Chromosomes, the Cell Cycle,

and Cell Division
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Jclear division occurs
Iring mitosis. g. S w e
Mitosis Cell division—cytakinesis—

(M)

division and occurs at the

end of the M phase.

Gap 2
(G2)

Interphase

is distinct from nuclear e

DINA synthesis Cells that do not divide
S5) are usually arrested in

f the G1 phase,

NA is replicated during the
phase, between the G1
wd G2 phazes,

. The Eukaryotic Cell Cycle {Page 167)

Mitogenic signals
stimulate the synthesis

[l Cdk1 initiates of cyclin D.

mitosis,

Tumor suppressors
can biock cyclin D
activity,

CyclinDand E
and Cdk4 and
2 phosphorylate

RB, inactivating it.

R {“restriction point”)
must be passed for the
cell cycle 1o proceed.

Cak2 stimulates DNA
replication,

Cyclin-Dependent Kinases and Cyclins Trigger Transitions in the Cell Cycle (Page 168)
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kinetochores and to the spindle pales.
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The Mitotic Spindte Consists of Microtubules (Page 171) = ke
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Interphase Prophase Prometaphase

Centrosomes

o MNuclear
envelepe

Kinetocho
( microtubu

Developing
spindle

Nucleolus .
Centrosoime

Nuclear

envelope Kinetochose
Chromatids of
chromosomes
During the S phase cf interphase, the The chromatin ceils and supercoils, The nuclear envelope breaks down, Kineto-
riucleus replicates its DNA and centrosames, becaming more and more compact and chore microtubules appear and connect the
eventually condensing into visible kinetochares to the microtubule arganizing
chromesomes. The chromesomes consist centers.

of identical, paired sister chramatids,

Metaphase Anaphase Telophase
Equatorial —— Daughter
(metaphase) 1 chromosomes
plate

The centromeres (regions cannecting paired The paired sister chromatids separate, and The daughter chromosomes reach the poles.
chromatids) become aligned in a plane at the new daughter chromaosomes begin to Telophase passes into the next intarphase as
the cell's equator, move toward the poles. the nuclear envelopes and nuclecli re-form

and the chroematin becomes diffuse.

9.8 Mitosis (Pages 172-173)
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After replication,
the two chromatids

At metaphase, most At anaphase, securin,
cohesin is removed, an inhibitory subunit

are held together
by the protain
cohesin.

except (or some at of separase, is hydro-
the centromere, lyzed. Separase e —_ R
hydrolyzes the

remaining cohesin. —— s e

} Molecular Biology of Chromatid Attachment and Separation T ' T
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2 Fertilization and Meiosis Alternate in Sexual Reproduction (Page 175)
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Numbers of Pairs of Chron;oso-r;es in
Some Plant and Animal Species

NUMBER OF
COMMON NAME SPECIES CHROMOSOME PAIRS
Mosquito Culex pipicns 3
Housefly Musca domestica &
Toad Bufo americanus 11
Rice Oryza saliva 12
Frog Rawa pipiens 13
Alligator Alligator mississippiensis 16
Rhesus monkey  Macaca midatia 21
Wieat Triticum aestioum 21
Human Homo sapiens 23
Potato Solarmn Luberosuns 24
Donkey Equns asinus 31
Horse Equus caballus 32
Dog Canis familiaris 39
Carp Cuprinus carpi 32

(Page 177)

CHROMOSOMES, THE CELL CYCLE, AND CELL DIVISION T
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EIOSIS ]

Early Prophase 1

mbrosomes

Mid-Prophase I

Pairs of
homologs

Late Prophase I-Prometaphase

| The chromatin begins to condense following
interphase.

EIOSIS II

Prophase 11

Synapsis aligns homologs, and chromao-
somes condense. Homologs are shown in
different colors indicating these caming
from each parent, In reality, their differences
are very small, usually comprising different
alleles of some genes,

Metaphase 11

Equatorial
plate

The chromaesomes continue to coil and
shorten. Crossing over results in an exchange
of genetic material. In prometaphasa the
nuclear envelope breaks down,

Anaphase I

| The chromesomes conderise again,
following a brief intarphase (interkinesis)
in which DA dees not replicate.

14 Meiosis (Pages 178-179)

Kinetochores of the paired chromatids line
up across the eguatorial plates of each cell.

The chromatids finally separate, becoming
chromoseomes in their own right, and are
pulled to opposite poles, Because of crossing
over in prophase |, each new cell will have a
different genetic makeup.
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Metaphase | Anaphase I

Telophase [

T The homelegaus chromosomes ling up on } The homologous chromaosomes (each with

the equatarial (metaphase) piate.

the cell.

teo chromatids) move to opposite poles of

Telophase 1T Iroducts

The chromasomes gather into nuclel, and Each of the four cells has a nucleus with a
the cells divide. haploid number of chromosomes.

The chromosames gather into nuclei, and
the ariginal cell divides.
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Curing prophase |, homo-
legous chromosomes, each 12
with a pair of sister chroma-
tids, line up to farm a tetrad.

der
Homologous =

A crossover forms between I — A
adjacent chromatids of
different hemologs.

Crossover S R .

The homologs break at the = Y S oAl
point of cross-over and

rejoin, resulting in e RERT AL i
recombinant chromatids.
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chromatids S Sk S =

|6 Crossing Over Forms Genetically Diverse Chromosomes
1ge 180) et NS,

ITOSIS

Parent cell (2n) Prophase Metaphase Anaphase

No synapsis of Individual chromosomes Centromeres separate. Sister
homolegous chremosomes align at the equatorial plale. chromatids separate during anaphase,
becoming daughter chromosomes.

EIOSIS

Parent cell (2i) Prophase Metaphase I Anaphase |
Homelegous

chromosome
pairs

Crossover

Synapsis and cressing Homeologous pairs align Centremeres do nol separate; sister

aover of homologs at the equaterial plate. chromatids remain together during
anaphase; homologs separate; DNA
does nod ceplicale before
subsequent prophase.

17 Mitosis and Meiosis: A Comparison (Pages 182-183)
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Twao daughter
ceils [each 2n}

Mitasis is a mechanism for constancy:
The parent nucleus produces twa
identical daughter nuciei.

Telophase I

Four daughter

Metaphase If
cells (each )

Chromatids separate.

Meiosis is a mechanism for diversity:

The parent nucleus produces faur
different haploid daughter nuchei.
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s

same pole.

Nondisjunction occurs if,
during anaphase of meiosis |,
both homologs go to the

}Only one pairofhomolo-] ./f
gous chromosomes is :
emphasized. In humans, [
there are a total of 22
other pairs.

Meiosis 1

N

) After meiosis i,
these gametes
are missing a

chramosome. .. -
AN
Meiosis 11
1
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Fertilization

by normal sperm
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Chromosome (rom
normal gamete
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Chromosome from
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gametes have an
extra chromosome.

JFertilization with a gamete
containing the narmal number of
chromosormes (23) results in an
individual with one chromosome
missing (monosamy).

Fertilization with a gamete

an individual with an extra
chromosome (trisomy).

containing the normal number
of chramosomes (23) results in

18 Nondisjunction Leads to Aneuploidy (Page 183)

!" 2 Two Different Ways for Cells to Die

NECROSIS

APOPTOSIS

timuli Low Q,, toxins, ATP depletion, damage
\TP required No
“ellular pattern Swelling, organelle disruption, tissue death

ONA breakdown  Random fragments
lasrma membrane  Burst

‘ate of dead cells  Ingested by phagocytes
leaction in tissue  Inflammation

Specific, genetically programmed physiological signals

Yes

Chromatin condensation, membrane blebbing, single-cell death
Nucleosome-sized fragments

Blebbed (see Figure 9.19)

Ingested by neighboring cells

Mo inflammation

ige 184)



