Unit 13

Cell divisi
13.1 Introduction ivision

S .MitOSi S. is«a ki n_'d.”O:f;. ny c.lcar ’:0(3"],1 “divi

sioh that'producestwo datshter-cellithatare identicalta:.
each other. Rach daughter cell has 1dt'praducesitwo daughter-c !

performs the same function the same number of chromosomes and 01'gzu|el]es. -‘E“fj
copies of those of the m-o-ti" s as the mother cell. The dauvghter cell cluomusumcs_ are exdcl
samc genctic characteri ther cell. Just as you would expect, the daugh'ter gells musl have the
division i (6 maintal llS}thS as thc mother cell, The importance of mitosis as a kmd. of cell
organism lfl- So;ne,l im‘t 1'c‘ cell cl.n'olmo.somc number for purpose of gl'owth and repair of an
of asexua‘l ‘O.rgd"!b_mb'-, mitosfs is uscd to produce new offspring through the Process

. reproduction as in prokaryotes, This is 1 kind of reproduction that does not involve
union of male and female gametes. .

This unit will discuss the different parts of a cell Sycle that is undergoing cell division. The
different phases of mitosis will be emphasized to you. It is important that you pay particular
attention to the behavior and organization of chromosomes during the different phases of
mitosis. It is necessary to note that cell division is under strict chemical control. The
significance of mitosis for growth and repair is also discussed to show the need for it in an
organism.

‘_@13.2 Objectives

By the end of this module, you should be able to:

1. describe the behavior and activity of chromosomes during each phase of interphase.
2. describe the behavior and activity of chromosomes during each phase of mitosis.
3. discuss mitosis in relation to binary fission.

4. discuss the chemical basis for cell cycle control.

5. explain the consequences of loss of cell cytle control

6. state the main roles of mitosis in an organism

13.3 Contents _
A cell is capable of reproducing itsclf. From one cell would arise two identical daughter cells

and so on until there were several cells of one type. This is possible through the process of"
cell division. It is the process organism use for growth and reproduction. Cell division
involves the study of the behaviour of chromosomes during different stages of the process. It
also involves the division of the whole cell including the cytoplasm and its contents. The cell
cycle is a series of events between two cell divisions.

Two main types of cell division are distinguished. These are mitosis and meiosis. Mitosis is
primarily responsible for growth and repair of tissue by duplication of cells, while keeping
the chromosome number the same. It is the process used: by organism's,;"to increase their
“:volume-+and :mass-and sta.replace:broken:tissue. M ei_ogis-;-;o.nf.thc,othq;a.h&i;d,' .',i'svrésfp;ons ible for. .
" the reduction’ of the:chromosome number"'iri’itsvdaught'ﬁr;c‘é:l'l's::‘from?fhjc?dip'loid'w'(Zi.i‘). condition
to a haploid (n) condition. This cell division helps organisms to restore their diplofd condition

when the egg cells unite during sexual reproduction in a cell.

' UNZA Fast Track Teacher Education Programme ) ' Pape 159

Scanned by CamScanner



an organism whosc cells are diploid while
anism where reproductive cells such o
a for animals.

Mitosis oceurs in any cell of a-vegetative part of
mciosis is restricted to the reproductive parts of an org fov
pollen grains and ovules are produced for plants or sperm an

L
The main stages of cell division are prophase, mctaphzfscr, anapl?a.sc,‘andvltt:fl(\)‘pl.'mzc,r 1'h(?
prefines “pro-', “meta-’, ‘ana-” and ‘telo-" mean ‘before, UU[WU"“»‘ P rbt‘m e
respectively, Although cell division is discussed in sta.ggs, the process is a protracted apg
continuous one. It is broken down into sections for convenience only.

™

For  convenience geneticists 5o ggest thatra' chromoscme: "s\h.o\u! dbeCOnSld CIF?d_\ to ]CO RSist-of:. .
“irone"DNA-double helixvasit:is notyet ¢learhow itiis:arranged. Thereforé;.the simplest mo'dcl ~
would be one in which each chromosome contains one very long molecule of DNA which

may be considerably folded or coiled.

13.3.1 Haploid and diploid conditions of a cell

Consider the case of an onion cell as an example.

1. An onion vegetative cell that is diploid (2n) has 16 chromosomes (Fig. 126). e —
2. Eight of the chromosomes were a contribution by the female (maternal) gamete (n).

3. The second eight chromosomes came trom thé paternal gamete (n).

4. Aler fertilization in the zygote, matching maternal and paternal chromoasomes pair up.

5. Such pairs of chromosomes resemble in size and form and function thec samc way.

6. They are cailed a homologous pair of chromosomes (Fig. 126).

7. Each-member of the pair of chromosomes is called a homulogue.

8. Each homologue is-capable of independent duplication during cell division.

Chromosome ‘ . Homologue - Homologous pair :

AN W o
{ ,_\\ ) P ; _) Ferdilisation /a " N
NI s

Maternal gamete (n) Paternal gamete (n) ¢ Zygote vegetative cell an)

Fig, 126 A female gamete (n) fusing with a male gamete (n) to form  di
Maternal and paternal chromosomes pair up according to size,
zygote formation, ’ ‘

Paid Typate vepetative cell (Zn).
s type and function at the time of

R
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13.3.2 The cell cycle

The events that take place in a dividing cell from the beginning (o the cnd. is called " cc[”
cycle. This series of events normally lead o the division of a cell resulting in lwo-dup“?i’ls
copies of the original one. The cycle of events is broadly divided into two domains calic
interphase and mitosis. Interphase is subdivided into three distinct phases called Gap 1 (G 13
phase, Syuthesis phase (S) and Gup 2 (G2) phase. Milosis takes place in Lwo pt?ases Ca“?
karyokinesis and cytokinesis. The kinases are the class of enzymes that are involved in
triggering events in the cell cycle (Fig. 128).

. *Raw materials assembled from environmenl
*Cell size doubles to accomodate materials
*Critical size reached, no further growth

* =lnhibitor molecules concentration at lowest

} *Hence next phase prompted to start
. "RNA, ribosomes and proteins synthesised

g

¥ [ .

{ l Synthesis phase: 7 hr ]

A e *Chromatias duplicate

i Vidnay *Separale sirands ave ealled chromatids [ |- lntcrphase
Y *16 chromatins become 32 chomatids 22 hours

*pProphase JVX‘
*Metaphase 4

=Anaphase 1%
«Telophase 27%

*Histones synthesised
. SDNA content is doubled

" eChromatid scparation structures prepared
»Microtubules, spindles, asters, centrioles made

~

.
& Mlelia ™~

Fig. 128 A _;chematic representation of events in a cell cycle, showing
activities of the various stages ol interphase and mitosis in

cell division.

e 7

‘In'tejr’phase l )
There are a lot of biochemical reactions going on in the cell at this s
* ‘might appear:to bc‘rCIati\{-C_JY inactive. tage, although the cell

-Gl,PhaSe- ’ : BRI . .o : .

: ffmpiﬁns'f.fstag'et;is&ca;ueds'thd"Gl*phasc:alt‘;—lastsabéut’tcn.,.hm'trs;':Foc the ¢ ration.off

" -the cell undergoes intense biochemical activity as it takcs-. m r '-’"atlon,_gf’._this;_,pcriod,
‘environment, for synthesis of new structural molecules and molecu] e 1 maten.a[s from the
;purposes. The cell size doubles as the contents of the cell are also dgié‘lo;dsplfmﬁc functional
£ i : ' - I'Or example, the

Y UNZA Fast Track Teacher Education Programme
Page 161

&

Scanned by CamScanner



P
¥ 4

T \ turcs arc synthesised lor the
quantity ot enzymes is doubled, while some ¢« Hular structure y e o

: e
ctivity. The cell reaches a Ceriin cnitical SIze of
to the release of (nh_i_b.l(Ol molecules from Gl

| . ...
the}: cOncentrations of .

time. This is a period of intense biochemical
metabolic state, when it ceases to grow, duc
which prevent the succceding phases to proceed. As soon a5 &y
inhibitor molecules in the cell reach a critical low level concgmr.nmn,-‘!h?‘Succccdmg phase s
initiated. At this stage, the chromosomes ar¢ (00 thin to take any stain. n"f) are, theiefore,
invisible even with the aid of an electron microscope. Al this stage, the Chromosomes are
referred to as chromatin material. A cell would now be preparing to begin the process of
DNA replication.. .

S phase

During this period the chromatin material duplicates its DNA along the length. Therefore,
more DNA molecules are synthesized through the process of replication. The duplicating
strands spiral independently and lie apart beside one another, connected to each other through
a centromere. The separated strands are called chromatids. For example, the onion cell, which
has sixteen chromosomes, now has thirty-two chromatids. The cell is also involved in the
production of cellular histones. Therefore, the replication of chromosomes begins with the
production of sister chromatids. The complex is considered to be one chromosome since there
is only one centromere. This phasc lasts approximately seven hours.

. ]

Note that cells that fail to replicate all their chromosomes fail to enter mitosis. This
checkpoint involves the recognition of un-replicated DNA and inhibition of MPF aclivation.
Little is known about the prateins that mediate this checkpoint control.

G; phase
The Sphase resulted in the duplication of each chromosome. Since there is only one

centromere on the sister chromatids, the complex is still 1efened to as one chromosome.
Subsequently the cells enter the G; phase. The biochemical activities of the cell take
approximatcly five hours to complete. At this stage, the cell prepares (or sirncliures that will
assist chromosomes to separate from one another during the process of mitosis. Cxamplcs of
some structures that would be synthesised are microtubules, spindles, asters and centrioles.

Not that cells whose DNA is damaged by irradiation with ultraviolet (UV) light, gamma-rays
or by chemical modification become arrested in G1 and G2 until the damage is repaired.
Arrest in G1 prevents copying of damaged bases, and so prevents mutations in the genome.

Mitosis

Summary
Mitosis is divided into four stages namely; prophase, metaphase, anaphase and telophase.
Mitosis results in the production of two new diploid daughtcr cclls, cach of which is identical
to the diploid parent cell. During mitosis, cell growth stops because most of the energy in 2
cell is directed at the dividing cell.
1. Prophase
Chromosomcs condense into structures that become visible under the light microscope, with
the help of giemsa stain. The duplicated chromatin completes condensation into
~hromosomes. Fach chromosome is made up of fwo chromatids connected through a
centromerc. Atthe sitc of the centromere is located a protein calied 4 kinetochore (o which

" -microtubules Wil subsequently attach-(Fig. 129).

+
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F1g- 129 A chromosome showing sister chromatids held !_Oi'.“:"” through 2
Centromere with spindlc fibres attached to the kinelochore.

The centrosome is a microtubule organising center in multiccllular organisms. During
prophase, the two centrosomes replicate. separately from mitosis. Centrosomes move (‘0
opposite ends of a cell when present and spin spindle microstubules that help to moxci
chromosomes during their separation. The nuclear envelope breaks down 10 allow the
microtubules to reach the kinetochores on the chromosomes. The nucleolus also disappears
from the nuclcoplasm. These events mark the end of prophase, which takes approximately
3% of the cell cycle's duration (Fig. 130). '
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Chromatid

antromcre

At metaphase, a doublet chromosome is aligned with the rnctaphase plate.

Duplication point

o \ N &

At anaphase, the centromere divides through its center and frees each chromatid.

Daughter ‘Daughter l Direction of pulling

ciromosome  centrioie force on the spindie

AL the stur Cof telophase, sister elnromatlds drift apart from each
other, due to a pulling force exerted on them by the spindl

fibres. Note that each chromatid has a entromere The[;ef ;
each chromatid is considered to he a chromosome. . ore

Fig. 131 Béhaviou_r of chromosomecs at mctaph
| chror ase, a
tefophase during cell division. P nephase and
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Dougner cl]“[‘qlﬁ =OMGa pREERdratvn: to opposite poles of the cell. Subscquently, the two

1. S TP S Dy ) rm!.\'\""g‘ SR T Ve . . . < e .
ddl.lghtCl- nue clarere 9}1_,)1)}(;@;])/;!0 med in a cell whose cytoplasm is still undergoing division.
This WhO.I.Q-”.f.-PFOQQSS Isi"accomipanied by the reverse process of prophase. The nuclear

membrane J-’f"T@.fdmﬁﬁ’_'.a}qu'n"d ‘thé daughter nuclei. The nucleolus reappears and the
chromosomes uncoil and get dispersed within the nucleus. Telophase accounts .for

approximately 2% of the cell-cycle’s duration.

6. Cytokinesis

CyTOkm_csis refers to division of the cytoplasm. The cell surface develops a dividing
depression at the metacenttic centre. In animals, the division furrow appears at the cell
surface. It occurs at the same time that the nuclear envelope is reforming, yet they are
separate processes. The cytoplasm together with its contents divides into two nearly equal
parts. This is achieved by a protein fibre ring called actin found around the centre of a cell.
When this ‘ring’ contracts the cell is squeesed into two separate daughter cells.
» .

lu plant cells, vesicles released by the Golgi apparatus move to the middle of the cell along a
microtuhnle scaffold called phragmoplast, The vesicles carrying ccll wall materials gather at
the metacentric centre of the cell and get arranged into a disk-shaped structure- called a cell
plate. The cell plate grows outward radially and gradually develops into a proper cell wall,
separating two daughter cells.

Twa danghter cells are produced that are complete duplicate copies of the genetic and
cytoplasmic ‘material of their parent cell. Soon after their formation, the daughter cells are
smaller in size, but progressively grow until they attain the normal size and metabolic

_functions of the parent cell (Fig. 132). ‘

‘However, il cytokinesis failed, a cell with two nuclei in onc cytoplasm would rcsult. A
multinucleate cell is'abnormal and would not function properly. Nonetheless, there are cells
that are multinucleate and continue to function-normally. Examples of such cells are the

muscle cells in animals.
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Fig. 132 Major phases in the process of mitosis.
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