1 ERCULCTICH

In recent time, tre expression cf cellular rhenotyres
and its regulstion during the cell cycle has become an
intent area of interest for the cell biologists. It is row
accepted th=t cell differentiation and cell transformstion
result from some change in the information centre of the
cell namely its LNA, Wwe are still in the dark whether
structural changes In the DNA molecule are always nccessary
for this process or changes in the controls over gene
expression are equally effective, e.g., the reactivation
of ‘switched off' genes. Variable gene activity ancd its
differentlial expression is generslly being thought to be a
key factor necessary for initisting cell cdifferentiztion.
It is probable that c¢ell transformation may be brought
about in a number of different ways. One such way is
thought to be the action of chemicals on the cell, which
cause changes in the genetic material in :many ways similar
tc that produced by radiation; the other possibility lies

with viral induced cell transformation.

#utation 1s a more or less permanent, uncoded
relatively rare change in the kind, number, or sequence of
nucleotides In the genetic material, It is not an iseclated
event or a simple chemical reaction, but a process in which
diverse cellular functions are knitted together., It is

quite likely that fundamental mutatiorn resesrch at the cell



been defined by Freese (1959) and last two by Brenner

et 81, (1961). Another class of mutants result from
deletion of megments of DNA which may be many nucleotides
long., If the number of deleted nucleotides is three or
a multiple of three, there is no framc-éhift errbr beyond
the site of mutation, but the protein produced may be
defective because one or more amino acids are deleted

from its sequence,

A particular enigma in this field arises from the
wide differences in carecinogenic and mutagenic amctivity
ghown by compounds which are closely related structurally
(Brookes and Lawley, 1964; Dingman and Sporn, 1967
Colburn and Boutwell, 1968), It has been shown that most,
if not all, of the closely related groups of cubsutances
which are active carcinogens have the ability to interact
co~-valently with DNA (Sneider, 1974). The methylaticn of
DNA produced by a mumber of alkylating agents, some of
which are mutaganie but‘notimarainm@mmim, show thst those
which are powerful carcinogens may have spall but possibly
important differences in the sites of the ul\A bases which
can be alkylated (Lewley and Thatcher, 1970; <obherts gt al.
1974; laitra and Frei, 1975). Thus, while the major site
of alkylation, the N-7 position on the purine base guanine
is common to both carcinogens and mutagens, the minor sites

the Ne1 and Ne3 of adenine, the LK~3 of cytosine, and the



w3 and C =6 of gusnine {Craddock and ¥aszee, 1903 hagee
and tarnes, 1907; lcveless, 1969; Iawley ard Thotekoar,
12%¢y Tawley et 2l., 1971/7y Craddock, 1973} show some
differences, particularly in the presence or shroence ¢f

the 0-6 methylastion,

The present investigstion is concerned with the
action of & maﬂofunctiq:nal alkylating s¢gent at a single
cell level. 7The gereral structure of moncfunctional
glkylating acent is shown below (1), which are, for e.g.
iethyl methanesulfonate (ii5) and Ethyl methanesulfonate
(Liss) where the alkyl group (Al) is active. The first
reaction of a monofunctional alkylating agent with bia is,
simply, the addition of alkyl groups to the DRKA (Strsuss
and Hill, 1970), although phosphates are also alkylated
(Rhaese and Freese, 1969). A monofunctional agent can
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occasionally cause cross-linking (either the two strands
of one Lih molecule = intrastrand croeslink, or twe strands
of diffsrent Ul.A molecules = interstrand croeslink), owing
to reactive LNA ends created by the alkylaticoneinduc:sad
bzckhone bresksre (Alexander and Stacey, 1958), CUre
functional group is sufficlent to induce mutationc (-t least

roirt mutations). In polsr sclvents, alkylating agents give

rise to positive carbonium ions, e,r., (2)



e,



exclusively for the present study, is considered to act
28 a mutagen mainly by the ethylaticn of purire base
guanine at the 7-position and the subseguent inﬂuéticn of
mutation either directly by hydrogen bending with thymine
instead of cytosine (GC -» AT transition) or only alter

depurination (Urgel, 19€5),

Studies with the tryptophan synthetase A protein

‘ system of Egcherichis goli have shown that LS is capable

of 1hducinﬂ transversions as well as transitions (Yanofsky

et al., 1966), Highly effective mutagenicity has been

shown by using EME in a wide varlety of systems, e,g. in
Drosophila (Alderson, 1964, 19653 Fahmy and Fahmy, 1957,
1961), Habrobragon (Lobbecke and von Borstel, 1962), E. goli
(lLoveless and Howarth, 1959; Schwartgz, 1963; Verly gt al.,
1967), s Subtilis (Corban, 1968), B. gareug (Necasek
ot al., 1967), bvacteriophage (Loveless, 1958, 1959; Csborn

&t al., 1967}, Neuresroras (Kolmark, 1956y Malling and

De Serres, 1968; Nagim and Auerbach, 1967), Schizosaccharonvees
ponbe (sSnyder gf al., 19503 Bateman gt al., 19663 Nasim, 1967
Heslot, 1961), zaccharomyces cerovisiae (Lindesren gi al.,
1965; Lingens and Oltmans, 1964, 1t iz also effective in

......

Yakovleva, 1960} and rats (Partington and Jackson, 1963),

ENS has induced chromosome aberrations in ¢ultured

manmalian cells (Chang and Elequin, 1967) and in mice



(Cattanach gt al., 1968). The carcinogenicity of ENS in
neonatal mice (walters gt 2l., 1967) has also been investi-
gated. Ultrastructural analysis of & chromosome segment

of ethyl methanesulfonate-induced anggnni1g'mglgg%a§13x
recessive lethals have been found to have an allelism
matrix in a short chromosomal segment covered by y ma1l”
chromosome (Lifschytz and Falk, 1969). The in vive and

dn ¥itro effects of alkylating sgents, ethyl methanesulfonste,
methyl methanesulfonate, hycanthone methanesulfonate and
naltrexone on the amino acid composition of rat and human
hemozlobin has been examined by Truong gt al. (1978) who
observed changes in the m&lar ratio of specific aminc

acids after mutagen exposure, Banerjee gt al. (1978) have
investigated EiiS induced reversion in the white locus of
Brogophils melanogagter to test reversion ability to wild
type., Effects of EKS in mice demonstrated by the micro-
nucleus test has been undertaken by Henry et al. (1980).
Estimation of proportion of small deletions among LENS-
induced point mutations at six sex linked loci of Droscphils
has been undertaken (Shukla and Auerbach, 1981), where

at least 60% of the point mutations are small deletions.
Alkylation of rat liver DNA by EMS leads to fragmented DNA
in alkaline gradients along with the accumulztion of single-
strand breaks (Den Engelse gt al., 1981).

The frequencles of complete and mosaic mutations

induced in mature Drosophila sperm by EiS at four X-chromosome



‘f:flocz, y. et, sn aﬂd f has baen estimated (Erink, 1970).

- f:A comparxucn of euabain th&oguanlne and excess thymidine

f[rasi tance in;Lh$ 1nduced muxagenesis with L51?8Y ‘mouse

'”j1ymphoma cells have been made avallanle by Cole and Arlett

/kf(1976).. bv1d@nce cf lncreased farward mutatiena in cultured

‘tehinese ham*ter Don eells hy S has been on record {Hamada

:   $;.£&-: 1978) Sensxtmv;tJ of the male germ cells of

'2 ﬂgmhxg‘mu_; and the frequancy of 1nduct10n of dominant
’ letha1 nutations by hﬂb has been detsrmlned by Datta g;_al
(19?8).? Efforts have been made (bhaw et al., 1978) t0°

w;investigate eondltlans nec@ssary to quantlfy the relatlonship

'*_Lb@bween.exposure to n&& and frequeney of mutatian inauctlon

;'aﬁ the hypoxanthinc-guanine phcsnhorlbesyl bransferase 1ocus
cin thnese‘hambtev‘V79,cells. Th& dcse—rate effects of EMS
'cn the ﬁurviva17ahdlihdﬁe$ion of mutatlons in Chinese hamster

-Don cells were 1nvest1gated by uugiura et 2l. (1978), Large

'.f 1ﬂcreaoe in the Lrequency of OUAR chlneae hamster cells

§ muuants were found in cthures' treated with various concen-

V;"tratlons of E ?g by~respread1ng cells 1n 1 mﬂ ouabaln for

.‘upto 8 days azter~Ems treaﬁment (Thacker et gle. 19?8).

"715A;°er¢eb of dibucaine-reszstant (le ) varian% of the

”.7mou¢e lymphold cell 1¢ne LSi?BY have been iﬂduced by E¢~

"'Isftvaughan,g_,gl.. 1980) ard isolaﬁad by selection for

1atance Tc & short (&8 h). hlgh concentraticﬁ (G ols5 mi)

';idrug pulse._ ﬁlm and morrlson (1981) have shown that ENS

- 1ncreased the mutaﬁﬂon rate approximately 100 fold as compared




e The veqnence oﬁthaes of a typical eell eycle is Gpo S €

%o Spontanéoﬁétﬁufétieh rate éfﬁfhe iﬁmunqélobulin_lqcﬁs '
 1n the Y5606 cultured myeloma oell ‘line, ‘Eﬁiﬁeﬂce froh
 the work ' of Generoso &t gl. (1981) indlca%es that chromo-
s0me rearrangements occur after fertilization fo1low¢ng
;Anestmelotic treatment of mal@ mice germ eellg with IS,
31Tha use of mammalian cellg for mutation research has been
‘stimu1ated by the flndlna that mammallar somatic cells
',treated in culture with' chemlcal mutagens,~such ag ethyl
,methanesulfonate and N-merhyl-N'-nltro-n-niﬁrosoguanid;re
(mNNG). increase the occurrence of cell varﬁants with

: stable. altered phenotype (Kao and Puck 1968; uhﬂ.:1971)-

' The idea to use radiatlon. dlfferent drugs. carclnogens,
A.mutagens and . ether chemicals at dlfferent phases of the cell
’ cycle has opened up a new fleld ox 1nvestigatlon. When
 ,-cha11enged with different klnds of hazardous physxcal and
chemmcal agents at speclfic phaaes of the cell cycle.
81gn1flcant molocular event(s) respon81ble for ‘the altered
H;phenotyrlc and biochemieal expresswons are revealed. Since -
'1ii° formulatzon by‘howard and Pelc (1953). the cﬁncept of
cell cgcle has had a considerable importance in cell blology.
2.
and M. ) grow;ng cell underge&s a cell cyele that eamprises
: ;esswnt1a11y of twe perxod@. the ;huéxghaﬁg or a period cf
::non-appdrent diV1&1on and the peviod of di v g Cor I phage.

G1 is the parlod between the end Gf mltosis and tart of




LA gynthesig, 8 is the phsse of DMs synthesis, and &3,
tra interval between the end of LLA synthesis and start

cf mitosis, The reprulation of the duration of the cell
cyole cccurs primarily by arresting it at a specific

reint during the Gy, and the cell in the arrested condition
iz said to be in the G, state (Lajtha, 1963)., It hos

beer ofter been suggested that at least the terminal part
af Gi contains immediate preparations for LA synthesis,
2,7, synthesis of such enzymes as DNA polymerase, thymidy-
1ate synthetase, kinases, concerned with production of
thymidine triphosphate (Frescott, 1968). It is clear that
both REA and protein syntheses are necessary for cell
»ro;sress throush Gl (Baserga gt al., 19651 iishimote and
Iiebernan, 1964 lueller gt gl., 1962)3 protein synthesis
apnarentlv is reguired until a very short time before Dhui
synthesis begins, if not 2t the very end of Gy (Irescott,
1968), Broke (1977) has shown that a continucus protein
synthesis is recuired to maintaln the probability of entry
into - phase, The most impeortant point in the regul:tion
of cell cycle occurs in the Gl vhase, during which it
rugt decide whether the cell will start a new ce&ll cyele
or become arrested in the (, state, Of the biocheulcal
events that occur st defined stages of the cell cycle,

tre moet significant one is LRA synthesis., The . phase
cells contain a factor that induces bha synthasls (ieso

and Johnson, 1970). lrotein synthesis is requlr.d not



i1

ﬁ'only for the iﬂ¢tiatien* of g 1n eukaryotic cells

.;_(Tera ima and Ya&ukawa, 1966), but also fbr the continua—

‘ #ftgon of phA gynthegls. BNA synthesis in euka”ycteﬁ may

lfrequlre ccncomltant histone syntheszs which beuomes |
zfassoeiated wvth th@ newly replicated DNA (Robbins and
“5Eovun, 1967) ar eyn%hesis of cuher praueLns nct QOﬂcerned

jgdlrectly ulth initlaflon. The Gy period containg the

ﬂ', 3¢@vent» thar end the chramasome replication followed by

, ehy omasome segregatxon.' Durxnp Ga the: factors necessary

‘A‘fer enramosome eondensatmen -are synuheslzed and in many

e1ls, hxstopa Hl beeomas phosnhoryla»ed during this

wf;peried (Bradbury ot al., 1974).  blfferent aspects of

“v.i;the ce1l cycle;ﬁhoroughly been reviewed by nitehigon (1971);

']Some_at*ehtidn‘hashrecentlyibeen‘focvéﬁ%d»an the '
‘ifsocal?ad"traﬂ ¢tlon prmhabxlity view of the cell _eyele

L(Bu'nw and Wannack, 1970: Shlcld 19?7) It_has been

o fprogosed (Burns and Tannack, 1970~'~mlth ‘and Fartin, 1974)

'-ﬁhab each cell is.trwggered lnio,aisingle Qgc1e of replica=
i.thﬂ by. aome random events._ Thé'céciiiaébr cdnéept‘ef the
vﬂ°cell vycle auggesto that regulatlen of. repllcatmoa is

iach:_eVed 'E:hrough a uwitch-»lz.ke px‘ec&ss (G:leert, 1978).

Studies on the cell cyele of amoebde in@iaate that

" ,%he arran@emenﬁ of events 1n the cycle may be amffevent

from. ather eukaryatic cells types.; Nilova (19&5) had
J"ireported a “1 ini&.‘nzgjgyg. uBuﬁ_;t-was.qontradicted by
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Crd (1968&): Frescott and Lauth (1973), where they found
that 01 perieod is less than one hour or may be absent.

It has also been studied by Ron and Prescott (19069
Goldstein and Ron (1969) that in 4 proteus a Gl is absent,

3H~thymidine incorporation

the 5 shows some varlability in
from 5-9 hours after mitosis. Studies on another sirain
of A. proteusg, Ord (1968a), found that LNA synthesis
begins with the completion of cell division and the

pattern displayed two peaks of LNA synthesis.

The main events of cell cycle in A, protgug has
'beon sunmarised dy Prté&ott (1973), where UNA synthesis
(5 period) begins at the end of mitosis., There is no ¢,
period., Most of the cell cyecle is occupied by Gz period,
Two hours before mitosis 1n G2 thauamaﬁbae rasses T=-1 or
- trensition point one, where mitosls occurs and Llli gynthesis
ig initiated when mitosis is completed. Rao and Frescott
(1970) have recorded that the synthesis of any xliA ocgsential
for mitosis and cytokinesis is completed two hours before
mitosis, It indicates that mitosis and DNA synthegiz in
amoeba are indeed tightly coupled, Available cvidence in
amoeba shows that the decision to enter Lili gynthesic hes
been made two hours before mitosis (Frescott, 1572,. It
has been summarised by Frescott and Goldstein (135¢7) that
(1) the cytoplasm of G, phase cells lachk those properties

necessary for the support of Dla synthesis, snd (Z; the
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S phase cytoplasm has properties that can induce DNk
synthesis in a G, nucleus. The latter statement was
contradicted by Ord (1966}, The cytoplasmic regulation

of nuclear LUNA synthesis in amoeba interspecific hybrids
has been rgperted (Rao and Chatterjee, 1%74)., GSpear and
Frescott (1980) have shown that Agoeba proteusi synthesizes
Dli in G, phase upon feeding after starvation. kakhlin

et al. (1979) have shown the changes in LNA content of

As proteus nuclei during interphase, Frescott (1973)
suggested that one of the few specific clues about the G,
period in amoeba is the transition point (1), onee a

G, amoeba has passed this point, it is no longer dependent
upon RNA synthesis in order to proceed to mitoels, divide
and initiate LHA synthesis in ﬁhm‘m%wwépmwwwmmmmmimgmmmleumw
The kinds of nuclear RNA synthesized WWA&.Vi‘NQ@@

g under
ugual 1mborataww gonditivng have hesn whmwwmtm med by
 Prescott et al. (1971) snd to some extant by uwldatein and
Trescott (1970). It has been on record that a significant |
portion of the low molscular welght nuclear KNA does not
lesve the nucleus during interphase (Goldstein and Trescott,
1970). The rRNA and tRNA, which comprise the bulk of
eytoplasmic RMa, are not invelved in the mié@tium beck into
nucleus (Goldstein, 1973). Kinetic studies at various
phases of the cell cycle on the relations between the
nuclear activity and the variable jﬂnamino acid Incorporation
pattern in 4, preteus has been examined by Chatterjee and

Bell (1976). The response cof amoebae to various kinde of
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radietions snd effect of chemicals and antibiotics on
anmoeba cells have been reviewed by Urd (1973b; 197%ag
and Hawkins (1973). The use of chenrical mutagens on
amoeba has been undertaken only during the last few
years, Fresent knowledge regarding the cellular events
and cellular metabolisy prior to induction of mutations
iz fer from being complete, For example, information
on trte cell cycle phase specific sensitivity as well
as the nucleocytoplasmic interactions at a single cell
level which can proviﬁ@ valuable clues regarding the
timing and major site(s) of action of the mutagen, remain

largely obscure.

Three nitroso compounds or nitrosemides, Nemethyl-
Nenitrosourea (KNUrea), NJmaﬁhym~N~witr¢%ow?aﬁhawg (LNU)
and Nemethyl-l-nitroso-N'-nitrosoguanidine fmwmm&;ihmv@
been used in studies on amoeba (Urd, 1973a) with the
production of similar series of effects, Ord (1968b)
has shown the lmmedizte and delayed %fﬁ@mtszqﬂ Nemothyl-
Nenitrosourethane on A, proteus tc monitor:fhé:affwcts
of this substance on a single cell with regard to the
duration of its action, in pasrticular, whether the acticn
ig limited to the nucleus, or to the cytoplasm, It has
besn cbserved (Ord, 1971) that unsuccessful division of
an amoeba grow abrnormally large sfter treatment with
liemethyleN-nitrosourethane, Catburn (1977) has ussd five

muta;enic or carcinogenic chemicals on amoebze and found
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a gradual movement of sensitivity from & nearly «ual
nuclear and cytoplasmic lethality with the chemicals
methyl methanesulfonate and dimethyl @ulfate to a high
nuclesr but low oytoplasmic lethality with MNUrea, The
ICI compound  2(dechloroisoprocpylamino) ethyl naphthylene
hydrochloride (Tucker, 1968), which was activated by using
a rat microseme preparation with the amoeba treatment
(Catburn, 1977), fell between these two sensitivities.
A f£1fth chemical, hydrazine sulfate failed to show lethal
nuclear change. The site of damage in amoebae exposed to
low concentrations of methyl di(B-chlorcethylamine, a'nitro-
gen mustard’) has been recorded (ord. 1956) and the effect
of N-methyl-N-nitrosoursthane on amoebme has been examined
by Ord (1965). o

Nuclear tranaplantatiéﬁ b&%wumniﬂaﬁmdl and 'psle’
mutant amoebae has been undertaken (Ord end Bell, 1968)
to resolve the action of nucieusuinwcdﬁmfmllimm expression
of a cytoplasmic character. Relationship between nuclear
DNA and RNA synthetic activities and the changes produced
by Nemethyl-Nenitrosourethane in A. proteus has been
exapined (Ord, 1974). Ord (1976a) has recorded the changes
in DNA synthesis of 5 phase amoebs cells exposed to l-methyl-
Nenitrosourethane. An attempt has been made (Crd, 1976b)

to show how the intersction of different degrees of nuclear




cell damage by toxic chemicals,

Chemical mutations have been induced in 4. proteus
by treatment with NemethylelNenitrosourethare (Ord, 1965,
1970). All three mutents, Mini Lwtant, Spl Mutant and
Fale Kutant, originated frmﬁ single amoebae after treat-
ment with Nemethyl-Nenitrosourethane and have been
gultured in the 1ab0rmmﬁrv for moyxe than twe yeors,
undergeing at least xﬂ gumm; nyﬁxwu, without losz of

putant chmrautwr&mtiﬁ e Wﬁuh d&ffurm from the control

parent = strain 1n ﬂ nunber- of characteristics apparent
in both nucleus snd ee

ation is concerned with the
atudy of the MB- pummr&ul mﬁta%ﬁmia mg@nt |
on an unicel 1 ”ate. wukarymtia m@l& namaly

P serve as a very useful
gingle cell i gtudy of chemical mutagenesis
pecause of genural fuﬁyw&nwﬁﬂ, long
generatio . 1 t offers a rare opportunity

‘ | Hiuducaﬁ chanwaa in a ﬁﬁﬁﬁi%
» blochemical and genetical
of 2 long cell cycle, the
pynchronised without reserting
or temperature shock zllows the
t¢ be studied fairly sccurately
he cells’ life cycle.
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The main aim of the present study has been towards
a2 better understanding of the regulation of nuclear and
cytoplasmic activities and the expression of cellular
phenotypes in this somatic replicating cell type when
challenged with the mutagenic agent, This investigation
is primarily concerned with the following aspect of the
cellular responses of the mutagen exposed amoebae 1=

1. To follow the nature of morphological and
cytological changes induced by EMS at light and
electron microscopic level at different periods
of time,

2, To monitor any changes in the kinetics of nucleic
acide and protein aynthotie’autlvity by tracer
incorpeoration mtudy after mutagen administration.

3. To 1nvaati&mtn thn mwll uymlc phumu specific
responses mw whw mutmadﬂ %WWmtaﬂ cells and analyse
the action wf thm mu@ag«n in r&lation ‘to nuclesr
and eytmpluuu&@ amtivltluu as a functlon of the
age of the cell.

Lk, To search xmw aﬂy vaWLunt/esll ceycle mutant which
‘might originate after tresting the cells at the
defined phasos of the cell cycle and churacteriza-

tion of the same,

This study, might hopefully provide some invaluable
clues regarding the regulations of some cellular functions
in general, and to understand which are especiaslly, involved

in snd are operating at the different phases of the cell cyc!



