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5. The mitotic cell cycle Starter Quiz - HEHj/M

A-Level Biology Name: Score:

1. A chromosome is:
O a long DNA molecule wound around proteins called histones
O a single protein
O a type of carbohydrate

[0 a membrane

2. The two daughter cells produced by mitosis are:
O genetically identical to each other and to the parent cell
O genetically different from each other
O always specialised
O half the size forever
3. In prophase:
O chromosomes condense, the nuclear envelope breaks down, and a spindle forms
[0 chromosomes line up at the equator
[0 sister chromatids are pulled to the poles

O two new nuclei form

4. After replication, a chromosome is two identical sister joined at the centromere.

5. Mitosis produces genetically identical daughter cells, which is why it is used for growth and
repair.

O True O False

6. In , the chromosomes line up along the equator of the cell.

7. During which phase of interphase is the DNA copied?
O the S phase
O the G; phase
O the G, phase

O cytokinesis

8. Select all the roles of mitosis.
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growth
repair and replacement of cells
asexual reproduction

producing genetically varied gametes

O 0o o od

making ATP
Tick every correct option.
9. Anaphase is the stage where:
O the centromeres split and sister chromatids are pulled to opposite poles
O the spindle first forms
O the nuclear envelope breaks down

O the cytoplasm divides

10. Interphase (G, S, Go) is the longest part of the cell cycle.

O True O False
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5.

The mitotic cell cycle Answers - 3

A-Level Biology

1.

10.

a long DNA molecule wound around proteins called histones

Chromosomes are DNA wound tightly around histone proteins, packing a huge length into the nucleus.

. genetically identical to each other and to the parent cell

Mitosis produces genetically identical cells they carry exactly the same genes as the parent.

. chromosomes condense, the nuclear envelope breaks down, and a spindle forms

Prophase: chromosomes coil up and become visible, the nuclear envelope breaks down, and the spindle forms.

. chromatids

Replication makes an identical copy; the two sister chromatids stay joined at the centromere until anaphase.

True

Identical copies are exactly what growth, repair and asexual reproduction need.

. metaphase

In metaphase the chromosomes line up at the cell’s equator and spindle fibres attach to each centromere.

. the S phase

DNA replication happens in the S (synthesis) phase, between G; and Go.

. growth; repair and replacement of cells; asexual reproduction

Mitosis gives identical cells for growth, repair/replacement and asexual reproduction. Varied gametes come from

meiosis; ATP comes from respiration.

. the centromeres split and sister chromatids are pulled to opposite poles

In anaphase the centromeres split and the spindle pulls the sister chromatids apart to the poles.

True

Interphase takes up most of the cycle; mitosis and cytokinesis are comparatively short.
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A-LEVEL BIOLOGY .« EXERCISE SHEET

5.1 Replication and division of nuclei
and cells

Name: Class: Date: Total: 12 marks

KEY WORDS cell cycle 4l Ji1i] « chromosome Yt (f (A o mitosis 472243 %% « telomere ifiifir
« stem cell T4l

Objective

Build the skills to answer exam questions on replication and division of nuclei and
cells — the structure of a chromosome 44 {£, the mitotic cell cycle 5 224> L4,
JH3, telomeres ik, stem cells TZHffl and tumours ffe.

You must be able to:

o describe the structure of a chromosome (DNA, histones, sister chromatids, centromere,
telomeres)

« explain the importance of mitosis and outline the cell cycle (interphase, mitosis, cy-
tokinesis)
« outline the roles of telomeres and stem cells, and how a tumour forms

1 Worked examples

B The structure of a chromosome

A chromosome is one long DNA molecule wound around histone ZH%E [ proteins.
After replication & ffi] it is two identical sister chromatids JH Y% A joined
at the centromere ¥ #2}i, with telomeres capping the tips.

telomere

sister chromatids

centromere

one chromosome = two identical copies after DNA replication

After replication: two sister chromatids joined at the centromere, telomeres at the
tips
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B The mitotic cell cycle

_ mitosis +
cytokinesis
interphase |
(cell grows, \
copies DNA)

Most of the cycle is interphase (Gy, S, Gs); mitosis and cytokinesis are short

« interphase [A]#] — growth (G;), DNA replication (S), growth/preparation (G).
« mitosis F#43% — the nucleus divides into two genetically identical nuclei.
« cytokinesis fifiJfi43%2 — the cell splits into two daughter cells.

Mitosis matters for growth, replacement of dead cells, tissue repair and asexual

reproduction JilEAEH.

B Telomeres, stem cells and tumours

Telomeres carry no genes, so the small amount lost at each replication does not lose
genes. A stem cell is unspecialised, keeps dividing, and can differentiate 43k into
specialised cells. If the control of the cycle is lost, a cell divides uncontrollably to
form a tumour.

differentiate

red blood cell

muscle cell

— nerve cell

One stem cell can differentiate into many specialised cell types
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2 Practice

2.1 Name the parts of a chromosome labelled by these descriptions: (a) where two sister
chromatids are joined; (b) the protective caps at the tips. 2]

2.2 State what happens in the S phase of interphase. 1]

3 Exam-style questions
3.1 During which phase of the cell cycle is DNA replicated? 1

« A Gy
« BS
‘CGQ

e D mitosis

3.2 Why does the loss of a small length of telomere during replication not harm the
cell? 1]

o A telomeres are made of protein

« B telomeres carry no genes

o C telomeres are replaced by histones
e D the lost DNA is copied later

3.3 Explain why mitosis produces two genetically identical daughter cells, and give two

situations where this is important. 3]
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3.4 (a) State what is meant by a stem cell.

(b) Explain how the loss of control of the cell cycle can lead to a tumour.
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Name: A-Level Biology: w25 11

20 Telomeres become shorter during each cell cycle of a specialised cell.

In which phase of the cell cycle do telomeres shorten?

Solutions

2.1 (a) centromere; (b) telomeres. A cytokinesis

2.2 the DNA is replicated / copied. B G

3.1 B. DNA is replicated in the S phase. C S

3.2 B. Telomeres carry no genes, so losing a little does not lose genes. D G,

3.3 mitosis copies the DNA exactly (S phase) and separates identical sister chromatids, A-Level Biology: w25 12

so each daughter gets an identical set of genes; any two of: growth / replacement of dead

cells / tissue repair / asexual reproduction. 21 Telomeres prevent the loss of genes during DNA replication.

3.4 (a) an unspecialised cell that can keep dividing and can differentiate into specialised Which row correctly shows cell types that contain telomeres?
((:f)l)lst'he cell divides repeatedly without stopping, forming an uncontrolled mass of cells — typical typical typical
a tumour. animal cell plant cell bacterial cell
A v v v key
B v v X v = present
Cc X X v X = not present
D v X X

A-Level Biology: w25 13
21 What are roles of adult stem cells in humans?

1 repair other cells by mitosis

2 divide to replace cells in tissues

3 differentiate into a new organism

A 1and3 B 1only C 2and3 D 2only

22 Which statements are correct for the mitotic cell cycle?

1 DNA s replicated semi-conservatively during mitosis.
2 DNAis never changed from one generation of cells to the next generation.

3 The daughter cells at the end of a mitotic cell division have the potential to produce
the same enzymes as the parent cell.

4 The same quantity of DNA is distributed to the nuclei of two new cells at the end of a
mitotic cell division.

A 1and2 B 1and4 C 2and3 D 3and4
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A-Level Biology: w25 14

A-Level Biology: w25 14

Name:

19 The DNA content of a cell changes as the mitotic cell cycle proceeds through a series of stages.

Name:

20 The diagram shows three cycles of cell division from an original cell of cell type P in bone

DNA content
per cell

A

time

Which row correctly identifies when DNA replicates and when the nuclear envelope breaks

marrow. Some of the cells that form are cell type Q.

O,

@/

®

@/

“
A

®

~®

down? not to scale
Which row correctly identifies cell type P and cell type Q?
DNA replicates ””g:g:[(:g‘(’)‘i'v?]pe
cell type P cell type Q
A 1 3 A cancer cell differentiated cell
B 1 4 B cancer cell stem cell
c 2 3 C differentiated cell stem cell
D 2 4 D stem cell differentiated cell

key

@ cell type P
@ cell type Q



A-LEVEL BIOLOGY « EXERCISE SHEET

5.2 Chromosome behaviour in mito-
sis

Name: Class: Date: Total: 27 marks

KEY WORDS telophase 41l]] « prophase fijil] ¢ anaphase 5] ¢ metaphase 11l
o spindle Zj {4

Objective

Build the skills to answer exam questions on chromosome behaviour in mitosis —
the four stages, the behaviour of the spindle Zj#{4 and nuclear envelope #%J, and
identifying stages in micrographs 28 5.

You must be able to:

o describe what chromosomes, the nuclear envelope, the membrane and the spindle do
in each stage

« name and identify prophase, metaphase, anaphase and telophase from diagrams and
slides

o calculate a mitotic index £ 24} Z45%k
1 Worked examples

B The four stages of mitosis

stage what happens

prophase chromosomes coil and become visible (two chromatids); nuclear
I envelope breaks down; spindle forms

metaphase chromosomes line up at the equator 77i; spindle fibres attach to
Frit each centromere

anaphase centromeres split; sister chromatids are pulled to opposite poles #%

JaH

telophase  a set reaches each pole; a new nuclear envelope forms around each
A — two nuclei

A-Level Biology e 5.2 Chromosome behaviour i1 is @
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prophase metaphase anaphase telophase

The four stages: prophase, metaphase, anaphase, telophase
Then cytokinesis splits the cell into two genetically identical daughter cells.

B Jdentifying stages in a micrograph
Look for the clue in each cell: chromosomes lined up in the middle = metaphase;
chromatids being pulled apart in a V-shape = anaphase.

An onion root tip — a growing tip catches many cells in mitosis

B The mitotic index

The mitotic index is the fraction of cells that are in mitosis:

. number of cells in mitosis
mitotic index =

total number of cells

A high index means many cells are dividing (e.g. a growing tip or a tumour).

A-Level Biology e 5.2 Chromosome behaviour i1 is @



2 Practice

2.1 Name the stage of mitosis in which: (a) chromosomes line up at the equator; (b)
sister chromatids are pulled to opposite poles. 2]

2.2 State what happens to the nuclear envelope during (a) prophase and (b) telophase.[2]

3 Exam-style questions
3.1 In which stage of mitosis do the centromeres split and the chromatids move apart?|1]

o A anaphase
« B metaphase
o C prophase
« D telophase

3.2 A cell is seen with its chromosomes lined up single-file across the centre of the cell.
This cell is in: 1]
o A anaphase

« B interphase

o C metaphase

o D telophase

A-Level Biology e 5.2 Chromosome behaviour i1 is @
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3.3 A student examines a root tip and counts the cells in each stage:

stage interphase prophase metaphase anaphase telophase

number of cells 84 9 4 2 1

(a) Calculate the mitotic index for this sample. Show your working.

(b) The cells of a tumour have a much higher mitotic index than normal tissue. Explain
why. 2]

3.4 Describe the behaviour of the chromosomes and the spindle during metaphase and
anaphase. (4]

A-Level Biology ¢ 5.2 Chromosome behaviour i is @



3.5 Four cells from a root tip were each seen in a different stage of mitosis.

e W chromosomes lined up singly along the equator

o X chromatids being pulled towards opposite poles

e Y chromosomes at the poles, nuclear envelopes re-forming

e Z chromosomes condensing and becoming visible, nuclear envelope breaking down

(a) Name the stage shown by each cell, and put the four in the correct order. 5

(b) Describe what the spindle does in stages W and X. 3]

(¢) A root tip contained 240 cells, of which 12 were in stage X. The whole cell cycle takes
20 hours. Estimate how long stage X lasts, showing your working. 3]

(d) Explain why mitosis must produce genetically identical daughter nuclei, and name
one process in the cell cycle that ensures this. 2]

A-Level Biology e 5.2 Chromosome behaviour i1 is @
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Solutions

2.1 (a) metaphase; (b) anaphase.

2.2 (a) it breaks down / disappears; (b) it re-forms around each set of chromosomes.

3.1 A. In anaphase the centromeres split and chromatids move to opposite poles.

3.2 C. Chromosomes lined up across the centre is metaphase.

3.315;3) cells in mitosis = 9+ 4+ 2+ 1 = 16; total = 84 + 16 = 100. mitotic index
— =0.16.

~ 100
(b) the tumour cells divide uncontrollably / continuously, so at any moment a larger

fraction are in mitosis.
3.4 metaphase: chromosomes line up at the equator; spindle fibres attach to the cen-

tromeres; anaphase: centromeres split; sister chromatids are pulled by the spindle to
opposite poles.

3.5 (a) Z prophase, W metaphase, X anaphase, Y telophase; the order is Z, W, X, Y.
(b) In metaphase (W) the spindle fibres attach to the centromere of each chromosome
and pull until the chromosomes lie on the equator. In anaphase (X) the fibres shorten,
the centromeres split, and the sister chromatids are dragged to opposite poles.

(¢) The proportion of cells seen in a stage is proportional to the time spent in it;
20 = 0.05; 0.05 x 20 h = 1 hour.

(d) Growth, repair and asexual reproduction all need daughter cells carrying the same
genes as the parent, so they work in the same way; semi-conservative DNA replica-
tion during interphase makes an exact copy of every chromosome before division.

A-Level Biology e 5.2 Chromosome behaviour i1 is
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Name: A-Level Biology: w25 11

19 A human muscle cell contains 46 chromosomes.

How many centromeres will be present in a cell during the stages of the mitotic cell cycle?

early prophase metaphase anaphase
A 46 46 92
B 46 92 92
C 46 46 46
D 92 46 46

21 The photomicrographs show stages of mitosis.

3 4 5

What is the correct order for the stages of mitosis?
A 253555154
B 254-51-55-53
C 352555451
D

551545352

Name: A-Level Biology: w25 12

22 Which events listed are part of mitosis?

1 interphase
2 prophase

3 cytokinesis

A 1,2and 3 B 1and2only C 1only D 2only

23 The photomicrograph shows 17 cells in different stages of the mitotic cell cycle.

Which row is correct for this photomicrograph?

the proportion of the cells

the role of a centromere in cell 1 in the photomicrograph
in telophase
A attaches daughter >0.2
chromosomes to spindle fibres
B holds sister chromatids together >0.2
(] attaches daughter <0.2

chromosomes to spindle fibres

D holds sister chromatids together <0.2

cell 1



Name:

23 The photomicrograph shows a stage of the cell cycle.

A-Level Biology: w25 13

Which stage is shown in the photomicrograph?
A anaphase
B interphase
C metaphase
D

telophase

Name:

A-Level Biology: w25 14

21 A student made a drawing of two chromosomes at stage K of a mitotic cell cycle.

stage J

stage K

&7

stage L

no
chromosomes
were visible

stage M

Which row shows the possible events that occur in stages J, L and M?

J

L

M

o o0 w >

spindle attachment
chromosome condensation
DNA replication

cytokinesis

cytokinesis
spindle attachment
chromosome condensation

DNA replication

DNA replication
cytokinesis
spindle attachment

chromosome condensation




A-Level Biology: w25 22

Name:

1 The wall of the small intestine is highly folded to form villi. Between the villi are infoldings known
as crypts of Lieberkihn.

Fig. 1.1 is a diagram of a section through a single villus and a crypt of Lieberkihn.

lacteal

capillary network

gut
lumen

enterocyte

crypt of <

Lieberkihn Paneth

- intestinal /

stem cell u
L/
.\
venule lymph vessel

Fig. 1.1

Fig. 1.1 shows that the epithelium of the villus contains mainly goblet cells and cells known as
enterocytes. Both cell types have microvilli on the apical surface (surface facing the gut lumen).

Name: A-Level Biology: w25 22

Goblet cells are involved in the production of mucus.

Enterocytes are adapted for the absorption of the soluble products of digestion. These products
enter the circulatory system.

(a) Astudent incorrectly stated that an enterocyte has many cilia on its apical surface.

Explain the difference between a cilium and a microvillus.

(c) In Fig. 1.1, blood vessel X delivers blood to the capillary network of the villus, where tissue
fluid is formed. Some of the fluid passes back into the capillaries and then into the venule.

(i) Blood vessel X receives blood from an artery.

Name the type of blood vessel represented by X.



Name:

(d) Inresponse to the presence of compounds in the gut lumen, enteroendocrine cells synthesise
and release peptides (short chains of amino acids) that are cell-signalling molecules. One of
these cell-signalling molecules is known as GLP-1.

A-Level Biology: w25 22

GLP-1 initiates a number of responses in different body cells. Some of these responses include:

* theincrease in release of the hormone insulin from cells in the pancreas
* the decrease in release of acid from cells in the stomach.

Outline, in sequence, the main stages involved in the process of cell signalling by GLP-1.

(e) Paneth cells, which are secretory cells, are located between intestinal stem cells at the base
of the crypt of Lieberkihn, as shown in Fig. 1.1.

A Paneth cell has a very different appearance to an intestinal stem cell.

Fig. 1.2 is a transmission electron micrograph of a Paneth cell.

nucleus of adjacent
intestinal stem cell

nucleus

Name:

(i) Paneth cells are formed following the mitotic division of an intestinal stem cell during a
cell cycle.

A-Level Biology: w25 22

Complete the cell cycle shown in Fig. 1.3 by naming, in sequence, the stages of mitosis.

names of stages of mitosis

interphase

mitosis

cytokinesis

Fig. 1.3
[1]

(ii) One of the functions of a Paneth cell is to synthesise and secrete peptides and proteins
that act against pathogens in the gut lumen.

State and explain the evidence, visible in Fig. 1.2, which suggests that a Paneth cell:

* s asecretory cell
*  synthesises many peptides and proteins.

[Total: 14]
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