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A. Cell cycle events

G, refers to the second gap in which
there is no DNA synthesis. During
G,, the cell continues to synthesize
RNAs and proteins, including those
for mitosis, and it continues to
grow. The end of G, marks the end
of interphase; mitosis then begins.

(Interphase ends
in parent cell)

If the cell is going to divide, DNA
replication begins. During S phase,
the cell duplicates each chromo-
some, including both the DNA
and the chromosomal proteins,
and it also continues synthesis

of other cellular molecules.

G, phase is a period of growth
before the DNA replicates. The cell
makes various RNAs, proteins, and
other types of cellular molecules but
not DNA (the G in G, stands for
gap, referring to the absence

of DNA synthesis).

B. Chromosomes and DNA molecules at different stages

of the cell cycle

p
Cell cycle stage

G

Each G, chromosome
is unduplicated, with
one DNA molecule.

After S, in G, and at
beginning of M

After S, each duplicated
chromosome consists
of a pair of sister
chromatids held tightly
together. Each sister
chromatid contains one
DNA molecule, each of
which is an exact copy
of the other.

After M

During M, the sister
chromatids separate
and become daughter
chromosomes, each of
which contains one
DNA molecule. The two
daughter cells produced
by cytokinesis each
receive one copy of the

daughter chromosome.
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Interphase Prophase Prometaphase

Developing Nuclear
spindle envelope

Centrosomes

Kinetochore
microtubules

Nucleus Nucleolus
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(i During the S phase of interphase, the nucleus ‘ g The chromatin coils and supercoils, becoming more ? The nuclear envelope breaks down.

Kinetochore

‘\ replicates its DNA and centrosomes. and more compact and condensing into visible Kinetochore microtubules appear and

N chromosomes. The chromosomes consist of connect the kinetochores to the poles. |
identical, paired sister chromatids. Centrosomes i
move to opposite poles.
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Metaphase Anaphase Telophase

Equatorial ——— | Daughter

(metaphase) 1 chromosomes .
plate (i \ D

(3 The daughter chromosomes reach the poles. i
the new daughter chromosomes begin to As telophase concludes, the nuclear

€8 The centromeres become aligned in a plane at ) The paired sister chromatids separate, and

| the cell's equator.

Y )

| move toward the poles. envelopes and nucleoli re-form, the chromatin
decondenses, and, after cytokinesis, the

daughter cells enter interphase once again.
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Actomyosin
contractile ring

16 pm

(a) TEM of the equatorial region of a cultured animal cell undergoing
cytokinesis. Note the cleavage furrow. Dividing fungal cells also have
a contractile ring that causes cytokinesis.

Vesicles gather Small vesicles Eventually one New cell walls
on cell's fuse, forming large vesicle (from vesicle
midplane larger vesicles exists contents)

E. H. Newcomb and B. A. Palevitz/Biological Photo Service

Plasma Cell Cell plate New plasma
membrane  wall forming membranes

3 3 G T from vesicle

(b) Cell plate formation during cytokinesis in a plant cell. The TEM Snembranes)

shows a maple leaf cell (Acer saccharinum) undergoing cytokinesis.
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MEIOSIS |

Early prophase | Mid-prophase | Late prophase I-Prometaphase

The chromatin begins to condense following Synapsis aligns homologs, and chromosomes The chromosomes continue to coil and shorten.
interphase. condense further. The chiasmata reflect crossing over, the
exchange of genetic material between nonsister
chromatids in a homologous pair. In prometa-
phase the nuclear envelope breaks down.

[ -—— -— A .
Metaphase | Anaphase | Telophase |

The homologous pairs line up on the equatorial The homologous chromosomes (each with The chromosomes gather into nuclei, and the
(metaphase) plate. two chromatids) move to opposite poles of original cell divides.
the cell.
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MEIOSIS I

Prophase Il Metaphase Il Anaphase Il
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T The chromosomes condense again, } [? The centromeres of the paired chromatids Iine] The chromatids finally separate, becoming

Equatorial plate

following a brief interphase (interkinesis) up across the equatorial plates of each cell. chromosomes in their own right, and are
in which DNA does not replicate. pulled to opposite poles. Because of crossing
over and independent assortment, each new
cell will have a different genetic makeup.
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The chromosomes gather into nuclei, and the Each of the four cells has a nucleus with a
cells divide. haploid number of chromosomes.
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MITOSIS

Parent cell
(before chromosome duplication)

Pair of duplicated
homologs held
Chromosome together by chiasma
Bise and sister chromatid
n=

Prophase

Chromosome

Duplicated chromosome duplication

(two sister chromatids)

Individual

Metaphase chromosomes
line up at the
- | metaphase plate.
Anaphase Sister chromatids
Telophase separate during

anaphase.

2n

Daughter cells
of mitosis

Chiasma (site of

crossing over) MEIOSIS 1

Prophase I

duplication S
cohesion

Pairs of homologous

“w

chromosomes Metaphase I
line up at the
metaphase plate.
Anaphase I
Homologs
separate during Telophase 1
anaphase I; Haploid
sister chromatids L
remain attached
at the centromere. Daughter
cells of

meiosis I
i MEIOSIS 1T
chromatids
separate
during

anaphase II.
e Daughter cells of meiosis 11

SUMMARY

Property Mitosis (occurs in both diploid and haploid cells)

DNA replication Occurs during interphase, before mitosis begins

Number of One, including prophase, prometaphase,
divisions metaphase, anaphase, and telophase
Synapsis of Does not occur

homologous

chromosomes

Number of Two, each genetically identical to the parent
daughter cells cell, with the same number of chromosomes
and genetic

composition

Role in animals,
fungi, and plants

Enables multicellular animal, fungus, or plant
(gametophyte or sporophyte) to arise from a
single cell; produces cells for growth, repair,
and, in some species, asexual reproduction;
produces gametes in the plant gametophyte

Meiosis (can only occur in diploid cells)

Occurs during interphase before meiosis I but not meiosis II

Two, each including prophase, metaphase, anaphase, and
telophase

Occurs during prophase I along with crossing over
between nonsister chromatids; resulting chiasmata
hold pairs together due to sister chromatid cohesion

Four, each haploid (n); genetically different from the parent
cell and from each other

Produces gametes (in animals) or spores (in fungi and in plant
sporophytes); reduces number of chromosome sets by half and
introduces genetic variability among the gametes or spores

DRAW IT » Could any other combinations of chromosomes be generated during meiosis II from the
specific cells shown in telophase 1? Explain. (Hint: Draw the cells as they would appear in metaphase I1.)
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MSINAAUIUSKUNIWUSNSSU (Source of Genetic Variation)
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@) (b) © Gametes
This cell has three One of each pair is
homologous pairs maternal in origin
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Conclusion: Eight different combinations of chromosomes
in the gametes are possible, depending on how the
chromosomes align and separate in meiosis | and II.
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MsAUALININSIBAA (Cell Cycle Control)

G, checkpoint

M checkpoint

Gy ekt & amidl 14 mseuaunsuUamadniiy cell cycle checkpoint fnee
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@ synthesis of cyclin
begins in late S phase
and continues through
G,. Because cyclin is
prqtected from degra-
© During G,, the degradation dation during this stage,
of cyclin continues, and it accumulates.
the Cdk component of
MPF is recycled.
(5]
EY
b
@ :
ded §
Degrade
cyclin - &
G,  Cdk §
Cyclin is checkpoint >
degrade /'.
MPF Cyclin
@ During © MPF promotes @ Cyclin combines
anaphase, the mitosis by phos- with Cdk, producing
cyclin com- phorylating MPF. When enough
ponent of MPFis  various proteins. MPF molecules
degraded, MPF's activity accumulate, the cell
terminating the peaks during passes the G,
M phase. The metaphase. checkpoint and
Time ——» cell enters the begins mitosis.
(a) Fluctuation of MPF activity and cyclin concentration during Gyphadn.
the cell cycle (b) Molecular mechanisms that help regulate the cell cycle
a ' )
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G4 checkpoint
In the absence of a go-ahead signal, If a cell receives a go-ahead signal, the
a cell exits the cell cycle and enters cell continues on in the cell cycle.
Go, a nondividing state.
(a) G4 checkpoint
(|
- '
‘
M checkpoint
Prometaphase Metaphase
A cell in mitosis receives a stop signal When all chromosomes are attached
when any of its chromosomes are not to spindle fibers from both poles,
attached to spindle fibers. a go-ahead signal allows the cell to
roceed into anaphase.
(b) M checkpoint P P
~ . Ao w 1
A 16 cell cycle checkpoint fidAgyluaa
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Scalpels 4 < Figure 12.18 Y Figure 12.19 Density-dependent inhibition

The effect of and anchorage dependence of cell division. Individual
platelet-derived cells are shown disproportionately large in the drawings.
growth factor
(PDGF) on cell

@ A sample of human
connective tissue is
cut up into small
pieces.

division. Cells anchor to dish surface and
dish divide (anchorage dependence).
@ Enzymes are used to
digest the extracellular When cells have formed a
matrix in the tissue complete single layer, they stop
pieces, resulting in a dividing (density-dependent
suspension of free = inhibition).
fibroblasts.
©) Cells are transferred to
culture vessels containing If some c_ell; are scrapgd away,
a basic growth medium the remaining cells divide to fill
consisting of glucose, @ PDGF is added to half the gap and then stop once they
amino acids, salts, and the vessels. The culture contact each other (density-
antibiotics (to prevent vessels are incubated dependent inhibition).
bacterial growth). at 37°C for 24 hours.

Without PDGF With PDGF

In the basic growth medium In the basic growth medium plus
without PDGF (the control), PDGF, the cells proliferate. The . o i ’
the cells fail to divide. SEM shows cultiired Tibroblasts: (a) Normal mammalian cells. Cell density is limited to a single layer

by contact with neighboring cells and the availability of nutrients,
growth factors, and a substratum for attachment.

MAKE CONNECTIONS >
PDGF signals cells by binding to
a cell-surface receptor tyrosine
kinase. If you added a chemical
that blocked phosphorylation,
how would the results differ?
(See Figure 11.8.)

(b) Cancer cells. Cancer cells usually continue to divide well beyond
a single layer, forming a clump of overlapping cells. They do not
exhibit anchorage dependence or density-dependent inhibition.

A7 17 waves PDGF densuuawad wazdnwazuainisulamaafiiu density-dependent inhibition wag

anchorage dependence cell division vauguULTaaluaaUNALazITadELS

L
3
w,

Lymph Breast cancer cell (colorized
vessel SEM)

Tumor e
Blood
vessel

—_— —
Glandular oLl Metastatic
tissue cell tumor
© A tumor grows from @ Cancer cells invade © Cancer cells spread through @ A small percentage of cancer
a single cancer cell. neighboring tissue. lymph and blood vessels to cells may metastasize to
other parts of the body. another part of the body.

Ad 18 Msiulauaynns metastasis vaaugidadus (malignant breast tumor)
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