 61 3F
transmission see Transmission electron

microscopy (TEM)
Electron-motive force, 81 4, 8l 5F
Electron scattering, electron microscopy, 605
Electron stains, 606, 607F
Electron t ransfer ,  71-72,  100F,81 3,  8 l  4F

energetics, 820-82 1 , 829, 830F
see olso ATP (adenosine triphosphate)

mitochondr ia vs.  chloroplasts,  814,  8 l  5F
NADH/NADPH carriers, 82-83, 82F, 81 8-81 9,

81  8F
see o/so Actrvated carriers in metabolism

oxidat ive phosphorylat ion,  I  00,  81 9,  81 9F
photochemical reaction centers, 848, 850F, 852F
protons, 827-828, 828F
redox potentials, 829, 831, 835, 835F, 852F, 853
see a/so Electron transport chain(s); Oxidative

phosphorylat ion
Electron transport chain(s), a27 -a4o

ATP synthesis,  100,  100F, 817-819, 8 l9F
proton gradients, 821 -823, 821 F
proton movement, 828, 828F, 829F
uncoup l i ng ,836
see olso ATP synthase; Electrochemical proton

gradients;  Proton pumps
bacterial, 839-840, 839F, 87 34F

evolut ionary impl icat ions,  87 1 -a72
chloroplasts see Photosynthetic electron

transport  chain(s)
cyanobacteria, 87 2, 87 3-87 5
energet ics,  S20-821
evolution, 87O-876

anaerobic bacteria, 87 1 -872
cyanobacteria, 872, 87 3-87 5
fermentat ion,  ST0 871
photosynthetic bacteria, 87 2

i ron-sul fur  centers, ' l  01
mitochondria see Mitochondrial electron

transport  chain(s)(s)
photosynthesis see Photosynthetic electron

transport  chain(s)
see olso NP (adenosine triphosphate); Electron

tranSler
Electrophoresis,  51 7

agarose gel ,  534
cell fractionation , 517, 518F,521-522
gel  sta in ing,  517,  518F, 534,  535F
polyacry lamide gel  see Polyacry lamide gel

electrophoresis (PAGE)
protein analysis, 51 8, 521 -522, 521 F, 522FF
protein denaturation, 5 1 7
protein pur i f icat ion,  5 1 7,  5 1 8FE 521 -522,  522FF
pulsed-field, 534
recombinant DNA technoloqy,  534

blot t ing see Blot t ing
DNA sequencing,  532,  534,  535F, 551
pulsed-f ie ld gels,  534,  535F

Electroporation, 565-566, 598, 598F
Electrostatic interactions, 54
Elements (chemical), 45, 46,47F, 48F
Elongat ion facto(s) ,  17 9-1 80

EF-G see EF-G elongation factor
EF-Tu see EF-Tu elongation factor
transcriptional, 343-345
translational, 37 6F, 377 -37A, 377 F

Embryo(s)/embryogenesis
anteroposterior axis see Anteroposterior axis

develooment
c a d h e r i n s . 1 1 3 6 . l l 3 6 F
cancer-critical gene function analysis,

1241-1242
cel l  crawl ing,  1036
cel l  cycle analysis,  1057-1058, 1057F, 1058F
descriptive embryology, 1 31 0
dissociation experiments, 1 1 39-1 140, 1 1 39F,

1  l 40F
exper imental  embryology,  1310, 1 310F
G1 phase of cell cycle, 1 1 00
gastrulation, 1 364-1 369
plant, 1400, 1 401 F, 1 4O2, 1 4O2F
polarity, 1 364
stem cells see Embryonic stem (ES) cells
see o/so Development; individuol species; specific

stoges
Embryonic germ cel ls ,  1283
Embryonic stem (ES) cel ls ,505-507, 1283

control of differentiation by different factors,
1 4 8 1 F

O e r l V a I l O n .  5 U 5 - 5 U / .  5 U t r F

differentiated cell production in vitro, 1 481
drug discovery, 1482
immune rejection problem, 1 481 -1 482
mouse. 567F. 1 480
"personalizedi' 1 303, 1 303F, 1481-1482
"therapeut ic c loning, '  507
in tissue repair, 1481-1482

Encephal i t is ,  v i ra l ,  I  502
Endochondral  bone format ion,  1470
Endocr ine cel ls ,  882

gut (enteroendocrine cells), 1437, 1437F
in respiratory epi thel ium, 1435

Endocr ine s ignal ing,  882-883, 882F, 883F
Endocytic-exocytic cycle, 789
Endocytic pathway, 7 49, 7 sOF, 7 51F, 795F
Endocytosis, 7 49, 7 87 -799

early endosomes, 7 82, 792
f lu id-phase,789
late endosomes,782
LDLs, 7 91 -7 92, 7 91 F, 7 93F
receptor-mediated see Receptor-mediated

endocytosis
sronal .  /9J
se? a/io Endocytic pathway

Endoderm, 1 307. 1 365
Endoglycosidase H (Endo H), oligosaccharide

processing,  TT5F
Endo H-resistant  o l igosacchar ides,  775F
Endoplasmic reticulum (ER), 723-7 45

anlroooy syntnesrs, /ouF
ant igen processing/presentat ion,  1583F
calcrum store.  /25-/26
ceramide synthesis, 7 44-7 45
cholesterol synthesis, 7 43, 7 44-7 45
COPII-coated vesicle formation. 757. 767F
development, 702,704
distr ibut ion dur ing cytokinesis,  1098
evolution, T00F
gf ycolipid synthesis, 7 44-7 45
glycoprotein synthesis, 7 36-7 38, 7 37F, 7 47 F
glycosphingolipid synthesis, 7 44-7 45
lipid bilayer assembly, 7 43-7 45, 7 44F
l ip id metabol ism,626
membrane, amounts,  6977
membrane proteins,486, 630, 635
microsomes, 511 , 726
microtubule motors, membrane organization,

1021
oligosaccharide processing, 775F
phosphol ip id exchange proteins,  745
phospholipid synthesis, 7 43, 7 43F
phosphol ip id t ransport ,  745
posi t ion in cel l ,697
protein assembly,735

GPI anchor attachment, 7 42-7 43, 7 42F
virus assembly and,  1 51 3,  1514F

protein degradation see Proteasome(s)
protein fo ld ing,736

misfolded protein fate, 739-7 42, 7 41 F
unfolded protein response, 7 40-7 42
see d/so Protein foldino

protein glycosylation, 73:6-73a, 7 37F, 7 47 F
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quality control, 7 67 -768
resident  proteins ,732F,736,737F,7 47F,767 ,

770-771,770F
selective retention, 771

retention signal, 736
retrieval pathway, 769-77O, 770-77 1 ,770F
rough ER, 725F, 726, 726F
smooth ER, 7 24-7 25, 7 25F, 7 26F

see d/so Sarcoplasmic reticulum
sphingomyelin synthesis, 7 44-7 45
structure, 696, 7 23, 7 24F
T-cell receptor assembly, 768
unfolded protein response, 7 4O-7 42
virus assembly and,  1 51 3,  1514F
volume,697T

Endoplasmic reticulum (ER), protein transport,
723-745

co-translat ional  t ranslocat ion.  mechanism. 732F
to Golgi apparatu s, 7 66-7 87, 7 68-7 69
MHC class I  proteins,  inhib i t ion by v i ruses,  1536
misfolded protein fate, 739-7 41, 7 41F
mult ipass t ransmembrane protein integrat ion,

734-736,735F
post-translational translocation, 7 32F, 736
quality control, 767-768
retrotranslocation, 391, 739-7 40, 7 40F
Sec6l protein translocator complex, 730-731,

730F,731F
signal recognition particle (SRP\, 727 -73O, 729F

mechanism of action, 7 28, 7 30
signal  sequences,  7 26-727, 7 33-734
single pass t ransmembrane protein integrat ion,

724-725,733F
SRP receptor, 728
start-transfer sional, 732
stop-transfer signal, 733, 733F

p-Endorphin,  product ion,  803F
Endosome(s)

antigen processing/presentation, I 583F
early, 782,784F,791 , 794F

aoical  and basolateral ,  799F
epithelial cells, 7 98, 7 99F
material retrieval, 7 92-7 94

funct ion,696
late, 7 82, 7 84F, 7 94F, 7 98, 7 99F
membrane amounts,697T
protein sort ing,807F
recycling, 793F, 7 94, 794F, 797 -79a, 7 97 F, 798F
transport to lysosomes, 791-792
volume,697T
see olso Endocytosis

Endosymbiont hypothesis, organelle evolutionary
or ig in,859-860

Endothelial cells. 1 445-1450, 1 447F
embryonic or ig in,  1446
inflammatory response, 1 534
structure, 1 445

tnootnei ln-J.  I  J /5
End-repl icat ion problem, 292
Energy

ATP as carrier. 61. 62F
see dlso Activated carriers in metabolism; ATP

(adenosine t r iphosphate)
cel l  use

catabolism. 70. 88-1 03
catalysis,65-87
energy conversion, 81 3-81 5
oxidation reactions, 70
see o/so Chloroplast(s); Mitochond ria; specific

uses
chemical bonds, 48-49, 49F,69F
electrical energy, 69F
forms,69F
free energy see Free energy
heat energy, 67-68,69F

see o/so Thermodynamics
interconversions. 69F. 81 3
kinetic energy, 69F
l ight  energy,69F

see o/so Photosynthesis
potent ia l  energy,69F

Engrailed gene/protein, 1 306F, 1340-1341, 1340F,
1352,1352F

protein structure vs yeast alpha2 protein, 1 38F
Enhancers. 438F, 1 309
Enhancesome, 447 , 447F
Enkephalins, proteolytic processing, 803
Eno tase ,  t z tF
Enteroendocrine cells. 1 437. 1 437 F
Entropy (5) 66-67,67F, 119F

Enveloped viruses, I 497, 1 505
see also specific viruses

Env gene, HIV (human immunodef ic iency v i rus) ,
1521

Environmental reservoirs, antibiotic resistance,
1523-1524

Enzyme(s), 6, 62-63, 72-7 5, 1 58-1 59
antibiotic resistance and, 1 522, 1 523F
catalysis see Enzyme catalysis
classification, | 59, 1 597
coenzymes/cofactors, 1 67
energetics, 72-73
mechanism of  act ion,  74F
multienzyme complexes, 1 68-1 69, 1 69F
receptor coupling see Enzyme-coupled

receptor(s)
regulat ion,  169-17 1,  17OF

cooperativity, 172 -17 3, 17 3F
phosphorylat ion ,  17 5-176
see a/so Allosteric regulation; Feedback

regulation
structure, 72

active site see Active site
regulatory sites, I 70

tetrahedral intermediate, 1 60
transi t ion state,  160
see o/so Metabolic pathway(s); individuol

enzymes
Enzyme catalysis, 1 59-1 69

catalytic antibodies, 1 60, 1 61 F
di f fusion- l imi ted,  1 63,  163f  ,  1 69
energetics, 72-73

activation e^e(gy, 72, 7 3F, 1 60, 1 6OF
free energy, 72
heat energr T4

enzyme-product complex, 164F, 166, 166F
enzyme-substrate interaction see

Enzyme-su bstrate interactions
equi l ibr ium points,  76,  78F
f loat ing bal l  analogies,  74F
kinetics see Enzyme kinetics
lysozyme catalysis, 1 63-1 65
mechanisms, 74F, 159-160, 160,164F, 166F
molecular tun nel ing, 167 -168, 168F

Enzyme-coupled receptor(s), 892, A92, 893F,
921-945

classes ol 921
see olso individuol receptors

Enzyme kinetics, I 59-1 60, 1 62-l 63FF
double reciprocal plot, 163
Kcar,162F,163
Km,160 ,  l 601  162F ,163
Michael is-Menten k inet ics,  162F, 163
reaction rates, 159-160, 1 60F, 1 61 F

inhib i tory l igands,  1 73,  173F
multienzyme complexes, 1 69

steady-state, 1 62F -1 63F
turnover numbet 159-160, l62F
ymax ,159 ,160F

Enzyme-l inked immunosorbent assay (ELISA),
588-589

Enzyme-substrate interactions, 7 4, 1 64F
di f fusion,74,75F,163
f i t , 160
kinetics effects, 1 59-1 60, 1 62F

see o/so Enzyme kinetics
lysozyme, 1 64-1 65, 1 64F
substrate bi ndi ng, 1 59-1 60 , 164-165, 164F

Eosinophi ls
attack on schistosomes, 1532, 1532F
cytokinesis, 1 556
l ineage and format ion,  1452F
structure, 1 452F
upregulat ion in parasi t ic  infect ion,  1451

Eosin,  sta in ing,  585F
Eph B, gut  epi thel ia l  cel l  migrat ion,1440-1441,

1441F
Ephexin,931
Eph receptors, 922, 923T, 1 392-1 393
Ephrin(s), 922, 923r, 931

receptors see Eph receptors
signal ing,  gut  epi thel ia l  cel l  migrat ion,

1440-1441, 1441F
see also specific types

Ephrin A2, retinotectal axon guidance, 1 393
Ephrin A5, retinotectal axon guidance, 1 392
Ephrin A proteins, 1392-1393
Ephrin 82, capillary sprouting, 1447-1448
Ephrin B family, gut epithelium, 1440-1441
Epidemics,  1487

l :17

Epidermal cells, 1 41 9-1 420
Epidermal growth factor (EGF), 1 103, 1 238
Epidermal growth factor receptor (EGFR), uptake by

endocytosis, T94
Epiderm is, 1 417 -1 428, 1 41 8F

associated structures/appendages, 1 41 8
ce l l s , 1419 -1420
granular laye\ 1 419, 1419F
interfollicular, 1 41 8-1 41 9
plants,  1402, 1404F
renewal by stem cells, 1 41 7-1 428

associated signaling pathways, 1426
rcte,1420
signal ing,  l426

stem cel l  d ist r ibut ion,  1422F
waterproof barrier, 1 418, 1420-1 421

Epidermolysis bul losa s implex,  986,  1005
Epididymis,  1294
Epigenetic phenomena, 219, 47 1 -47 3, 472F

bacte(ia,472
in cancer, 1 208
chromatin structure, 472
DNA methylation see DNA methylation
eucaryores,4T2
oenetic inheritan ce vs., 219F
histone modification see Histone modification
impr int ing see Genomic impr int ing
inheritance see Inheritance
mechanisms, 47 2-47 3, 47 2F
mono-allelic expression, 473
positive feedback loop, 471, 472F
protein aggregation state, 472F
silencing of tumor suppressor genes, 1 236,

1236F
twin studies,473.473F
see also Genomic imprinting

Epigenome,473
Epilepsy, voltage-gated cation channels, 682
Epinephr ine see Adrenal ine (epinephr ine)
Epistasis analysis, 558-559
E p i t h e l i a , 1 1 3 1 , 1 l 3 2 F

bacterial adhesion, 1 503
cel l -cel l  adhesion and cel l  junct ions,  1 1 33-1 1 35,

1134F
anchor ing junct ions,  I  133-1 150
apico-basal  polar i ty  mechanisms, I  155-1 157,

1 1 5 5 F , 1 1 5 6 F
occluding junct ions,  806,  1 1 50-1 1 58
planar cel l  polar i ty  mechanisms, I  157-1 158,

1157F
see a/so Adherens junction(s); Cadherin(s); Cell

adhesion;  Cel l  junct ion(s) ;
Desmosome(s)

columnar,  1 133
epi thel ia l -mesenchymal t ransi t ions,  1 141
folding,1142, 1143F
host defenses, 1 525-1 526, 1 526F

microbia l  evasion ol  1502-1504
mucus and.  1502,1525

as permeability barriers, 1 150
sensory, 1429-1433
s t ruc tu re ,1134F ,1150
see dlso Connective tissue

Epi thel ia l  cel l (s)
apicaf domain, 7 98, 7 99F, 806, 8O6F
endocytosis, 798,799F
glycol ip ids,62S
lgA transport, I 556F
membrane protein distribution, 645
microvilli formation, 1 007
polarity, 798, 7 99F, 8O6F
surface area, 1007
t ight  junct ions,  806

Epi thel ia l -mesenchymal t ransi t ions,  1 141
Epitopes (antigenic determinants), 1 545, 1 558F
Epi tope tagging,  514,  51 5F, 516F

see d/so Protein tags
Eostein-Barr virus (EBV), 1228T, 1 499
Epu lopiscium fi shelson i, 1 4F
Eoui l ibr ium

chemical ,  76-77 ,77F
free energy chan ges, 7 6, 77F

Equilibrium constant (K), 1 57 -1 59
refat ion to f ree energy changes,76,77f ,157,

1 58E I  59F
Eou i l ibr ium sedimentat ion,  511 ,  512F
ERGlC53 protein, ER to Golgi apparatus transport, 767
Erk (MAP-kinase), 929F
ERM (ezrin, radixin, mesin) family of proteins, 1009,

1  0 1 0 F
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ERp57, protei n folding, 7 37 F, 7 47 F
Error  correct ion,  DNA polymerase,  269-270, 27 }FF
Erythroblasts, 1 459, 1 459F
Erythrocyte(s), 1 453r, 1 459

complement les ion,  1529F
cytoskeleton, 646, 1 008-l 009
development, 1 454, 1 457 F, 1 459, 1 459F

see o/so Erythropoiesis
lifespan and turnover, 1 459
membrane, 618F,646

phosphol ip ids,626
osmolarity regulation, 663, 663F

rry lnromyctn,  J65 |
Erythropoiesis, 1 292-1 293

colony-stimu latin g factors role, 1 459 - 1 460, 1 462
erythropoietin role, 1 103, 1459-1460

Erythropoiet in,  I  103,  1459-1460
cel ls  responsive to,  1 459
synthesis, 1459,1460f
target cells and receptors, 1 4607

ES cel ls  see Embryonic stem (E5) cel ls
Escherichio coli,14F

double membrane,665F
enteropathogenic, 1 504, 1 504F
f lagel la,  tumbl ing,  942,  943F
gene expression regulat ion,  41 6,  433F,439, 4397

lactose (ldc) operon see lac operon
(Escherichia coli)

genome ,25F ,282
chromosome, 1491 F
replication, 282, 283F, 284F
sequencing,  552
size, 1 8T

as model organism, 24-25,25F
mutations, 264, 27 6-27 7
phylogenetics, tree of life, 1 6F
P  p i l i ,  1502
promoter sequences,  338F
RecA protein see RecA protein
replication, 282,283F

clamp loader stru cture, 27 5F
DNA polymerase structure,  268F
ref ractory period, 282, 284F

strand-directed mismatch repai, 277
transposons,  31 8T
uropathogenic,  1 502,  1 503F

E-selectin, 1 1 46
Estradiol, SS9F
Estrogen, receptor, 891 F
Ethical  issues,  reproduct ive c loning,  I  302- l  303
Ethylene, 957 -959, 958F
Ethylenediaminetetraacetic acid (EDTA), 502
Ethylene receptor, 958
Et ioplasts,84l
Eubacteria see Bacteria
Eucaryote(s), 1 4, 1 6F

cells see Eucaryotic cell(s)
epigenet ics,4T2
evol utiona ry origin, 26-27
general features, 26-32, 27F
genomes

DNA methylat ion,2ZS
hybr id,  3O
Regu la to r y  DNA,3 t -32
size,  1 81 30-31,  3 l  F

non-coding DNA, 31,  204
see o/so Noncoding DNA

predators,26-27
transmembrane proteins,  635

Eucaryot ic  cel l (s)
cell cycle see Cell cycle
cel l  l ines,  505,  5067
cel l  types,4 ' l  1

see o/so Cell differentiation
chemical  composi t ion,  mammal ian,  637
compartmental izat ion,  1 69

DNA localization, 200-201
see o/so Nucleus

intracel lu lar  membranes,  1 69
see d/so Organelle(s); specific comportments

div is ion see Cel l  d iv is ion
DNA packaging, 202-203

see d/Jo Chromatin; Chromosome(s)
DNA repl icat ion see DNA repl icat ion
gene expression, 345F, 412

coordination, 462, 463F
regulatory proteins see under Gene regulatory

protein(s)
transcriptional regulation see Transcriptional

control of gene expression

see d/so Gene expression; Transcription
gene structure see Gene structure,eucaryotic
m o t A h ^ l i r  r r i a  1 A O

mRNA Jee Messenger RNA,eucaryotic
protei n phospho(ylation, 1 7 6-1 7 7
protein synthesis see Translation
RNA polymerase(s) see RNA polymerase(s)
rRNAs see Ribosomal RNA,eucaryot ic
transcriDtion see Transcriotion

Euchromat in.  220.1070
5ee d/so Heterochromatin

Euglena, tree of life, 1 6F
Eve (Even-skipped) gene

combi natorial conlJol, 448-450, 449F
modular control of expression pattern, 448-449,

448F,449F,1 337,  1 339,  I  339F
Evolut ion

Algae,874,875F
animal-p lant  d ivergence, 955
ATP synthesis, a7O-876, 87 1 -A72, a72-A7 5
cancer as a microevolutionary process,

1205-1224
carrier protein(s), 655
conservation in see Evolutionarv conservation
electron transport chain(s), 876-87 6
gene (s ) , 16 -17

col lagen genes,  1 185-1 186
duplication/divergence see Gene

dupl icat ion(s)
see o/so Genome evolution

genomes see Genome evolut ion
Hemoglobin (Hb), 256-257, 256F
homologous recombinat ion and,  305
innate immune system, 1524
major events, 874F
metabolic pathway(s), 87 0-87 2

aerobic metabolism, 12, 27 , 873-874
carbon fixation, 872-87 5

molecular see Molecular evolution
mult icel lu lar i ty  and cel l  communicat ion,  955
mutation rate analysis, 264

see d/so Mutation rates
myosin and k inesins,  101 5-1016
organel le(s), 697 -699, 7 }OF

see olso specific orgonelles
pathogens,  I  520-1 521
plant(s), 36, 840-841
proteins 5ee Protein evolution
sexual  reproduct ion and,  1271-1272, 1271F
tree of life, 15-17, 16F, 23
see o/so Origin of life

Evolutionary conservation, I 7, 1 7F
cytoskeletal elements, 982-983
genome sequence, 39-40, 207, 208F, 246, 250,

292
histones,  21 3
homeodomain proteins, 1 38F, 420-421
meiosis.  1280, 1286
mult icel lu lar  development,  1 306F, 1 307

Evolutionary time, units, 265
Evolutionary tracing, protein family binding-sites,

1 55-1 56,  1 55F
Excis ionase,  phage lambda, 326
Excitatory postsynaptic potential (EPSP), 688
Exocytosis, 7 50F, 799-809

constitutive, 800, 801 F
default pathway, 800, 801 F
extracel lu lar  matr ix ,  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)

Exon(s),346,347
gene structure (eucaryotic), 206
length var iat ion,  352,  353F
recombinat ion in evolut ion,  255
skipping,  352,  355,  355F

"Exon def in i t ion hypothesis i '  352,  353F
Exon-junction complexes (EJC), nonsense-

mediated mRNA decay, 386
Exonucleolytic proof readin g, 269 -27 O, 27 OF
Exosome, 358.485
Exper imental  embryology,  1 31 0-1 31 1,  1 31 0E

1 3 1 1 F
Exportin(s), HIV mRNA transport, 485, 486F
Export-ready mRNA, 327, 357 ,358-359, 359F
Expressed (DNA) sequences see Exon(s)
Extracellular matrix (ECM), 117a-1195

basal  lamina see Basal  lamina

cell adhesion/interaction see Cell-matrix
adhesions

cell secreting/synthesis, I 179, 1 1 79F
components, 1 1 65

fibrous proteins, 145-146, 147F, 1179
see olso specific proteins

shapes/sizes, 1 166F
see olso Glycoprotein(s); speciflc

mocromolecules
compressive forces and, 1 1 80-1 1 81
degradat ion,  1 193

local isat ion,  1 194
matrix metalloproternases, 1 194
serine proteinases, I 194

divers i t ,  1 178
exocytosis, 800
matrix receptors, 1 169

see o/so Integrin(s)
mechanical  interact ions,  1189, 1 189F, 1 190F

f ibronect in f ibr i l  assembly and,  I  191-1 193,
1 192F

plant(s) ,  I  180,  1 195
see a/so Plant cell wall

tensile forces and, I 042F, 1 1 87-1 1 89
tissue morphogenesis and repair, I 1 80-1 1 8t
see a/so Bone; Cell adhesion; Cell junction(s)

Extracel lu lar  s ignal  molecule(s) /pathway(s) ,
880-881,880-886

cel l  response,885
cel l  s izelnumber regulat ion,  1 102
classified by range of action, 881 -883
co,889
combinator ia l  act ion,  884
compet i t ion for ,  1 l  t0
development, gonad specification, 1 283
growth factors see Growth factors
hydrophobic, S89
inhib i tory,  1 102,  1 103,  1 I  10,  1 1 1 1 F
mitogens see Mitogen(s)
Nq 887-889,888F
survival factors see Survival factor(s)
see also specific types/pathways

Extracel lu lar  space,  I  164
Eyo (Eyes obsent) gene, 466F
Eye color, as polygenic trait, 563
Eye development, genetic control 466, 466F

see also specific Aenes
Ey (Eyeless) gene/protein, 466, 466FF, 1306F, i352
Ezrin, 1 009

F

FqFl ATPase see ATP synthase
Facilitated diffusion, 653
FACS see Fluorescence-activated cell sorter
Factor V, secretion from ER,767
FactorVl l l ,348F,767
Facultative pathogens, 1 490
FAD/FADH2

citric acid cycle, 98, 817
electron carrier, 81 8-81 9, 81 9F
fatty acid oxidation, 97F
structure, 99F

FAK ( focal  adhesion k inase),937,  1176-1177,
1 176F

Fami l ia l  adenomatous polyposis col i  (FAP),  1253,
1  253F

Familial hypertrophic cardiomyopathy, 1 031
Fanconi anaemia groups A-G, DNA repair disorders,

29sr
FAP ( fami l ia l  adenomatous polyposis col i ) ,  1253,

1253F
Fascicles (fiber tracts), neuronal, 1 387
Fasciclin3, synapse formation, I I 47
Fas l igand, 1120, 1571, 1573F, 1594
Fas receptor protein, 1 571, 1 594
FASTA sequence alignment, protein analysis, 53 1
Fat(t

composition, 58-59
see o/so Fatty acids

digest ion,96
energy source, 91 , 94,96, 824f
storage, 8F, 91, 94
structure, 97F
see d/so Lipid(s); s pecific types

Fat cells, 625, 1 474-1 47 6, 1 47 5F, 1 47 5FF
gene expression regulat ion,  g lucocort icoids,  41 5

Fat droplets, 1474
Fat proteins (cadherin superfamily), I I 37, 1 1 387
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members in different eucaryotes,
1 4007

Wuschel  protein,  1410, 1410F

x
X-chromosome(s\, 202, 47 3, 127 1, 1 284

inactivation see X-inactivation
meiot ic  pair ing,  1275

Xenografts, transplantation reactions, 1 575
Xenopus laevis, 39,39F

development see Xenopus loevis development
genome dupl icat ion,  38-39
species differences, 38-39

Xenopus loevis development, I 363F
cel l  movement dur ing development,  1363
effect of blocking Notch signaling in, 1 360F
egg,1364F

cell-free systems, 1 058, 1 058F
fertilization, 1 057
growth, 1 058F
microtubule dynamics dur ing mitosis,  1080,

1 0 8 1 F
embryo

cel l  cycle analysis,  1 057-1 058,  1 057F
cleavage, 1 058F

gastrulation, 1 365-1 369, 1366F, 1367F, 1368F,
1 369F

cell movements, 1365-1367, 1 365F, 1 366F,
1367F

cell packing changes (convergent extension),
r 368 -1369 ,1369F

signals contro l l ing,  1367
Xenopus ruwenzoriensis, 39
Xenopus tropicolis, 39, 39F
Xeroderma pigmentosum (XP), 2951 1 208
XIC (X-inactivation center), 474
X-inactivation, 473-47 5, 47 3F, 47 4F

Barr body,473
dosage compensat io,  473,  475-476
histone H2A variants, 47 4-47 5
histone H3 variants, 475
histone H4 variants, 475
mechanism, 285, 47 3-47 5, 47 3F
mosaics,  1209F
random chromosome choice, 473-474
see o/so Gene s i lencing;  Genomic impr int ing

X-inactivation center (XlC), 474
XIST RNA, 473F,474
XMAP21 5, microtubule formation, 995F, 1004,

1 004F
Xpd gene/protein, mouse knockouts, 568F

x-tay(s),527 -528
sensitivity, DNA repair defects, 2957
synchrotron sources, 529

X-ray crystallography
DNA, I 95-1 96, 1 97
electron density maps, 528
historical aspects, 5307
lgG structure,  1 561 F
protein structu re determination, 1 39, 527 -529,

528F

Y

YACs see Yeast artificial chromosomes (YACs)
Y-chromosome, 202, 47 3, 1 27 1, 1 284

meiot ic  pair ing,  1275
Sry gene,1284

Yeast(s), 33, 606F, 1 494
budding see Budding yeast(s)
cell cycle control, 1056-1057, 1056F, 1057F,

1 062, 1 063F
chromosome repl icat ion,  21 0
E. coli vs.,34
fermentations, 90

see a/so Glycolysis
fission yeast see Schizosocchoromyces pombe
gene expression analysis,  34-35
genetics 5ee Yeast genetics
genome, 34,  31 8T
metabol ic  map, 102F
mitochondria, 857, 858F, 867 F

DNA, 863, 864-865, 865F, 466-867
as model eucaryote, 33-34
'protein-only inheritancei 398, 398F
protein transport studies, 703F
reproductive cycles, 34F
sexual  reproduct ion,  haploid vs.  d ip lo id cel ls ,

1269-1270,1270F
"shmoo:'1044, 1044F
in tree of life, I 6F
two-hybrid methods, protein-protein

i nteractions, 523-524, 524F
ut i l i ty  as model  organisms, 1056
vacuoles, lysosomal properties, 7A1-782

Yeast artificial chromosomes (YACs), 541, 542F
Yeast budding

cellular polarity, 880, 1 044, 1 045F
mating types, 1044
signaling pathway, 880, 880E 1 045F

Yeast genetics
gene regulatory proteins, DNA sequence

recognition, 41 8T

l:49

mitochondr ia l  DNA,863
inheritance, 864-865, 865F
petite mutants, 866-867

mutagenesis, deletion cassettes, 570
Yersi n i o pesti s, 1 502, 1 502F, 1 520
Yersinio pseudotuberculosis, I 508, 1 520
Yolk,1287, 1290
Yolk granules, 1 287

z
Zap70 tyrosine kinase, 1 590F
Z disc, 1026, 1027F
Zebrafish, 255, 556, 592F, 1 391 F
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
seq uence specilicity, 427 F
structure,42l, 422F
ty pes, 421| -422, 422F, 423F
zinc finger repeats, 42 I

Zinc protease, lethal toxin, 1 493
Zona adherens (adhesion belt\, 1 1 42, 1 1 43F
Zona occludens see Tight junction(s)
Zona pelf ucida, 1287, 1 288F, 1291F, 1298, 1298F,

1 300
ZOpro te i ns ,1154
ZP1 glycoprotein,  l29S
ZP2 glycoprotein, 1 298, 1 300
ZP3 glycoprotein, 1 298, I 300
Z-r ing,  format ion dur ing cel l  d iv is ion,  989,989F
Z scheme (photosynthesis), 852
zygote,1269

centr io les,  1 3Ol,  1 301 F
reconstruction (cloning), genome preservation,

411,  413F
zygotic-effect genes, I 337
see a/so Fertilization

Zygotene,1275
Zygotic-effect genes, 1 337
Zymogens,793
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Hist idine
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Lysine

Leucine

Methionine

Asparagine

Prol ine

Glutamine

Arg in ine

Serine

Threonine

Val ine

Tryptophan

Tyrosine
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c
D

E

F

G

H

I

K

L
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N
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Ala
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Asp

G l u

Phe

Gly

His
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Lys
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Met
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Pro
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5er

Thr
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GCA GCC GCG GCU

UGC UGU

GAC GAU

GAA GAG

U U C  U U U

GGA GGC GGG GGU

CAC CAU

AUA AUC AUU

AAA AAG

UUA UUG CUA CUC CUG CUU

AUG

AAC AAU

ccA ccc ccc ccu
CAA CAG

AGA AGG CGA CGC CGG CGU
AGC AGU UCA UCC UCG UCU
ACA ACC ACG ACU

GUA GUC GUG GUU

UGG

UAC UAU


