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1.4.1Cell Cycle v

Your notes

Interphase

= Mitosis is part of a precisely controlled process known as the cell cycle
The cell cycle is the regulated sequence of events that occurs between one cell division and the next
The cell cycle has three phases:

= interphase

= nuclear division (mitosis)

= cell division (cytokinesis)

The length of the cell cycle varies depending on:
= The environmental conditions, the cell type and the organism
= Forexample, onionroot tip cells divide once every 20 hours (roughly) but human intestine epithelial
cells divide once every 10 hours (roughly)

= The movement from one phase to anotheris triggered by chemical signals called cyclins

_NUCLEAR DIVISION
BY MITOSIS

'S PHASE:
DNA REPLICATION

CELL DIVISION
(CYTOKINESIS)

opyright © Save My Exams. All Rights Reserved

Page 2 of 31
© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

The cell cycle /

S = synthesis (of DNA); G = growth; M = mitosis Your notes

Interphase

= Interphaseis thelongest and most active phase of the cell cycle
= Duringinterphase, the cell:
= Increasesin mass and size
= Carries out many cellular functionsin the nucleus and cytoplasm eg. synthesising proteins and
replicating its DNA ready for mitosis (these only occur during interphase)
= Increases the number of mitochondria
= Increases the number of chloroplasts (if they are a plant or algae cell)

The phases of interphase

= [nterphase consists of three phases:
= G,phase
= Sphase
= G,phase

= The gap between the previous cell division and the S phase is called the G; phase - G stands for growth
= Cells make the RNA, enzymes and other proteins required for growth during the G, phase

= |tisatsome point during the G, phase a signal is received telling the cell to divide again (although some
cells do notreceive this signal and will never divide; they enter the Gy phase)
= Afterthe G, phase of interphase the cell enters the next phase of the cell cycle, the S phase - S stands
for synthesis (of DNA)
= The Sphaseisrelatively short
= The DNAin the nucleus replicates, resultingin each chromosome consisting of two identical sister
chromatids

= Betweenthe S phase and next cell division event the G, phase occurs
= During the G, phase, the cell continues to grow and the new DNA that has been synthesised is
checked and any errors are usually repaired
= Otherpreparations for cell division are made (eg. production of tubulin protein, whichis used to
make microtubules for the mitotic spindle)

= Interphase=G;+S+G,
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O Examiner Tip /

Your notes
Make sure you know the order of the phases of the cell cycle but also what specifically occurs during

the different phases. Don’t forget, interphase isitself made up of three distinct stages (G, Sand Gy)
and you need to know what happens during each of these.For example, an exam question might ask
you to identify the stage of the cell cycle during which a cell would be producing the most mRNA
molecules and explain why. The correct answer would be the Gy phase, as this is when protein synthesis

is occurring and the production of mRNA occurs during transcription (the first part of protein
synthesis).
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Cyclins

= Thecellcycleis asequence of stagesincluding interphase (G, S & G), mitosis and cytokinesis
= Thecycleis controlled by cyclins (a group of proteins) and kinases (enzymes)
= There are four different cyclins (D, E, A & B) whose concentrations rise and fall over the cycle:

= D - present first, triggers cells to move from G; tO S phase
= E - highest concentration at the start of S phase, prepares the cell for DNA replication during S
phase

= A-highestconcentrationin G, phase but activates two different kinases that

triggertwo processes:
= Inthe S phase, it activates DNA replication

= InG, phase, it prepares the cell for mitosis

= B - highest concentration at the beginning of mitosis, promotes the formation of the mitotic

spindle
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Cyclins control the cell cycle. The presence of certain cyclins triggers a specific stage of the cell cycle. /*

Your notes

= When each of the different cyclins reach a certain concentration they trigger the next stage of the
cellcycle

= Thisensures key processes (e.g. DNAreplication, organelle multiplication and protein synthesis) occur
atthe correct time

= Whena specific cyclinhasreached a certain concentration it will bind with another group of proteins
(cyclin-dependent kinases) forming a complex which is activated

= Thiscomplex phosphorylates (attaches a phosphate) a target protein which activatesiit, causingit to
trigger specific functions (e.g. DNA replication)

= Once the specific functionis complete the phosphate is released, the cyclin breaks down and the
cyclin-dependent kinases become inactive

1 || CYCLIN AND
\ CYCLIN-DEPENDENT
KINASE COMPLEX

CYCLIN-DEPENDENT
KINASE (CDK)

®

2 || ACTIVATED CDK/
CYCLIN COMPLEX
PHOSPHORYLATES
TARGET PROTEIN

3

ACTIVATED
TARGET
PROTEIN
TRIGGERS
NEXT PART
OF CEL
CYCLE

TARGET PROTEIN
(INACTIVE)

TARGET PROTEIN
(ACTIVE)
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The mechanism for cell cycle control by cyclins /

Your notes
NOS: Serendipity and scientific discoveries; the discovery of cyclins was accidental

= Some scientific discoveries occur by accident, meaning that the scientist might not necessarily have
been deliberately searching forinformation about the particular mechanism, process, molecule or
structure that they ended up discovering

= Thediscovery of the cyclins was serendipitous (occurred by chance)

= TimHunt and his team were researching protein synthesis in sea urchin eggs, however, whilst doing this
research they noticed a protein (later named by Hunt as cyclin) that repeatedly increased and
decreasedin concentration and that these coincided with the phases of the cell cycle

= This discovery led to new research which found the presence of other cyclins and their functionasa
key factorin the regulation of the cell cycle

O Examiner Tip

Itisimportant to know the order of the cyclins (DEAB - think dead but with a B of course). When
answering questions on which cyclins trigger which stage of the cell cycle it may be easier to sketch a
graph. In Biology a well-annotated diagram can get you as many marks as a written answer.

Page 7 of 31

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Cytokinesis

Cytokinesis

= Follows the nuclear division (mitosis) phase
= Once the nucleus has divided into two genetically identical nuclei, the cell divides in two with one
nucleus movinginto each cell to create two genetically identical daughter cells

Mitosis in animal and plant cells

= The process differs slightly in animal and plant cells
= |nanimalcells:
= A‘cleavage furrow’ forms and separates the daughter cells
= The cleavage furrow forms when actin and myosin proteins form a contractile ringjust under the
plasmamembrane
= Thisringis formed at the equator(centre) of the cell
= Asthe proteins contract, they pull the plasma membrane towards the centre eventually separating
the cellinto two daughter cells

= |nplantscells:
= A'cell plate’ (the precursorto anew cell wall) forms at the equator. Once the cell plate reaches the
cell walls of the parent cell, new cell walls are produced, separating the new daughter cells
= Thecellplateis formed from vesicles carrying carbohydrates, lipids and proteins fusing together
to create the two plasma membranes
= Afterthis othervesicles, carrying pectin and cellulose, deposit these substances by exocytosisin
the gap between the two new membranes leading to the formation of new cell walls
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ANIMAL CELL A/
Your notes

CLEAVAGE
FURROW

CONTRACTILE
RING

PLANT CELL

Cytokinesis in an animal cell and a plant cell

O Examiner Tip

Remember that cytokinesis is not a stage in mitosis, it is the last stage of the cell cycle.
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1.4.2 Phases of Mitosis

Phases of Mitosis

Mitosis is the process of nuclear division by which two genetically identical daughter nuclei are
produced that are also genetically identical to the parent cell nucleus (they have the same number of
chromosomes as the parent cell)
Significance of mitosis: mitosis occurs whenever the production of genetically identical nuclei are
requiredin eukaryotic cells

= E.g.during embryonic development, growth, tissue repair and asexual reproduction

Embryonic development and growth of multicellular organisms

Unicellular zygotes divide by mitosis in order to grow in size

Afteracertain amount of growth, they then differentiate into embryos

Growth of multicellular organisms occurs as the number of new cells increases due to mitosis

This growth may occur across the whole body of the organism or be confined to certain regions, such
as in the meristems (growing points) of plants

Replacement of cells & repair of tissues

Damaged tissues can be repaired by mitosis followed by cell division

As cells are constantly dying they need to be continually replaced by genetically identical cells
Inhumans, forexample, cell replacement occurs particularly rapidly in the skin and the lining of the gut
Some animals canregenerate body parts, forexample, zebrafish can regenerate fins and axolotls
regenerate legs and their tailamongst other parts

Asexual reproduction

Asexual reproductionis the production of new individuals of a species by a single parent organism -
the offspring are genetically identical to the parent

Forunicellular organisms such as Amoeba, cell division results in the reproduction of a genetically
identical offspring

For multicellular organisms, new individuals grow from the parent organism (by cell division) and then
detach (‘bud off’) from the parent in different ways

This type of reproduction can be observed in different plant, fungi and animal species

Some examples of these are budding in Hydra and yeast and runners from strawberries

Phases of Mitosis

Although mitosis is, inreality, one continuous process, it can be divided into four main stages or
phases
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= Thesestagesare: /
= Prophase
= Metaphase Your notes

= Anaphase
= Telophase

= Most organisms contain many chromosomes in the nuclei of their cells (eg. humans have 46) but the
diagrams below show mitosis of an animal cell with only four chromosomes, for simplicity

= Thedifferent colours of the chromosomes are just to show that half are from the female parent and half
from the male parent

Prophase

= Chromosomes condense and are now visible when stained

= The chromosomes consist of two identical chromatids called sister chromatids (each containing one
DNA molecule) that are joined together at the centromere

= Thetwo centrosomes (replicatedin the G, phase just before prophase) move towards opposite poles
(opposite ends of the nucleus)

= Spindle fibres (protein microtubules) begin to emerge from the centrosomes (consists of two
centriolesin animal cells)

= The nuclear envelope (nuclear membrane) breaks down into small vesicles

= The nucleolus disappears
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PROPHASE /

Your notes

NUCLEAR ENVELOPE BREAKS DOWN
_(IT BREAKS UP INTO SMALL VESICLES
"WHICH ARE NOT VISIBLE WITH A
LIGHT MICROSCOPE)

CELL SURFACE
MEMBRANE

CYTOPLASMe®

_NUCLEOLUS BREAKS
DOWN

SPINDLE
FIBRES

CHROMOSOMES ARE SEEN TO
_CONSIST OF TWO IDENTICAL
CHROMATIDS; EACH CHROMATID
CONTAINS ONE DNA MOLECULE

> CENTROMERE

CENTROSOMES MOVING TO
\, OPPOSITE ENDS OF NUCLEUS
WHERE THEY FORM THE
ROEESEE ENRERSRINEE

Prophase

Metaphase

= Centrosomesreach opposite poles
= Spindle fibres (protein microtubules) continue to extend from centrosomes
= Chromosomes line up at the equator of the spindle (also known as the metaphase plate) so they are
equidistant to the two centrosome poles
= Spindle fibres (protein microtubules) reach the chromosomes and attach to the centromeres
= Thisattachmentinvolves specific proteins called kinetochores

= Eachsister chromatidis attached to a spindle fibre originating from opposite poles
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EACH CENTROSOME REACHES A POLE: /
°c CENTROSOMES HELP TO ORGANISE Your notes
PRODUCTION OF THE SPINDLE MICROTUBULES

METAPHASE

_SPINDLE (MADE FROM
PROTEIN MICROTUBULES)

CHROMOSOMES LINE UP ACROSS
THE EQUATOR OF THE SPINDLE:
"THEY ARE ATTACHED BY THEIR
CENTROMERES TO THE SPINDLE

Metaphase

Anaphase

= The sister chromatids separate at the centromere (the centromere divides in two)
= Spindle fibres (protein microtubules) begin to shorten

= The separated sister chromatids (now called chromosomes) are pulled to opposite poles by the
spindle fibres (protein microtubules)
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ANAPHASE

SPLITS AT THE

EACH CHROMOSOME
CENTROMERE ﬂ

CHROMATIDS MOVE TO THE CHROMATIDS /]\
OPPOSITE*POLES, START TO BE

CENTROMERES FIRST, PULLED APART
PULLED BY THE BY MICROTUBULES \l/

MICROTUBULES

Anaphase

Telophase

= Chromosomes arrive at opposite poles and begin to decondense

= Nuclear envelopes (nuclear membranes) begin to reform around each set of chromosomes
= The spindle fibres break down

= New nucleoli form within each nucleus
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TELOPHASE

_NUCLEAR ENVELOPE
RE—-FORMING

NUCLEOLUS
RE—FORMING

CHROMATIDS HAVE REACHED
THE POLES OF THE SPINDLE:
THEY WILL NOW UNCOIL AGAIN
8 (DECONDENSE) (EACH CHROMATID
CONTAINS ONE DNA MOLECULE,
WHICH WILL REPLICATE ITSELF

CELL
SURFACE
MEMBRANE

REMAINS OF DURING INTERPHASE BEFORE
SPINDLE WHICH THE NEXT DIVISION)

IS BREAKING =

DOWN

CYTOKINESIS — THIS 1S DIVISION
~OF THE CYTOPLASM AND CELL
INTO TWO BY CONSTRICTION

EROMETHE S EDGESSOE SHE SCELE

CENTROSOME- |
WILL REPLICATE
DURING
INTERPHASE,
BEFORE THE
NEXT NUCLEAR
DIVISION

P

Telophase

© ExaminerTip

Make sure you learn the four stages of mitosis and what is happening to the DNA molecules (one
chromatid contains one DNA molecule) at each stage - learn ‘PMAT’ (prophase, metaphase,
anaphase, telophase) to help youremember the order of the stages!Afterinterphase but before the
parent cell undergoes mitosis, the human parent cell nucleus actually contains 92 DNA molecules! This
isbecause duringinterphase (S phase), the 46 DNAmolecules in the parent cell have replicated to form
sister chromatids. As human cells have a diploid number of 46 this replicationresultsin 92 molecules.
This ensures the two daughter cells will be diploid (have 46 chromosomes each) when mitosis
occurs.Remember to read the questions carefully as only human diploid cells have 46 chromosomes
soif the questionrefers to another organism, its diploid number will be different.
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Chromosomes Condense ,

. Your notes
Condensation of chromosomes

= DNA molecules are very long molecules (human DNA can be more than 50,000 pym) that need to fit
within much smaller nuclei (human nuclei average less than 5 um)

= Priorto mitosis, the DNAmolecules are loosely coiled (around histones in eukaryotic cells) to forma
complex called chromatin

= During prophase, the chromatin gets condensed by supercoiling to form chromosomes

= Condensation occurs by the repeated coiling of the DNA molecule (supercoiling)

= This supercoilingis aided in eukaryotic cells by the presence of histone proteins and enzymes

CHROMATID

CHROMATIN

50 ...

CHROMOSOME %)\

HISTONE: A PROTEIN
ASSOCIATED WITH DNA

Page 16 of 31

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

DNA is coiled around histone proteins to make chromatin /

Your notes
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1.4.3 Cancer /

Your notes

Tumour Formation

= Cancers demonstrate howimportantitis that cell division s precisely controlled, as cancers arise due
to uncontrolled mitosis
= Cancerous cells divide repeatedly and uncontrollably, forming a tumour (an irregular mass of cells)
= Cancers start when changes occur in the genes that control cell division
= Achangeinany geneisknown as amutation

= |f the mutated geneis one that causes cancer it is referred to as an oncogene
= Mutations are common events and don’tlead to cancer most of the time
= Most mutations eitherresult in early cell death orresultin the cell being destroyed by the body’s
immune system
= Asmost cells canbe easily replaced, these events usually have no harmful effect on the body

= The mutations thatresultin the generation of cancerous cells do not result in early cell death orin the
cell being destroyed by the body’s immune system

= This means that the harmful mutation occurringin the original cell can be passed on to all that cell’s
descendants

= Atypical tumour contains around a thousand million cancerous cells by the time itis detected

Carcinogens

= Mutagens are agents that alter the genetic material of an organism
= E.g.biological organisms (viruses), radiation (X-rays, UV light) or chemical substances (tarin
tobacco smoke)

= |f mutagens cause cancers they are called carcinogens
= Carcinogens are any agents that may cause cancer

Types of tumour

= Some tumours (such as warts) do not spread from their original site - these are known as benign
tumours and do not cause cancer
= Some tumours spread through the body, invading and destroying other tissues - these are known as
malignant tumours and cause cancer
= Malignant tumours interfere with the normal functioning of the organ/tissue in which they have
started to grow (eg. they may block the intestines, lungs or blood vessels)
= Malignant tumour cells can break off the tumour and travel through the blood and/or lymphatic
system to form secondary growths in other parts of the body
= The spreading of cancersin this way is known as metastasis
= Metastasisis very dangerous as it can be very difficult to detect, locate and remove secondary
cancers
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2 || CANCEROUS CELL DOES NOT
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OTHER CELLS SO CONTINUES i
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@

MITOSIS

SYSTEM

4 || CANCEROUS CELLS NOT
REMOVED BY IMMUNE

A

ABSORPTION OF
NUTRIENTS
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I 4

5 || RAPID MITOSIS Your notes

6 [| TUMOUR
GETS BIGGER .
7 || TUMOUR SUPPLIED WITH
BLOOD AND LYMPH VESSELS.
IF IT IS A MALIGNANT
TUMOUR, TUMOUR CELLS
SPREAD IN BLOOD AND
LYMPH TO OTHER PARTS
OF THE BODY

8 || METASTASIS. TUMOUR CELLS INVADE %
w

OTHER TISSUES. SECONDARY CANCERS
Stages in the development of cancer

FORM THROUGHOUT THE BODY

© ExaminerTip
Make sure you know examples of mutagens. Also, you should know that some viruses (known as

oncoviruses) cause cancer and can therefore also be described as mutagens.
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Smoking & Cancer /
Your notes
= Scientists studying the incidence and distribution of certain cancersidentified links between smoking

and cancer
= However, it was only when laboratory investigations showed that cigarette smoke contained more

than 4000 chemicals, at least 40 of which were carcinogens, that a correlation was established
= Thereis a positive correlation between smoking and cancer. The more cigarettes smoked per day the
higher the chance of developing certain cancers (e.g. lung and mouth)
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1.4.4 Skills: Cell Division

Mitotic Phases: Identification

= Cellsundergoing different stages of the cell cycle can be identified using photomicrographs taken
from microscope slides
= Cellsundergoing certain stages of the cell cycle have distinctive appearances

Interphase

= Ascells spend the majority of the cell cycle in this stage then most cells will be in this stage
= The chromatinis visible so the nucleihave a dark appearance

Prophase

= Chromosomes are visible
= Thenuclearenvelopeis breaking down

Metaphase

= Chromosomes are lined up along the middle of the cell
Anaphase

= Chromosomes are moving away from the middle of the cell, towards opposite poles
Telophase

=  Chromosomes have arrived at opposite poles of the cell
= Chromosomes begin to uncoil (are nolonger condensed)
= Thenuclearenvelope isreforming

Cytokinesis

= Animal cells: a cleavage furrow forms and separates the daughter cells
= Plant cells: a cell plate forms at the site of the metaphase plate and expands towards the cell wall of the
parent cell, separating the daughter cells

Identification of phases
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Micrograph showing cells undergoing metaphase (M) and anaphase (A) /

Your notes

Micrograph showing cells undergoing metaphase (M) and anaphase (A)
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Micrograph showing a cellundergoing anaphase (A)

O ExaminerTip

Itisimportant to be able to recognise each mitotic stage from electron micrographs and to be able to
explainwhy that cellisin the stage you have selected.It can be difficult to tell prophase and telophase

apartin some photomicrographs. In prophase, there is only one group of chromosomes while in
telophase there are two groups, one at each pole.
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Determination of Mitotic Index ,

L o . Your notes
Investigating mitosis inroot tissue

= Growthinplants occurs in specific regions called meristems

= Theroot tip meristem can be used to study mitosis

= Theroot tip meristem can be found just behind the protective root cap

= Intheroot tip meristem, there is a zone of cell division that contains cells undergoing mitosis

= Pre-preparedslides of root tips can be studied or temporary slides can be prepared using the squash
technique (root tips are stained and then gently squashed, spreading the cells outinto a thin sheet
and allowing individual cells undergoing mitosis to be clearly seen)

——ROOT TIP "~ PROTECTIVE

MERISTEM ROOT CAP

Micrograph showing a stained root tip

Analysis

= Cellsundergoing mitosis (similar to those in the images below) canbe seen and drawn
= Annotations canthen be added to these drawings to show the different stages of mitosis
= The mitotic index canbe calculated

The mitotic index
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= The mitoticindexis the proportion of cells (in a group of cells or a sample of tissue) that are undergoing
mitosis

= The mitoticindex can be calculated using the formula below:

number of cells with visible chromosomes
total number of cells

Mitotic index =

= You can multiply the answer by 100 if you need to give the mitotic index as a percentage

@ Worked example

A student who wanted to observe mitosis prepared a sample of cells. They counted a total of 42 cells
in their sample, 32 of which had visible chromosomes. Calculate the mitotic index for this sample of
cells (give your answer to 2 decimal places).

number of cells with visible chromosomes
total number of cells

Mitotic index =

Mitotic ind =
itotic index = 75

mitoticindex =0.76
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@ Worked example

The table below shows the number of cells in different stages of mitosisin a sample from a garlic root
tip. Calculate the mitotic index for this tissue (give your answer to 2 decimal places).

Stage of mitosis Number of cells
Interphase 36
Prophase 14
Metaphase 5
Anaphase 3
Telophase 6

number of cells with visible chromosomes
total number of cells

Mitotic index =

(prophase + metaphase + anaphase + telophase)
total number of cells

Mitotic index =

(14+5+3+6)
(36+14+5+3+6)

Mitotic index =

28

Mitotic index = a

mitoticindex=0.44
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@ Worked example /

Your notes

The micrograph below shows a sample of cells from an onionroot tip. Calculate the mitotic index for
this tissue (give your answer to 2 decimal places).

A sample of cells from an onion root tip

Step 1: Identify the cells undergoing mitosis
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Number of cells with visible chromosomes (green) = 20

Step 2: Count the total number of cells
Total number of cells (green+red) =20 +55=75

Step 3: Substitute numbers into the equation

number of cells with visible chromosomes
total number of cells

Mitotic index =

20

Mitotic index = E

mitoticindex=0.27
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O Examiner Tip /

Your notes
You will need to remember the mitotic index formula as it will not be given to you.
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