How Cells Reproduce




Overview of

Cell Division Mechanisms

= At the beginning — we are just one cell!l! All
cells come from cells

= Cellular reproduction leads to trillions of cells —
and is going on in your body RIGHT NOW!!!
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Growth!!!

Functions of cell division!!!




Cellular Reproduction is used for various purposes!

different processes!!!

= Asexual reproduction

* No sperm or egg needed!
* We'll talk about sexual reproduction next chapter!

= Growth AN
= Tissue repair

= Cell division includes 2 parts
* Cell growth — cell duplicates its contents

* Cell division — parent cell divides into 2 daughter
cells




Chromosomes

= |n cell division, duplicated
duplicatiQn

DNA replicates chromosom chromosome
(Coples Itself) g?l;ii:;ting K centromere
* Later passedto  chromatid { \
daughter cells S
= DNA packaged ehromatids

iInto chromosomes S
Sister chromatids joined at

* DNA & proteins centromere -
= All DNA & proteins

(unduplicated)
= chromatin

one chromatid
its sister chromatid

one chromosome
(duplicated)
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Key Points About Chromosome Structure

= A chromosome consists of DNA that is wrapped
around proteins (histones) and condensed

= Each histone and the DNA wrapped around it
make up a nucleosome, the smallest unit of
structural organization in chromosomes




Chromosome Structure

= DNA wound around
histones to form
nucleosomes

* Humans have 46
chromosomes (23
pairs)

= Before cell division
chromatin
condenses into
chromosomes
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http://www.youtube.com/watch?v=gbSIBhFwQ4s

Introducing the Cell Cycle

= A sequence of 2
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* Interphase
* M (Mitotic) Stage

= Begins when a new
cell forms, ends when
2 daughter cells arise

Growth occurs as

anaphase
metaphase

Mitosis anc
pnase

cytokinesis
occur.

pro

Growth occurs
as cell prepares
to divide.

DNA replication
occurs as
chromosomes
duplicate.




Interphase — Majority of the cell cycle

3 stages of interphase

* G,: Interval of cell
growth and activity
* Organelles double
* Divide or not???
» G, — no division
* S: Interval of DNA
replication
(synthesis)
* G,: Interval when
the cell prepares for
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Growth occurs as

anaphase

Mitosis and metaph::e
cytokinesis p‘_op\\a
occur.

Growth occurs

5 oo as cell prepares DNA replication
d |V|S|0n to divide. occurs as
chromosomes..__

duplicate.



Eukaryotic Cell Cycle

G1 5
Interval of cell growth before Interval of cell growth when
DMNA replication {chromosomes the DMA is replicated (all
unduplicated) chromosomes duplicated)

G2
cytoplasmic -, Interval after DMNA
division; each N == replication; the cell
daughter cell prepares to divide
enters interphase

Interphase ends for parent cell

‘M (mitotic) phase
*Cell division occurs
Division of nucleus (mitosis)
*Division of cytoplasm (cytokinesis)




Mitosis & Cytokinesis

= Mitosis produces two diploid nuclei with the same
number and kind of chromosomes as the parent

* Daughter chromsomes = separated sister

chromatids
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/ duplicated ’
chromosome
chromosome duplication mitosis
consisting > T > ®)
of one _ centromere |
chromatid l
= sister daughter




Mitosis and Chromosome Number

= Mitosis maintains parental chromosome number
from one generation to the next

* Bipolar spindle (made of microtubules at
centrosome) divides sister chromatids

* Microtubules from opposite poles attach to
different sister chromatids and separate them

pole

microtubule of IS
bipolar spindle |-

chromosomes




A Closer Look at Mitosis

= Mitosis proceeds in four stages:

Prophase
Metaphase
Anaphase
Telophase
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Growth occurs as

anaphase
Mitosis and metapha:e
cytokinesis p‘-oP“as
occur.

Growth occurs
as cell prepares
to divide.

DNA replication
occurs as
chromosomes—

duplicate.



Prophase

" Prophase
* Chromosomes condense
* Microtubules form a bipolar spindle
* Nuclear envelope breaks up

 Microtubules attach to the chromosomes

* Microtubules from each spindle pole harnesses
one chromatid of each chromosome

= Centrosome

* A region near the nucleus that organizes spindle
microtubules; usually includes two centrioles (in
animal cells)




Cell cycle G,, S, G, Cell cycle M: Phases of mitosis

centrioles in
centrosomes

centrosome spindle

fibers

nucleolus

chromatin

centromere = A RS\ Y/ l
& A nuclear

nuclear envelope

envelope chromosome, fragments
plasma consisting of
membrane two sister
chromatids
Interphase Prophase
During interphase, the eukaryotic =~ During prophase, the chromosomes are Prophase continues with the
cell duplicates the contents of the condensing. Each consists of two sister disappearance of the nucleolus and the
cytoplasm, and DNA replicates in chromatids held together at a centromere. breakdown of the nuclear envelope.
the nucleus. The duplicated Outside the nucleus, the spindle begins to Spindle fibers from each pole attach to the
chromosomes are not yet visible. assemble between the separating chromosomes at specialized protein
A pair of centrosomes is outside centrosomes. complexes on either side of each
the nucleus. centromere. During attachment, a

chromosome first moves toward one pole
and then toward the other pole.

Figure 876 Phases of mitosis in animal cells e




Metaphase, Anaphase, & Telophase

* Metaphase

* All duplicated chromosomes line up midway between
the spindle poles

= Anaphase

* Microtubules separate the sister chromatids of each
chromosome and pull them to opposite spindle poles

* Telophase
* Two clusters of chromosomes reach the spindle poles
* A new nuclear envelope forms around each cluster

* Two new nuclei are formed, each with the same
chromosome number as the parent cell




Phases of mitosis

chromosomes
at spindle
equator

spindle nucleolus
pole forming
nuclear
envelope
forming
Metaphase Anaphase Telophase and Cytokinesis
During metaphase, the During anaphase, the sister chromatids During telophase, the spindle disappears as
chromosomes are aligned at the separate and become daughter new nuclear envelopes form around the
spindle equator midw ay between chromosomes. As the spindle fibers daughter chromosomes. Each nucleus
the spindle poles. The spindle attached to the chromosomes contains the same number and kinds of
fibers on either side of a disassemble, each pole receives a set of chromosomes as the original parent cell.
chromosome extend to opposite daughter chromosomes. The spindle Remnants of spindle fibers are still visible
poles of the spindle. Unattached poles move apart as the unattached between the two nuclei. Division of the
spindle fibers reach beyond the spindle fibers slide past one another. This cytoplasm begins.
equator and overlap. contributes to chromosome separation.

(all): © Ed Reschke

Figure 8.6 continued



A Early Prophase

\ Mitosis begins. In tha nuclaus, tha
chromatin bagins to appsar grainy
as it organizes and condensas. The

iy centrosome is duplicated.

E ' B Prophase

[ 1 The chromosomes bacoma visibla as

' discrate structures as they condensa
f further. Microtubules assemble and

i ol move one of the two centrosomes to

v the opposite side of the nucleus, and

; the nuclear envelope breaks up.

C Transition to Metaphase

The nuclear envelope is gone,

and the chromosomes are at their
most condensad. Microtubules of
the bipolar spindle assemble and
attach sister chromatids to opposite
spindle poles.

A S

D Metaphase

All of the chromosomes are aligned
midway between the spindla poles.

v Microtubules attach each chromatid
to one of the spindle poles, and its
sister to tha opposita pole.

hot o

E Anaphase
Motor proteins moving along

.
spindle microtubules drag the
chromatids toward the spindle
poles, and the sister chromatids

separata. Each sister chromatid
is now a saparate chromaosome.

fay |
v

ol
F Telophase

) 1 The chromasomeas raach the
5! spindle poles and decondanse.
A nuclear envelope begins to form
around each cluster; new plasma

membrane may assemble between
them. Mitosis is ovar.
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Cytoplasmic Division (cytokinesis)

in Animal and Plant Cells

= Animal cells
* Cleavage furrow & contractile ring form

* A band of actin filaments rings the cell midsection,
contracts, and pinches the cytoplasm in two

cleavage furrow

2 Atthe former spindle equator, 3 This contractile ring pulls 4 The contractile ring contracts
the bipolar spindle i i aring of actin filaments attached to the cell surface inward as it until the cytoplasm is partitione
to disassemble. e plasma membrane coniracts. continues to contract. and the cell pinches jj

—

)

A Contractile Ring Formation

=~ = y = e
cell J
esasoassadss - o o s we s o — plate | e ey

forming
S =

< | contractile ring

&9

e et gy

i

| — 4

1 The plane of division (and 2 The vesicles fuse with each 3 The cell plate expands 4 The cell plate matures

of the future cross-wall) was other and with endocytic vesicles outward along the plane of as two new primary cell walls
established by microtubules bringing cell wall components division until it reaches the surrounding middle lamella
and actin filaments that formed and plasma membrane proteins plasma membrane. When material. The new walls join
and broke up before mitosis from the cell surface. The fused the cell plate attaches to with the parent cell wall, so
began. Vesicles cluster materials form a cell plate along the plasma membrane, it each daughter cell becomes
here when mitosis ends. the plane of division. partitions the cytoplasm. enclosed by its own wall.

B Cell Plate Formation
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Cytoplasmic Division (cytokinesis)

in Animal and Plant Cells

*Plant cells
*Have cell wall
(rigid)

*‘No cleavage
furrow

Cell plate
forms between
spindle poles
‘Formed from
vesicles

cell plate formation
daughter nucleus

1 Mitosis is completed, and 2 Atthe former spindie equator, 3 This contractile ring pulls
the bipolar spindie is starting aring of actin filaments attached to the cell surface inward as it
to disassemble. the plasma membrane contracts. continues to contract

A Contractile Ring Formation

5 e o .
00N I O '}
S e | | "

j n }

1 The plane of division (and 2 The vesicles fuse with each 3 The cell plate expands
ol the future cross-wall) was other and with endocytic vesicles outward along the plane
establShat by e bringing cell wall components divisiopmr Saches the
and actin filaments that formed _and plasma membrane proteins plasma membrane. When
and broke up before mitosis from the cell surface. The fused the cell plate attaches to
began. Vesicles cluster materials form a cell plate along the plasma membrane, it
here when mitosis ends. the plane of division. partitions the cytoplasm.

B Cell Plate Formation
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vesicles containing
membrane components
fusing to form cell plate

4 The contractile ring contracts
until the cytoplasm is partitioned
and the cell pinches in two.

= Cell plate matures
as two new primary cell walls
surrounding middle lamella
material. The new walls join
with the parent cell wall, so
each daughter cell becomes
enclosed by its own wall.



Eﬁw How the Cell Cvcle Works

GROWTH

CYTOKINESI$

MITOSIS

Pause

l>||]n o D E|

Play Audio | Text

Most eukaryotic cells follow a process of growth and division called the cell cycle.
These events include a growth stage, mitosis or nuclear division and cytokinesis
or division of the cytoplasm.
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The Cell Cycle Control

System

* |s the cell cycle controlled?
* Yes

* What happens if control is
lost?

Mitosis 2 meta\gase
cytokinesigi pro®
occur.

Growth occurs o
as cell prepares DNA replication
to divide. occurs as

How is the cell cycle controlled? o mes
*Cell cycle checkpoints
*Stages go in order and only
when previous stage
completed successfully




Cell checkpoints

= 3 of the many
» GG, checkpoint
* G, checkpoint

* Mitotic stage checkpoint

Control

@i atiessigasittheckpoint system
‘HetifiegioRAinepRessSrarrase
'GUATBREMERT Spasider attached to
RIRHEintegrity checked
*DNA repair

*Cell death (apoptosis)




Eﬁw Control-of the Cell-Cycle

> oo ® P E
Play | Pause Audio | Text

The process of cell growth and division in eukaryotes is called the cell cycle. This
cycle is divided into phases based on what is happening in the cell at a given time.
A cell grows during the G, phase.

Copyright ©The McGraw-Hill-.Companies, Inc.




How is the cell cycle controlled?

* Internal (inside cell) & external (outside cell) signals — a
molecule that stimulates or inhibits an event

* Kinases (an enzyme)
* Cyclins (a protein)

S-cyclin must combine
with S-kinase for the
cell cycle to begin DNA
replication.

* M-cyclin must
combine with M-kinase
for the cell cycle to start
mitosis. ®

M-kinas

® M-cycli

s
S

-kinaie
® S-cycli




How is the cell cycle controlled?

* |nternal (inside cell) & external (outside cell) signals — a
molecule that stimulates or inhibits an event

 Growth factors

* Epidermal growth factor (EPF) stimulates skin cells to finish
cell cycle

* Hormones

* Estrogen stimulates lining of the uterus to divide in the
menstrual cycle Normalcells

* Contact inhibition
* Cells stop dividing when they touch "

1
Contact inhibition
contact-inhibited Transformed cells '
monolayer of e e
rnarmal cells Sy > o .
=y 2 [ 1 - =3 50 1
\ | -4 :_.:. L] _I... . - g5 ‘__:’_ 3 4
W T [ - ~
— S . £

Cell movement.
cell proliferation

—
= Cell movement

,.;/’ cell p:‘c;liférai-a:l'n

[ (Cellcell adhesion

growth medium

, Disru};ted_
multilayer of cell—cell adhesion

uninhibited
I 1

Loss of contact inhibition

plastic !.iﬁ.sué-:ulture dish Mature Reviews | Molecular Cell Biology



When do cells stop dividing?

NUCLEUS OF A HUMAN CELL

‘Mammalian cells divid
In culture

*The shortening of telo

repeating DNA sequen

of the chromosome)
*Happens w/each c

DNA on the ends of chromasomes, are
chromosome tips from degrading. Some
| division, which eventually causes the
hwestern Medical Center at Dallas and
eron Corp. have shown that extending the length of telomeres of human
cells grown in a lab avoids aging and enables cell to retain their "youth.”

Then what??E




Cell death - apoptosis

= Aptoptosis = programmed A m
cell death w

* Tadpole talil B
* Webbing between our digits

Cell rounds up, and
nucleus collapses.

Chromatin condenses,

Plasma membrane and DNA fragments.

blisters, blebs fS@'l.

E
Cell fragments.

cell fragment < ;’,%f;—nmragment White blood cells engulf the rest

Vo %" ¥

apoptoticcell



Cell cycle and Cancer

= Cellular reproduction occurs repeatedly — loss of
control

* Classified by location

* Carcinoma — epithelial tissue that lines organs

e Sarcoma — muscle or connective tissue

i Loss of Normal Growth Control
 Leukemia - blood

CAT SRR N S e Rk Normal 25 .
> ke ! cell division \\./
o . Cell Suicide or Apoptosis
Cell damage—
no repair
Cancer

cell division

06 ®
© & @ s
First Second Third Fourth or

mutation mutation mutation later mutation

NN
Uncontrolied growth It -3-_‘_'f|- LI
b EIRRS



Carcinogenesis — the development of cancer

Hemnl nd Cances Calls

= Cancer cells...

* May be immortal — divide
forever???

* Don’t contribute to body
function

e Have abnormal nuclei with
abnormal numbers of
chromosomes

* Don’t undergo apoptosis
e Form tumors — no contact

inhibition, no signal inhibition

Structure

— Mofiphs fusai
— Miuftiple & large nucheoli
— Cocaarss chadmalin

Transformed cells

Disrupted
cell-cell adhesion

=] HM e T

Loss of contact inhibition

Mature Reviews | Molecular Cell Biclogy



ol grow 38 3 bemegn
umer in apithaliam tireak through Basal Ikmiea invaida capilany
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will gurviem 1o form metsstases]

Cancer cells...

e Benign — contained within a capsule =i <iiiie wiie
* Malignant — invasive and may spread

path of cancer cells

blood
vessel

g A

malitgnant lymph
tumo vessel

Y
.\ Y

\
b
Ly

A single cancer cell grows into The tumor becomes malignant Cancer cells travel (dotted arrows)

a tumor. and invades nearby tissue. through lymphatic (green) and
blood (red) vessels, and metastatic

tumors form.

metastatic
tumor

T . : ’_.—:’ -

a. Development of breast cancer and metastatic tumors




Cancer Treatment
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= Remove tumor

= Stop cancer cells from
e il dividing
¥ cancr o Chemotherapy
* Radiation therapy
* Hormone therapy

* Will damage other
cells and lead to side

effects...but wait!!!
It Watch this video!!!



Prevention of Cancer

Don’t smoke!!l Cigarette smoking = 30% of all
cancer death~

* 87% of lung

Wear sunbloc vad to
melanomas
Don’t drink he sophagus,

larynx, liver c

 Vitamin A &
 Avoid chemr

Smoking




Figure 8.14 The right diet helps prevent cancer

(chard): © Roy Morsch/Corbis; (cabbage, berries, broccoli, oranges): © Corbis RF



The immortal cells of Henrietta Lacks

" http://www.radiolab.org/2010/may/17/henriettas-tumc

Put your pens down and listen!!!



http://www.radiolab.org/2010/may/17/henriettas-tumor/
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