The Cell Cycle

Why Are Cells Small?

Surface area increases while total
volume remains constant

Total surface area
(height x width X number of 6 150 750
sides x number of boxes)

Total volume
(height x width x length x 1

number of boxes) 125 125

Surface-to-volume ratio
(area + volume)
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Where do cells come from?

All Cells Come From Other Cells

But where do maggots come from?




To find out Redi
performed a famous
experiment in 1668
which is still regarded
as one of the first steps
in refuting spontaneous
generation - also known
as abiogenesis.

At the time people
thought that maggots
formed naturally from
rotting meat.

At the time people thought that maggots formed
naturally from rotting meat. In his experiment Redi took
three jars and put meat in each.

* one was left open

+ one was tightly sealed

+ one was covered with a fine mesh stocking.

Fine Mesh

He waited for several days, and saw that maggots
appeared on the meat in the open jar, but not in the
sealed one.

Maggots did appear on the mesh above the meat but
did not grow or hatch.

He concluded flies had landed and laid eggs o | l
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He continued his experiments by capturing the maggots
and waiting for them to hatch, which they did, becoming
common flies. Also, when dead flies or maggots were put
in sealed jars with meat, no maggots appeared. When the
same thing was done with living flies, maggots did appear.

Happy
maggots

Redi was able to disprove the idea of
spontaneous generation of animals

Where do new cells come from?
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THE CELL CYCLE

* The ability of organisms to reproduce more of
their kind is one characteristic that best
distinguishes living things from nonliving matter.

* The continuity of life from one cell to another is
based on the reproduction of cells via cell division
(called Mitosis).

* Mitosis occurs as part of the cell cycle, the life of
a cell from its origin in the division of a parent cell
until its own division into two.

The cell cycle

S
(DNA synthesis)




Cell Division

Cell division requires the distribution
of identical genetic material - DNA -
to two daughter cells.

*A dividing cell duplicates its DNA (using
replication) and then allocates the DNA
copies to opposite ends of the cell.
Then it splits into two daughter cells.

Cell division distributes identical sets
of chromosomes to daughter cells

Every eukaryotic species has a characteristic
number of chromosomes in the nucleus.

Human somatic cells (body cells) have 46
chromosomes. (Elephants 56, Giraffes 62, Gorillas 48)




Chromosomes are made by wrapping
DNA strands around proteins
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One Chromosome after
replication (two joined sister
chromatids)
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Chromosome|
duplication

Centromere — Acts like a paperclip
to hold the two identical sister
chromatids together

Chromosomes are like
suitcases for DNA.

Separation of
sister chromatids'
Distribution
of new

They keep the genes all

cheomosomes together in one place so
e nothing gets lost.

Sister
chromatids

Each species has a characteristic number of chromosomes
in each cell.

Fruit flies have only eight chromosomes in each cell.
Some species of organisms have the same number of
chromosomes: potatoes, plums, and chimpanzees all have
48 chromosomes.

Chromosomes are simply units of DNA.

Some organisms break their DNA into many small
chromosomes while other use fewer larger chromosomes.




Chromosome number
Name

(2N)
This insect has one
of the highest
Agrodiaetus butterfly 268 chromosome
numbers among all
multicellular animals.
Turkey 80
Dog 78 76 autosomes + 2
sex chromosomes
Woolly mammoth 58 Baseq on frozen
tissue
Pineapple 50
Humans 46 44 autosomes + 2
sex chromosomes
Mouse 40
Yeast 32

Sex Chromosomes and Autosomes

Human and animal chromosomes are categorized as
either sex chromosomes or autosomes.

Sex chromosomes are
chromosomes that
determine the gender
of an organism, and
they may also carry
genes for other
characteristics.

Sex Chromosomes and Autosomes

In humans, sex chromosomes are either X or Y.
Normal females have two Xs, and normal males
have one X and one Y chromosome.
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Sex Chromosomes and Autosomes

This means that
only 2 out of the

| 46 human
chromosomes are
sex chromosomes,
while the
remaining 44
chromosomes are
autosomes.

The cell cycle

S
(DNA synthesis)

Cells spend most of their lifetime in interphase.

During the first stage of interphase (called the G1 phase)
cells grow to mature size.

G1 stands for the time gap
following cell division
and preceding g
DNA replication. (DNA synthesis)




Cells spend most of their lifetime in interphase.

After cells have reached a mature size, they typically
proceed into the next phase of interphase, called the
S phase.

During the S phase,
the cell's DNA R
is replicated. (DNA synthesis)

Cells spend most of their lifetime in interphase.

The G2 phase represents the time gap following DNA
synthesis (S phase) and preceding cell division.

The G2 phase is a
time during which s
the cell prepares (DNA synthesis)
for cell division. /

Cells spend most of their lifetime in interphase.

¢ Cells can also exit the cell cycle (usually from the G1
phase) and enter into a state called the GO phase.

* During the GO phase, cells do not copy their DNA and
do not prepare for cell division. M [ o
P
*  Many cells in the human ‘
body are in the GO phase.

* For example cells in the
central nervous system
stop dividing at maturity and
normally never divide again.
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The stages of mitotic cell division in an animal cell: interphase

Interphase: Cells may appear
inactive during this stage, but they
are quite the opposite.

This is the longest period of the
complete cell cycle during which

- -
v e DNA replicates, the centrioles

Centrosomes Aster
(with centriol i - P .
e '°‘f,'_”’zz(d°u';;,fg;f;:,'; divide, the cell is constantly
) synthesizing RNA, producing protein
and growing in size.

After Interphase ends the
cells start Mitosis

Nucleolus Nuclear  Plasma
envelope membrane
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Mitosis: Cell growth and protein
production stop at this stage in the cell
cycle. All of the cell's energy is focused
on the complex and orderly division into
two similar daughter cells.

Mitosis is much shorter than interphase,
lasting perhaps only one to two hours.

The stages of mitotic cell division: prophase

The Chromosomes condense and
become visible.

Prophase is the first phase of Mitosis. ll

As the cell nears the end of prophase
the nuclear envelope breaks down so
there is no longer a recognizable
nucleus.

Early mitotic
spindle

Centromere

Some mitotic spindle fibers elongate
from the centrioles and attach to
centromeres between the copied
chromosomes.

Chromosome, consisting
of two sister chromatids

imin Cummings




mitotic cell division: metaphase

Metaphase
plate

Spindle
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Metaphase: Centrioles
have reached the north
and south poles.
Spindle fibers have
attached to the
centromere of each
chromosome.

The spindle fibers pull
all of the chromosomes
in one plane at the
center of the cell.

Daughter

mitotic cell division: anaphase

»

ANAPHASE

chromosomes

Cummings.

Anaphase: The spindle
fibers shorten causing
the centromeres
separate, and that pulls
the sister chromatids
apart as a full set of
chromosomes begin

' moving towards each of

the cell poles.

mitotic cell division: telophase and cytokinesis.

TELOPHASE AND CYTOKINESIS

Cleavage
furrow
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Nucleolus
forming

Telophase: The
chromosomes arrive at
the opposite poles and
the spindle fibers that
have pulled them apart
begin to dissolve as the
chromosomes begin to
relax and the nuclear
envelope reforms

12



Cytokinesis in animal cells

Cytokinesis: the
cytoplasm and
organelles are divided
between the two
newly forming two
daughter cells.

00
Cleavage furrow L
Contracting ring of
microfilaments

* Cyto = Cytoplasm

Kinesis = movement
Daughter cells

(a)Cleavage of an animal cell

Copyrigh Inc.

Cytokinesis plant cells

. .. uucle’:: of q Wem' " Y”I.Iﬂ“ Nucleus of
laughter cell parent cell forming daughter cell
Cytokinesis in L

plants the
cytoplasm and its
contents are divided
between the two
newly forming

daughter cells by the = 7
cell plate. New cell wall
The cell plate will *”
become the new juesicios Cellplate  Dalighter cells

containing
ce " wa" cell wall material
(b)Cell plate formation in a plant cell

Mitosis

Interphase Prophase Metaphase

Anaphase Early Telophase Late Telophase
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Interphase Prophase ~ Prometaphase
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Metaphase Anaphase

Telophase

@Fibers @ s:rlgmoso mes
(@ Centrioles O™ with sister (D Centrioles
pull apart /| chromatids (%) Fibers

(3) Chromosomes at

(2) Disappearing center of cell

nuclear membrane
Step 1 Step 2
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() Each chromatid

of a chromesome (@ Fibers pull (1) Four chromosomes
pulled apart chromatids toward @ Fibers
centrioles

(® Nuclear Four chromosomes
membrane
reforms
Step 3 Step 4
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