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BATERIALSL ANL METHOLS

A. Eell culture:

A large uninucleate protozoa, ARoS

used as an experimental model for the present investigastior.
Amgeba indigam was collected from the local pond in Bombay,
India (Rao, 1971). Cultures were maintained in the
laboratory at 22 + 19¢C, Cells were cultured in glass
vetriplates and grown in Prescott and carrimr'a'{igéu)
amoeba medium contalning NeCl 0,01 g; GuClz 0,01 gy KCL

0,06 gy WgS0y 0,002 gy CaHFQy, 0.004 gy dHp0 1000 m) and

pH was adjusted to 6.8.\

Ampedbae were fed with‘frnﬁhiy harvwwtwﬂ“:m;ws:fa~,x

45, & mmwm zamw:sm whmh were grown mmmwauy
in a mmdium awmtmiming & pmr eant @rmtwmam pmpﬂmnm mmmth
in glass distilled weter alqng with 1\@ of liver mmtract
per 1000 ml of the medium, A 250 ml ehrlenmeyer flask
containing 100 ml of protecse paptane}madium was then
sutoclaved for 20 min at 15ipsi, cooled down to 22 % 1%¢
and the Ie ‘

ne were innoculsted and grown in this

broth., Three days after Immoculstion

hsyvested by centrifuging at ca., 200 rpm for 1 min and
the supernatent containing proteose peptone was decanted
arnd replaced by amoebs medium. The process was repested

four times to remove the trace of protecose peptone. Then
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the pellet containing Tedpshypmense was diluted with

anceha medium.

Ancebae were fed every alternate day followed by
regular replacement of fresh amoeba medium. Fetriplates

containing amoeba culture were changed every secornd day.

B. Trestipent wit vtaren:

A potent chemical mutagen, Methanesulfonic neid
ethyl {”ester (Ethyl methanosulfonate, BNE) was wged for
the precsent investigation., Tor KB trectnent, the desired
guantity was added to 0.05 ml of ethanol, then dlluted
with autoclaved amceba medium (pH 6.8 + 0.1). lo
significent pH change occurred during the short pericd of
treatmenﬁ.' The alecohol usoed was equivalent to the final
concentration of 0.4 per cent in the dlluted 0%, In all

cages freshly prepared mutagen solution was used.

Selected numbef of 18 h starved, healthy and sttached
amoebae were picked up by a braking pipette and put inte
gyracuse watch glasses. Cells vere treated with different
cancentrétions of EMS for diffcerent periods of tixe. Follow-
ing the trestmont cells werc washed thoroughly with amoeba
nedium to remove the mutagen. The treated amochze were
usually fed half an hour ofiter the EIE treatront with a

light suspension of Zetrahvmens.
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C.

Healthy, attached and wellfed amoebae were randomly

selected from mass cultures and kept in separate watch
glasses in amoeba medium. For each experiment betwesen

30 to 60 cells were selected and the experiments were
repeated 3 to 6 times, Cells were then treated with
different concentrations of ENMS, Amoebz medium was sucked
off by braking pipette before EKS treatment., 0.4 ml of
desired concentrstion of Lkb was added by a2 micre syringe
(Kamilton) to each syracuse watch glsss«: contalning the

amoebae,

Fercentage of cell survival was determined by
observing and counting the LiS exposed viable cells at
different periods of time after the treatment, Control

cells were kept in similar fashion in each case,

For determining generation tine 30 syracuse watech
glasses were tasken and each filled up with 0.6 ml of zmoebs
medium and in all of these watch glasses cne treated amoeba
wasg transferred. This time immediately following treatment
was considered to be 0 h., Every day around 24 h interval
amoebae in each watch glass were counted and results were
tabulated noting actual number of amoebae. Food and
culture medium were replenished every alternate day.

Five to ten division cycles were considered to see the
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effect of LiiS treatment, if any, on the generation time.

Lach treated lot was compared with a control set.

b,

In A. fpdigg the average generation time was reprocrted

to be 24 * 2 h with a 5 period of 3 £ 1 h (Kao Qnd Chatterjee,
1974). However, in our laboratory condition the gencration
time was found to be quite different than that was reported
earlier, The entire cell cycle was found to cover a period
of 72 * 6 h, where mitotic phase took 35 to 40 min and the

S phase continued upto 7 h. The & phase cella were c¢cllected
immediately after the completion of mitotic division and
were labelled with 3H-Tdr; while the length cof mitotic

phase was determined by the time taken by the cells to
divide into two daughter cells after the formotion of a
division sphere. The time covered by G, phasc woe calculated
from the cell duplication time of the cells after dedudting
the period occupied by LNA synthesis,

Cell cycle phase-apecific sensitivity in terms of
per cent cell survival, after exposing the cells with EusS,
was observed by selecting synchroniged grouns of smoebae
from mass cultures by plcking up division sphersg with a
braking pipette and kesping them singly in small syracuse

wateh glasses until they reach the desired age for 1i1L
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treatment, Cell cycle phase-specific sensitivity was
determined at different phases of the cell cycle with
different concentrations of Eib, treated for 15 and 3¢ min,
The cell cycle was divided into mitotic phase (division
spheres); early-S-phase (1 h after division)) mid S phase
(32 h after division)y lete S phase (5% h after division)
early G, phase (10 h after division); mid GpoI phase {20 h
after division); mid G,II phase (35 h after division);

mid G111 phase (48 h after divieion) and late G, phase

(66 h after division). -Selected number of cells at
appropriate stages of the cell cycle were taken in syracuse
watch glasses and exposed to ENS., Cell cycle phase-specific
sengitivity to the action of EMS in terms of percent cell
survival was plotted from the numerical dsta obtained by
counting the numbers of viable cells at different periocds
after the mutagen treatment., Control cells were kept in
similar fashlion. Each experiment was repested three to

four times,

For determining mean generastion time, cells at defined
rhages of the cell cycle were taken and treated with different
concentratiorsof ENS for different time durstions, The rest

of the procedure was same as mentioned ezrlier,

Cell division delay, if any, was calcul:ted by
deducting the c¢ell duplication time of the treated cells

from the control ones,
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Some Mini cells which were obtained (vide infra) from
EiS trested amoebae were cultured by adopting capillary
cloning methed of Ord (1979b) after minor modificsztions
to produce a clone, The methed was used to avoid other
amoeba contaminations in mini cell culture and to chserve

the progeny obtasined from a single mini cell.

A drop of modified Chalkley's medium (Ord, 1970)
containing NaCl 16 g NaHGOB 0.8 g3 KC1 0.4 gy NazﬂkﬁainHﬂﬂ
0.2 g1 CaHPO, 0,2 gy and liglly 0.2 g to 1000 ml of dH 20
diluted for use by 5 ml tm 1000 m} deo. was intrmdmcad
into a capillary tube (of?cm“lanath and 5 mm diamwtwr)
which had first been fuawd ah one anﬁ hy thw flmmw mf a
fishetall gas Jet. The bhalkley 8 medium wag wllawwﬁ to
£111 the central third of thmfalpillmmyjtubq‘lgavin% an
air gap of approximately one third of the tube‘ién&th ét
the fused end and an equal gap at the open end. To this
medium was added a small drop, approximately 5 aml, of
concentrated food suspension pontainlng ca., 200-300

ag end a single *Hini’ cell {amoeba). Capillary tubes

were attached to a glass slide with plasticine and stored,
The mofified Chalkley's medlum was adjusted in such a way
that after additien of food suspension the final pl! was

5.8 to 6,0. The food suspension for capillaries was
obtained from 5-10 days old wheat infusion culture. Amoebse
were removed after 18-20 days by bﬁ@kimg the capillary tubes.,
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For large scale culture of the cloned ‘iini' cells, glass
petriplates were used, °‘*iini' cells were routinely
cultured in modified Chalkley'a medium using Lhilomonae

as food organism.

Amoebae were pleced on one side of a gelatenised
slide and excess medium was drewn off. A drop of freshly
prepared 45% agetic scid was taken on a cover slip and was
inverted on the amoebae, The slide was then immedistely
dipped in 1iquid }nltmu#mtil frozen and the cover slip
was flipped off By a foreep, The slide was then post-
fixed in u‘nulﬁghiywﬁixnfivc for desired time following
remavaxvof $ﬁ#” xatd yin absolute ethanol, 905% and 70%
ethanol und_ } ‘

Tetrahvmens of {for 'kini' cells) and checked
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in 0.6 ml of armceba medium. Amoebae were allowed to

feed and cell samples were collected on gelatenised
slides gt different time intervgls after Lis treatment
and squashed. Cells were postefixed in 113 zcetic-
ethanol followed by processing in down grades of ethancl
and finally air dried, 4 econtrcl set was run ot the

same time., Cells were stained with CGiemsa and pountad

in LiX, Ekxamination of the cells for counting the number
of phagosomes on the visible part of the cells was carried
out under a Carl Zeiss Jena (GDR) microscope with X200
magnificaticn, Pifteen to twenty cells were cxamined

at each poiﬁi.

For measuring cell size and nuclesr diameler, more
than hundred ¢ells were randorly selected from the nass
cultuvre and the messurement was done by placirg an
ocular meter in the eyeplece of a Carl Zelse Jena

*Amplival' microscope: under A100 magnificaticn,

J. gtaining procedures:

Glemsa stain ¢ For general staining purpoues cells
were fixed in 15> scetic-ethanol, stasined in buffercd

0.2% Giemsa and made permanent,
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Toluidine blue 1+ Basophilic reactions was noted by
staining Zenker-fixed squashed cells with 0,1/ toluldine

blue in 1+ ethanol. Cells were staincd for 15-20 seccnds
followed by washing in dH20, finally asir dried ard scunted

hon (adopted from
Gurr, 1956) + The method was used to locate glycogen,
mugopolysaccharides and mucoproteins. osguashed c¢ells,
fixed in Bouln’s fixative were oxidised for 10 minutes

in 1% agqueous periodic scid, rinsed in dﬂzm and trang-
ferred to Schiff's reagent for kS min, washed in freshly
prepared sulphite wash water (3 changes, 1 min esch) and
then kept in rumning tep water for 10 min, dehydrated and

mounted in DFX,

sSudan bleck B + Sudan black B staining technique was
used for locating bound lipids in amoebe. Sguashed cells
were fixed in 10% formalin, washed in 50/ ethmnol and air
dried, Cells were stained in sastursted Sudan blaek b in
704 ethanol for 3C min at room temperature followed by
guick rinse in 70% ethanol for differentiation, finelly
washed in rumming tep water, blot dried gnd mounted in

glycerine Jelly.

g ¢+ Mercury-Bromorhenol blue

method of Bonhag (adopted from Fearse, 1968) was used for
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locating the protein moiety in asroebse., Cells vere {ixed

in freshly prepared Carnoy's fixative, washed thoroughly

in 90% ethanol brought down tc water snd stained in

mercuric bromophenol blue (1% HgCl, and 0.05: tromopherol
blue in 2% aqueous acetic acid) for two hours st room
temperature, Cells were then washed in 0.5 aceilc acid
solution for 35 min, dehydrated in two changes of tertiary
butyl alcohol (5 min each) transferred to xylene and flnally

mounted in euparsl,

ge + Modified Gomori method

{adopted from Fearse, 1968) was followed for locating the
activity of slkaline phosphatase,

' Cells fixed in chilled acetone, were incubsted for
45 min in incubating mixture at 37°C, passed through 2%
Cobalt nitrate and diluted yellow immonium wulﬁﬁiﬂa‘in 1
40% acetone (0.1 ml of yellow Ammonium sulphide dissolved

in 50 ml of L0% acetone), dehydrated and made permanent,

Agcid phosphatage + lLead nitrate method for aeld
phosphatase of Gomorl (adopted from Fearse, 1968) was found
sultable for locating the activity of acid phosphatase in
amoebse,

Squashed cells fixed in chilled acetone were incubated
at 379C for 45 min in freshly prepared 0,01 ¥ Sodium-B-glycero-
phosphate in 0.05 ¥ bodium acetate buffer (p 7.0), containing
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0,008 ¥ lead nitrate, passed through diluted yellow Ammonium
sulphide (0.15 ml in 50 ml dHZO). washed, dehydrated and

made permanent,

K. Liguid scintillation apectromeiry
dncorporation study

Syntheses of DNA, KNA and protein were mensured by
the incorporation of 3H~thymidine (Methyl 1) (sp. act,
17.8 Ci/mi)y JH-uridine-T (G) (sp, sct. 10,9 vi/mii end
3%-1—1eueine T(G) (Sp, act, 7.6 Ci/mi) into EiS exposed
cells, Amoebae were incubasted for one hour at each point
with 50 al of labelled precursor, washed with cmoedbs medium
atlesst 4 times and traneferred to unlabelled piecursor for
15 min (1 h in case of thymidine label) with 3 charyes.
Cold thymidire (5 x 10~2®), uridine (5 x 10™%), leucine
(2 x 10"3¥) were used to wash and chase the labelled cells.
Unlabelled precursor solutlons were prepared in sterile
amoeba medium and the pH wag zdjusted to 6.8, Uesired
nunber of cells were then transferred inte teut tubes
containing 0.5 ml of LDYA buffer (pH 7.5) conta ining
Ce15 W Kﬂlfmnﬂ‘m%\Wmﬁ ag cell 'lysing medium, For Luvesti-
gating protein, DNA aﬁd‘ﬂwﬂiaynthmaew, cells were similarly
lysed and 300 mg of B3A (dissolved in sterile .0, M 6,8)
as carrier protein; 400 g of DNA (dissolved in Ss. vuffer,
containing 0.15 i Tri-sodium cltrate dihydrate and 0.015 &
NaCl, pH adjusted to 7.0 with C.1 M NaCH) and 400 A of RNA



(dissolved in 50 mM Tris-HCl buffer, pi 7.5) were added
as ogarrier tollaﬁad by precipitation with a final ccncen-
tration of 10% (v/v) (for protein) and 205 (v/v) (for
DNA and RNA) chilled TCA,

After addition of TCA, sample sclutiors were allowed
to settle the precipitate at 4°c for & to 12 h, thre
precipitates were collected on Killivore membrane filters
(Pore size 0,45 um, 25 mm dia., idllipore Intertech Inc.,
iasg,., USA) with the help of a laexflow filter holder
(kaxflow, Bomdbay, Indis) and washed several times with
55 (v/¥) chilled TCA under water suction pump, dricd
undar an infrared lamp and the incorporated rodloactivity
was counted By Fackard Tri Card Liquid seintillation
Lspectrometer (ilodel 3380) in scintillat&on vials contain-
ing 10 ml of toluene based liquid scidtillant (FiC 4 g;
POFOF 100 mgy in 1000 ml of sulphur free toluons). Procedure
was slightly modified for samples to bhe assayzd for protein
synthesis, 1 ml of 0,5 N NaOH was added %to the sample
after TCA precipitation (for 12 h at 4°C) and kept for
12 h at 37°C, added 50 ml of 6N HC1 to the sample for
neutralization, allowed to stand for 1 h at 0% and
then collected on membrane filter, Thus an alkaline
hydrolysis of RiNAs (especlially t-RNas) was carried out
which might have had taken some labelled aminc acid during
syntheals., Control cells were also processed in the

same way,
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Counting was done through S channel., ‘ounting
efficiency of the Seintillation counter was found to be
60% for . The radiosctivity was expressed in terms
of counts per minute (epm) after background deduction
and quenchirg correction, Channel ratio and autostandard

was checked,

The specificity of tracer thymidine wns c¢hecked by
Diase digention. Dhase solution of 0, 3mg/ml concentra-
tion (pH 7.0) was prepared and the digestion was curried
out for 6 h at 37°C by dipping the labelled squashed
cells in the DNase solution., After enzymatic digestiion
the slides were washed thoroughly in dﬂao. pir dricsd and

processed for autoradiography.

Ko Autoradiosrarhy:

For autoradiography, the labelled and squashed
amoebae were fixed in 143 acetic~ethanol, washed »ith
90 ethanol and treated with S5 (v/Av) 1Ca for & min st
5°C to remove unincorpurated labelled precurscors fovllowed
by washing thoroughly in absolute ethancl and rectified
spirit and cultimately air drieds The cells wore *hen

processed for autcradlography.
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phy ¢ This procedure

was folloved for cnly one experiment where 18 h starved
healthy cells were randomly picked from the mass culture
and exposed to 0,5% EMS for 15 min. Cells weére pulse
labelled for 1 hour at each point with 200 mCi/ml of

50 ul BEoﬂmlmmmiwm {sp., act, 3.3 Ci/mi), EH—l-lauﬁine

wag mixed irn sterile amoebaz medium and the i was odjusted
to 6.3, Aafter incubation, cells were washed thorosughly
with amceba mediunm and cold L-leculne (2 x lﬂ”ji. »repared

in zrocha medium, pH 6.8) for 15 min and squasted,

Kodak fine grain autoradiograrhic stripping film
A 10 (Kodak Itd,, London) was cut into smeller rasctangulasr
pleces and zllowed to fleat In dHp0 {pH adjuoted to 7.0)
at 29°C by faeing the erulsion side down, Isbelled and
sguashed cells vere costed with the Tilp strips (erulsion
gide faeins the speciren), dried by vaing a air hlower
and trarcferred the elides in a2 light proof bakelite box
cortaining silics gel. The ertire operstion wreo rarried
eut in g derk reoom by usirg = 25 watt lame Fittod < ith
z Fodak safellsht filter, oy 1. The bakellte hoics
vere kept in dorkness at 4°C for 16 days for radicactive
expogure, finally developed in Feodak D19% developror for
9 »in at 10%C and fixed in acid fixer (Fay and Ieker,
Indin) for 5 min., Cells were stalined with Clemse, alr
dried and pounted in euparal. Contrcl cells were yrocessed

in the mame manner.



rapid liquid scintillation method for autoradicgraphy
(Gaddipati and Sen, 1978) was adopted to carry out the
entire experiment on cell cycle of A, jadigg and "«ini’
cells, This technigue was followed to minirise the
time of exposure and to get higher resclution ¢f the
avtoradiograms, 1t was also found to reduce backiround

grain development markedly on the films.

Li-a and protein synthesis was investigated through-
out the cell cyele of control, treated A, indica and
'Minl® cells, For LNA synthesis 50 ml of 3N-thymiﬂinm
{sp.act. 17.5 Ci/mk) was used st each point, For
protein synthesis 5GJM1 of 3Hw£~1eﬁcin& (ﬁp. act, J.3 Ci/
mi) of the strength 200 pCi/ml of sterile amceba medium
(pH 6,8) was used, Cells were incubsted for 1 hour with
labelled precursors through each point unless and cther-

wige mentiorned,

Lahelled and squashed cells were coated with Fodsh
A 10 stripping film, dried and stored at 4°C in 2 light-
proof bakelite box, containing silica gel, for 24 h,
immersed in scintillation fluid (containing Fr0 6 g and
dimethyl FOrUF C.1 g in 1000 ml sulphur free toluene)
in 8 Coplin jar, tightly sealed and kept in the dark st
3006 for 72 h and finally brought to 25 + 1°C, In

comrlete darkness they wvere successively transferrcd to
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xylene and passed through down grades of ethanol. The
preparations were developed for 7 min in Kodek LU19D

developer at ZOOC. briefly rinsed in dH,C and fixed in
acid fixer for 5 min, washed, stained with Glemsa and

mounted in euparal.

K. Grain counting procedures

For quantitative analysis of protein synthesis
grains were counted by placing sn eye~-plece graticule
on the ocular, 2700/um2 area was counted from three
randomly selected coyteplasmic gones in each cell, For
DRA synthesis, grain counts were done per nucleus under
an eye-piece graticule examining several la®elled nuclei
per point, Grains were always counted under X100 oil
immersiocn objective and viewed through a Carl Zeiss-
Jena, Amplival microscope (GDR)., Background on the
slides and cytoplasmic grain incorporations (in case of
DNA synthesis) were deducted to get the actuasl count.

Amoebae were placed on a coverslip and fixed for
1 h at 4°C in Kernovsky's fixative (Karnoveky, 1965),
containing 5% glutaraldehyde and 4 formaldehyde in 0.1 &
cacodylate buffer at pH 7.3. Cells viere rinsed in 0.05 i
cacodylate buffer (pH 7.3) and post-fixed for 1 h at 4°C
in 1% osmium tetroxide in 0.1 K cacodylate buffer {(pH 7.3},
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washed thoroughly in dﬁzﬁ. dehydrated in a series of
ethanol and acetone and dried in a Sorvall Critiecal roint
Drier with liquid C0,. The specimens were coated with
Gold in vacuum and examined in a Cambridge Stereoscan,

model S4-10 operated at 30 kv.

P,

Cells were fixed for 1 h at 4°¢ in Rarnovsky's
fixative (Karnovsky, 1965), containing 5% glutaraldehyde
and 4% formaldehyde in 0.1 kK cacodylate buffer at
pH 7.3, rinsed in 0,05 b cacodylate buffer (pH 7.3)
and poet-fixed at 4°C for 1 h in 1% osmium tetroxide in
0.1 M cacodylate buffer at pH 7.3, rinsed in caccdylate
buffer (pH 7.3) and in dHZO. Amoebae were than enbedded
in a 2 mm cube of 2% agar (Fliekinger, 1969). 4agar
cubes containing cells were dehydrated in graded series
of ethancl fellowed by propylene oxide, then infiltreted
and embedded in Araldite, Emdbedding was done in beam
capsules and polymerization of the resin sclution was

carried out at 60°C for 16 h.

Sections were cut in an 1LKB Ultratome IV using
glass knives prepared with 1LKB Knifemaker 7800B. 0s5 pm
thin sections were cut and stained with 1.0% toluidine blue
in 1,0% borax for light microscppic observations., Ultrathin
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sections ranging from 700-800 i were cut and mounted
on uncosted copper grids, Grids were then stained
with uranyl acetate and lead citrste (Reynolds, 1963),
Electron micrographs were obtained with a Siemens 14

electron mieroscope operated at 80 kv,

Q. Ehetomicrography

Photomicrographs were taken through Carl Zeiss
Photomlcroscope-I1 using ORWO (35 mm) 125 ASA panchromatic
films, Neopan (FUJI) 400 ASA filma were used in Carl Zeiss
'Teﬁamvmr' Fhotomacrographic Zoom system for taking

photographs of living cells,

All radicactive precursors were purchased from
Isotope Division, Bhabha Atomic Research Centre, lLombay,
India. Liver extract, Ethyl methaneaulfonate, Thymidine,
Uridine, lLeuecine, Lysine, Ethylenediamine tetraacetic acid
(disodium sslt, dihydrate), SUS (Sodium laurylsulfate),

BSA (Bovine serum albumin), Deoxyribonuecleic acid,
Kibonucleic acid, Trisme base, Fr0 (2,5, diphenyloxazole),
FOICr (1,4 bim.{?w(5~phmnyloxamolylﬂbmnmens, phenyl-
oxazolylphenyl-oxazolylephenyl), Uimethyl FuFGEF (1,4-bis
[2=(4-liethyl-5 phenyloxazolyl)] benzene), Liase (Ueoxyribo-

nuclease), Cacodyliec acid (sodium salt) and Csmium tetroxide



were purchased from Sigme Chemical Company, St. louis,
G, USA, Froteose peptone was obtained from LDIFCO
Laboratories, USA., Glemssa's stain and sodium-p-glycero-
phosphate were purchased from BUH Foole, England.
Toluidine blue was purchased from Allied Gnumiﬁulm,

lNew York, USA, From kE, Merck, ¥. Germany; BDromophenol
blue, Sodium veronal (Barbital), and ICA (Trichloro-
acetic acid) were obtained, Euparal was purchased

from Merck, Germany. Yellow Ammonium sulphide was
purchased from Riedel-de Haena, Germany. Hapthalene and
Propylene oxide vere obtained from Koch-Light Laboratories
Ltd,, England, Glutaraldehyde, DLSA (Dodecenyl succinine
anhydride), DiF 30 (2,4,6 dimethyl aminomethyl phenol),
Araldite 502, Uranyl acatmte. Lead citrate and copper
grids were purchased from Electron Mieroscopy Sclences,

Washington, U3,

All other chemicals used were of highest purity

grade commexrclally available in Indla.



