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ABSTRACT

•
Caffeine, a trimethylxanthine, is a potent inhibitor of cyto

kinesis in-plant cells; it induces the formation of binucleate cells.

The use of binucleate cells is particularly revealing.since they make

it possible to compare the behaviour of sister nuclei in a binucleate

cell with the behav'ourof nuclei in sister cells, ·i.e. to compal!l!'" the

behaviour of sister nuclei in on~ cytpplasmic environment or in twa

separate ~nvi ronments. I'e have used tl)j.s technique to study the

asymmetry of mitosis and the consequences of this asymmetry. With bi

nucleate cells.we have shown that .a<number of diff~rences exhibited by

the nuclei of sister cells, i.e. differences in nuclear size. protein

, content 'and RNA content, are also exhiblted by the sister nucl ei of

binucleate cells~The fact that these differences occurred in bi-

~ nucleate cells indicates that differences between sister nuclei are

inherent and arose as a result of the·mitosis .from which the nuclei

were formed.

The subsequent behaviour of the sister nuclei is also affected

by the aSYTTlTletrical mitoses: Sister nuclei of .bi·nucleate cells showed

a differential growth pattern and when supplied with JH-uridine a dif

ferential abili~ to synthesize RNA. An analysis of nuclei of sister

cells reveal~~ an identic~l pattern of behaviour. This suggests tha~.

the asymmetry of division not only produces sister nuclei of different

~.
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•
size and macromolecular cCfttent but also results in functional dif-

,
ferenceS between the two sister nuclei.

"It is proposQd that a large degree of het~rogeneity in cell

size, nuclear size. macromolefular cOlltents of cells and nuclei, and

in cell cycle duration is the result of asymmetrical mitoses .. The

asymmetrical mitoses are responsiblecrol ~enerating. at every mitosis.

physical differences between sis~r·cells and these p~YSiCal differences

are functionally related to the c0fferential behaviour of sister nuclei
A

and sister cells.
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INTRODUCTION

During a mitoiiic cell 'cycle a cell, on average, doubles its

~ constitu~ntsand then divides, producing two daughter cells. Nuclear'

DNA follows this pattern; DNA content doubles over the cell cycle and

during mitosis sister chromatids segregate to opposite poles of the

cell to form the daughter nuclei. These are sister nuclei; t~ey are

genetically identical and each contains half the DNA of the parent

nucleus. Thus, in proliferative populations of cells such as root

meristems, a 2-fold range of DNA values exist; however, for many other

cell and nuclear parameters there i~ a much greater than 2-fold range

of values. In lateral root meristems of ~. faba there is a 6-fold

range in interphase nuclear volume values and a 10-fo1d range in cell

area (Davidson, Golding and Armstrong, 1978). Similar results have

been obtained from root meristems of other plant species (Davidson,

Pertens and Eastman, 1978; Lyndon, 1967; Webster, 1979b; White and

Davidson, 1976). ,RNA content, protein content and dry mass of nuclei

also $how this high degree of variability (Bansal and Davidson, 1978a;

Lyndon, 1967; Bennett, 1970).

Since cells, on average, double their size and mass over a cell

cycle'this high degree of variability would at first seem to be

paradoxical. However, this variability might arise by asYmmetrical

mitoses, which would result in pairs of sister cells differing in size.

This appears to be the case; sister cells differ in size (Davidson,

Pertens' and Eastman, 1978; Davi,dson and Pertens. 1981~;. .Ivanov, 1971;

',', ,
. ~ .._,:~ -
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Lehtonen, 1980), and sister nuclei differ in volume (Davidson, Pertens

and Eastman, 1978; Davjdson and Pertens, 1981a; Webster, 1979b). These

differences in cell and nuclear sizes can be related to differences in

behaviour of sister cells. Ivanov (1971) has shown that the majority

of divisions in the cortex of Zea mays are asyrmu!tric, producing a

larger apical cell and a smaller basal cell; it is the larger,apica1

cell which has the shorter cell cYcle. Analogous to this is the situation

found in the root cap initials of Zea mays. Both the cell and its

nucleus are larger in Row I than in the sister cell in, Row II (Davidson,

Pertens and Eastman, 1978; Ivanov, 1979). The mean cell doubling time

for Row I cells is 10 hr. while for Row II cells it is 25 hr., (Clowes,

1975). Differences in cell cycle duration for sister cells have also

been observed in a number of other species (Kubitschek, 1952; Lehtonen,

1980; L6pez-S~ez, Gimenez-Martfn and' Gonz~lez-Fern~ndez, 1955;

Prescott, 1959; Webster, 1979a). Di fferences in cell cycl e ki netics

have been cited as the possible source of the variation in cell and

nuclear size in proliferative populations (Bansal and Da~78a,

1978b; Davidson, Pertens and Eastman; 1978; Thomas, 1980).

Differences in size of sister cells can be achieved in plant

cells by, the positioning of the new cell plate or cross wall at late

telophase. If the new cross wall is asymmetrically located in the

dividing cell then the resulting sister cells will differ in length and

most probably in volume as well. ' Inequality in the size of sister

nuclei is more difficult to explain, however. Davidson et!l. (1978)

have pointed out that the variation in nuclear volume could be generated

by variation in the volume of the chromatids that make up the post

telophase nucleus or variation" in the nuclear growth rate. In Pisum








































































































































































































































