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SCoPE AND CONTENTS: The present study \II&S initiated with the purpose 

ot detenaining and comparing the ettect ot gamma radiation on the 

capacity ot yeas t cells to grow and sporulate. Ueing a new technique 

by which irradiated and non-irradiated ;reaat cells could be scored 

directly, it waa found that sporulating yeast cells were more sensitive 

to radiation than growing cella, and that the inactivation or the 

capacity- of an irrad.iated. yeast cell to sporulate did not attect its 

ability to grow. Observations on irradiated sporulating cells 

indicated that spore-formation and reduction divieion of the nucleus, 

are closely allied }ilenomena • 

A abort diecuaaion of a probable mecbaniaa of action ot g&.DD& 

radiation on sporul.a ting yeaet is include<i1 together with suggestions 

tor future research. 
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I N T RO DU CT lO 

Historical surve;r 

~Jhereas qualitative radiation studies on various miero

organisas have been reported as early as 1871 by Martinand, no 

such reports were made concemin& yeasts before 1884, when Kny 

studied the ef.f•cts of gas-flame l.i.ght on the reproductive rates 

of SaoOharCJ!,lCes cerevisiae. Lohu.aa (1896) reported that whereas 

el ectric light had little or no effect on yeast reproductiQO, 

diffuse day-light and atrona sun-licht wer e inhibitory. Although 

of historical interest these studies are of no fund&~~ental iaport

ance. 

The year 189S was a turning poin.t in radiation studi•s . 

This was the year wh en Wi lhelm KOnrad von Roentgen discovered 

X-rays . \'Jithin a year after Roentgen' s discovery, Henri Beoquerel 

in France showed that uraniua ore a lso gave ott s i milar penetra t ing 

radiations . Both observations were of an i.tmlediate importance to 

Physics and Chentis try and also to Medicine . The following yean 

saw a grea t upswing in s tudies on t re effects of radia tion on living 

material, em.ploying ultraviolet light, various spectral colours, 

radiua and urania •anatioo.s, and, of course, I-rays . While the 

pri.Jiary interests were of a clinical nature, fundamental studi• 

l 



were not neglected . 

Among the earl. workers who etudiea the effects ot r ad i a 

tion on yeast, mention s hould be made ot Buchta. (1914), who repeat

ed the studies of Kny and Lohmann, and extended them by includi ng 

ultraviolet l ight. He showed tha t yeas t cells wenJ killed by long 

expoauns to ultraviolet light but that short expo8ures only 

inhibited the buddina process. The first recorded study of the 

action o! emanations froa radioactive substances on yeast was by 

Jaequeain and Giurel (1914) ltho showed that t hese stimulated alco

holic fe:rDJtrrtation and JQ&cie the tranaforaation o! sugar more 

CODiplete. A study on the action ot radium emanatior1 on the vita

mins o.f yeast was undertaken by Sugiura 'and Benedict (1919), who 

demonstrated t.:hat growth-prcaoting f actors in yeast ln&.y be partially 

inactivated by meane ot exposure to radiu. emanations . 

An independent series of qualitative studies by the academ

ician Nadson (after whom the yeast gen~~ Nadsonia was named) and 

his eollaboratore in the 1920's described the, effect o.f r ad ium on 

yeast. Tbef observed, betore the diaeo.,.erielll ot mutations due to 

ionizing radiat.iorus, morphologica l variations ot a more or lesl!l perm

anent char a cter in color1i es of irradiated yeas t. They aleo i nd icated 

that X-rays affect cell division of y ~aet more than t ney do the metab

olic processes. Nadson'l!l intentions were of an applied nature in 

baking and brewing industries, where the introduction of new stra ins 

was of prime importance to the quality of these produete. At approx

iaately the same time Wale and Osann (1925) positively demonstrated 



that respiration of yea" t cells, as meas ured by the 02 consumption 

and C02 production su!fered little or no change as the result of 

irradiati on with X-raya, yet the reproductive rate was greatly in

hi bited. These l a tter worken concludtld that the growth-inhibiting 

effect of the rays did not i nvolve the energy exchange of the cell 

and t hus def' initAtly separated for the first timC!t nuclear and cyto

pl asmic effects or r adiation. 

These encouragi n.g :reeu.lts led Holweck and Lacassagne (1930) 

to quantitative stud ies on the survival of irradiated yeast. They 

det.ennined. the dose-etfeet rela t ionship for sue surviva l, and s howed 

that 10,000 roent gens ( r ) of ! -radi a tion delivered to yea!it did 

not cause immed:J.; te ceath ot the cel l s . Such i rradiated cel ls divid
,< 

ed for a time,. but eventually ( i.e. at or follo'lling the next few 

divisions ) d ied. A triple dot;e ( i.e. 30 ,000 r ) caused immedi a te 

death of 50% (l) of the cells in the populat ion so exposed. Thus 

it was shown that inhib'itian of cell division manifested itself as 

either "hune<iiate death" when high radU.tion do•ee wer e applied, or 

as ndelayed deat.ll•i."".when low radia tion doaea were adainistered. 

These workere a lao obaerYecl that budding ce lla were more resistant 

to X-radiation than were resting cella or yeast. The inaet1Tati on 

(1) This is conventionally written as LDso• This is the radiation 
dose required to kill 50'.t at the treated organias. The .reason for 
not using 100~ f or comparat i ve purpoees is that any biological canmun
ity group of organisms of the same species shows variation in sens
itivity. Therefore a more accurate estht..'\ te of t he average sent'ith·.. 
ity or a popula.tion ,as obtai ned by determin :ing the LD;o dose. 
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ourves obtained were o! a sigmoida l nature. 

A. rear l a ter Wyekof'f and Luyet (l~l) irradiated growing 

yeast cells ttith X-raya, ~d noticed that a l a rge traction of' the 

res ulting populatjJ)n consisted of double cells (mother cell and one 

daughter ••ll). Such doubl• cells lived in an apparently health)" 

condition for days .f.'oll owing irradiation, as i ndicated 'by eosin 

staininc which the authors u.aed as criterion of cell death.. These 

workers could not explain the tendency to proch:tce only one daughter 

cell. No nuclear stain was wu1d. Survival CW"Ves were agsifl of a 

sigmoidal nature. 

The sigm.oiQa.l curve~J of botb Holweok and Lacaseagne (1930) 

and Wyekot'f and Lu7et (l9:3l) .were not aecomted for at the time. After 

Winge (19:35) elucidated the coaplete life cycle of Saceharomzt:es 

cereviaiae, showing that haploid and diploid cells occurred, which 

was confinaed by Lindegren ( l ttL{~ ) the sigmoida.l chAr~cter of yeast 

su:rvival curves was CH.>rrelsted to diploidy by F'rilley and Latarjet 

(1944). .It remained, however, tor Latarjet and Ephrussi (1949) to 

show conclusively, that diploid cells of ;re¥t wer~ much more resist

ant to X-rays than were haploid cells, (which gave exponential surviv

al curves).. Thus for the first time senaitivit;r .of microorganisms 

to ionizing radiations was rela.ted l to the ploidy of t he cells. The 

tact that haploid yeast gave exponential survival eurvea and tha t 

diploid. yeast &ave sigmoidal survival curves was used by Magni (1953) 

for tax:onoaie purposes - i.e. by deteminin.g the X-ray survival curves 

ot unknown yeaeta, he wae aule to know whether to place them in hapi!..oid 



or diploid genera. This is also of importance for the application 

of traditional genetic analysis, because one must know whether the 

organisms studied are haploid, diploid, or even polyploid. 

The 1940's showed no i ncrease with regard to yeast radiation 

studies as can be ascertained by t he relative number ot reports on 

t hi s subject. It was indicated that t he sensitivity of yeaft cells 

to X-irrad.iation was affected by varying t he oxygen tensic.m during 

the irradiation period (An · ers on and Turkewi tE, 1941) ; respiration 

studies were taken up again (von Euler, 1942) J eompariscn ot bio

logical efi'ec ts oi.' X-rays , alpha-particles, ga.mrna .... rays and neutrons 

were carried out (Gray et al, 1943; Gray, 1949), and effects of 

ionizing radiations on enzyme activities of yeast cells were report

ed (Shetrman and Chase, 1949). 

By 1950 it was established that t.h~,. prima.ry action of ioniz

ing radiationa on cells was genetic in n.ature. The work in the sub

sequent decade tended t o •phasize the study of variation of radiat

ion sensitivity under different physico-chemical conditione, and 

bio-chemical changes associated with the action of ioniz.ing radiat

ions on cells • 

Thus Ting et al (1952) compared the effect of 0.2 Mev X-rays 

and 23 • .5 Mev X•rva on four different yeast strains. Although t he 

kinetics ot inacti va t ion tor the d i fferent str ins varied , they were 

.s imilar .tor each particula r strain. In the s a.:me year Birge and 

Tobias (1952) showed that t he growth of yetlst cells under aerobie 

and anaerobic cond1.tions after irradiation made no significant 

http:prima.ry
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difference to the ou.tcoae of the survival curve • but found tha.t there 

was a definite dose-reduction factor of approxiaate1y 2 for cells 

iJT&diated in the complete abeence of oxy1en as compared with eelu 

irradiated 1n air . Extensive atu.diee by Wood (1953, 1954) on the 

i nfluence of teaperature on the survival or 1 -irradia. ted yeast ehowd 

that whereas in the temperature r ange of 10 - 40° C the yeast sensit

iv.ity changed irtsignificantly, an approxiaately twofold inc.rease wae 

noted when t he suspension medium changed from the f rozen to the liquid 

state. In the tsnperature range of 4.5 - 5.5° C, the X-ray sftnsitivity 

of ye.\lst increased r npidly, i ndicating synergiaa between heat and 

X-ray inactivation. Investigation of the X-ray sensitivity ot yeast 

as a function ot hydrostatic pressure was ably conducted by Burns (1954), 

who observed no changes in the radiosensitivity of yeast cells for press

ures of up to 10,000 p.s.i. during irradiation . These results were 

considered as evidence against the association or lArge molecular volume 

with the product.ion of the pri.Jaa.ry lesion. 

Elkind and Beaa (1954) d•onstrated that in 7e&s t the relative 

effectiveness of 1-raya and alpha-particles varied with changes in the 

phyeiologieal state and stage of cell divisi on, thus emphasizing the 

nece.ssit7 o! biological as well aa phJSico-cheaical interpretations ot 

the relative effectinness of various radiatioM. 

Reports on the se.naitivity of metabolic systeu .in vivo COllp. 

rise a range of extremes. 'll!'hereas Baron et al (19.53) showed that 

respira.tion was unimpaired even a.fter a dose of ~80,000 r , one year 

later ~ . S. G. Barron (19.54) also demonstrated that doses as small as 

http:pri.Jaa.ry
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500 r can irreversibly i nactivate S()m.e fermentative enzymes. 

Such a great deal of variat ion in the response of metabolic 

mechanisms could only be attri uted to differences 1n experimental 

condi.tions during the irrad iation period ant'or post-irradia tion 

treatm~Jnts. 13<:&ir and Stannard (1955) and later Barber et &1 (19.57) 

abowed that mu.cb of tbia variation depended on the time allowed to 

elapee between the irradiation and the tes ting periods. 

Burna (1956) took up aga.ir\ t ' 'e problea ot inhibition o! cell 

division in yeast.. Jie showed that for i nterdivisional cells (non• 

budditlB;) closes of up t o 10,000 r caueed little delay in the a.ppearance 

of buds (2nd generation). On the other hand, a sixfold increase in 

delay was obse rYed in the ti.lle ot a pp&aranee of the 3rd generat ion • 

This delay t ime i ncreased with an i ncrease i n dose. The 4th enerat

ion division t .im.e is little at'tected. A Russian worlcer (Meissel, 1956) 

observed similar delayed separat ioo ot buds, incanplete fission and 

nuelear diyision. He attri'buted this to tr1e enla rgement t>f irradi ated 

nuclei during division am their inability to divide. Another Russian 

study (Korsgvdin , 1957) detemined the survival et yeast lay aacro

colony counta. B7 maldng these counts after ditterent tim.e intervals 

he vas able to show that radiation atter-e.ction consi11ted in a reduction 

o1' the av:erage speed ot crowth. He proposed a •th.-tical equation 

whioh he eonaidered to aooount for his obaorYaUou. At the saae tiae, 

Welch (1957) etud1ed the etteete ot chronic exposure to I-raJB on a 

eteadJ•Btate popUlation ot Saoobaro!,J!.. eereviaiae. He showed tn.t 

continu.ouel;r-arovn cultures of ,-.aet ha4 the power to adapt to low 
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levels or radiation. Mie coneluiona ver. based on ree'Ul.te which 

be o'btained w itb Je&at which co'lll.d live 1n a etead7 state or pro

liferatioa 1111bile 'Mia& cont.inuoual.y exposeci to X-radiation or 6150 r 

per aeneration (apProxiat.eq 2,000 r/hr) • This was a dose 

per een4Vration equl to a'Do\lt 1/4 of doeea tor aeute ex•w50 
poeure. 

two htportant reports Df Bruce and Stannard {19S8, 1959) 

haTe pLrtially olaritied the role pla7ed by cellular potaesita after 

X-irradiation ot J"8&st cells. These stud iee shoved, that the per• 

•ability ot yeast cell MJ~br&nes •• increased by relative]Jr small 

doses ot X-radiation. The losaea ot cellular potaas1um were greatl7 

P 1n1tied when potassiua-ion-tree butters were uaec:t. Bruce (1958) 

also studied t.hie phenomenon under aerobic and anaerobic conditions. 

Me reported that surTival after I-radiation under aerobic conditions 

was .reduced five tiua u auch aa was the potasaiua retentivity of 

the eelle. On the other band, sunival of Je&st cella irradiated 

with X-r&JI UDder anaerobic oonditiona was about twioe as lrl.&h as 

under aero'bia conditione. The response of potaasiUII retentivit7 

to X·irradiation at 2')° C under araa erobic conditione was sllaht 

below 160,000 r , at which doee ~ retentivit7 aarupt,l.7 decreased 

to that o8eerved \lnder aerobic conditions. Lowerinc the t.eaperature 

to 0° c IIOVed the ;point of deel.ine to aaout 300,000 r • Bruce 

concluded that such differential etfccte were indicative of inter

action ot radiation with the )"e&St cell at eitee that independentl.T 

controlled aunin.l and the retenticm of potaaaila. 

http:apProxiat.eq
http:ree'Ul.te
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Rothstein (1959) hae emphasized tha t the role of the cell 

mesbrane, particularly its permeability properties, is important 

in determining the eell'a response to radiation. Hie cell meabrane 

studies showed tha t tl'~e distribution ot sensitive sites and et pro

tective substr..:nces was unhomogeneous, so that t he radia tion sensit

ivity ot ditterent parts of the cell varied. Al~ander (1961) 

SU&&ested that although reactions due to damage to proteins and nucleic 

ac.ids occurred in irradiated cells, they were not the primary reactions 

leadin& to the death of the cell. He sugpated that }Sloapholipids of 

the intraoellular membranes were the aore probable sites of prilaary 

damage. 

Thus the Clll'rent trend of radiouioloaical research concen

trates on the permeability problems and properties or cell aembranes. 

Purpose and objeotivee of this etUdy 

The physical nature ot radiation and the methods whereby 

radiant energy is absor* by aoleoules are now basically understood. 

In contrast to this physico-chemical knowledge ot the action ot ioniz

i ng radiations at the znoleculazo. level, stands the i ncanplete a nd 

vagu• picture of how ionizing radiations affe.ct liTing cells. The 

biologist, studying the etf'ects of radiation on. living organisms, must 

cope with the complex problem of' r adiation action on . biological Qla.ter

ial.. le can observe the end product.e ot this action, manitested as 

cytoplasmic chances, inhibition of cell division or of nuc1~ar division, 

autation, or abnormal growth, and thereby obtain information bearing 
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on the problem. The study of the action of radiation on various 

potentialities of the cell should aleo contribute. 

Saoch&rf!!l!es cereviaiae otters advantages for research on 

the effect of radiation on l i ving cell. One of its ~test :iapOrtant 

attributes ia the possession o! unioellular haploid, diploid, and 

saaetimes polyploid cells. By working with unicellular rather than 

with multicellular organisms one avoids numerous complications that 

can a rise owing to interactions of tissues. Thue, in aulticelh1lar 

organisma, the changes that t•llow tile priaary event of energy trans

fer tt.nd result in symptCIU o.f radiation damage, are lilcely to be much more 

i nvolved tban would be the case with one-celled forms. Among the uni- . 

cellular organisms, protozoa have the disadvantages that their motility 

makes obsenations awkward, and their growth is difficult to control, 

owing to their ccapl.e.x: nliltrient requirements. The minute sise of 

bacteria aakes these oraaniau di.fficult uterial for cytologiot.l 

observations. In contrast, the yeas t cell is larger than bactA:ria 

and has s.iJaple nutrient reqtdremente. Furthermore, it has a life cycle, 

involvin& alternation ot diploid and haploid pbaaes. A diploid yeast 

cell baa the t-wo potentialities of either :repFOducin& vegetively by bud

din&, o·r sexu.all.,v b7 fporulation. Durin& tbe fozwr the nueleu divides 

by aitosia and during the latter b7 meioeie. (l) Both phases can be 

(1) The present state of knowledge of ,__.,t cytology does not warrant 
here the use of the terms "mitosis" and ttmeioais'*, respectivel)l, since 
these expressions imply the pretence of chranosome.e. No absolute demon
stration of theee in yeas t has been offered as yet. When ~. the terms 
"mitosis" and "meiosie 14 are used in the follow.ing pagee of thie study, 
t he author wishes to point out that this is done only to avoid the 
cumbersome exp:resl!Jiona "equational division" and "reductional division". 
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obtained at will 1n the l abor;;.tory by changing t he enYirorunent. Where

as most bacteria do not exhibit a well-defined nucleus upon staining , 

the yeast cell nucleus, whether haploid or diploi d, cau be made viei ble 

relatively easily. 

The combination of all these factors, and especially t he avail

ability of haploid and diploid phases or the same or ganism, 11aake Saecha

roazces cerevisiae vecy useful for t b.e study of t he acti.on or ionizing 

radiations on l iving cells. 

MaD7 ot the contributions on the action ot radiation on yeast 

have centrwd on the relative aoneitivity of haploid and d i ploid cells. 

The in.activation curve for haploid cells 1s exponential wi tltlin a certain 

dose r ange, whUe diploid cella show a sigmoida l inacti vatlon curve. 

However, no one bas C(lllpared the effect of radiation on the capacity ot 

the yeas t cell to gr ow and sporulate. This is the principal objective 

ot the prese nt inves tigation. An incid·en~-;.1 part of t his study consists 

of an i nvestigation of the effects o.f i onising rsdi~t io.n on auclear ~ivis

ion. In other words 1 what rel~tion does failure of nuclear division bear 

to failure to grow and sporulate, o r ha t i s the likelihood of an irradi

a ted cell dividing without a corresponding nuclear division and vice versa. 

In the present study the U,rn1e SPORUl.J\'U ON and GRO\•:TH will always 

refer to the p:roceeees of spore an bud i'ormat :l.on , r · ther than the end

products of theue processes, unless it is specifically indica ted other

wise. 

The probleu of t he eff ects of .i(mizing radiatioos on livir11 

cells is not a eeeluded study. The posflibilitiea f or pr a cti-.al applicatio• 

http:practi-.al
http:i'ormat:l.on
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of the fund&JHntal knowledge of the eff ects of radiation on living 

cells are of direct concern to everyone. There is little doubt that 

once the basic processes of radi<iition damage to cells a re understood, 

progress in radia tion therapy and in protection against the damaging 

actio . of ioniz-in g radiations w!ll accelerate. The study or simple 

forms of life in this connection may aid in t he underst anding ot simi

lar processes in M gher forms of lUe. 



MATE RI AT:.. S M ETHO DS 

Yeast isolate 

The yea5t culture employed during the course of thia study 

was an ieolate .from packaged yeast (Fleisctmum) • designated as F493 

and used in previo~ studies on sporulation and growth in the Depart

ment ot Biology, McMaster University. It is a strain of SaecharO!lC•• 

cereviaiae Hansen. 

Yeast stock culture medium 

This mediwn was ueed to maintain t he yeaet stock cultures, 

which wre tranaferred once a week to fresh slants. The yeast stock 

eultl:l:res were kept in a refrigerator between transfers. 

Caapositions 150 al distilled water 
3 p Difeo A&ar 
1.5 p glucose 
1.0 p Difco Yeast Nitrogen Base (YNB), which is a 

chentically-defined t~edium, conta.ining all the essential nutrilites 

and vitamir s for th~ cultivation of yeast, except. a source ot carbo.. 

hydrate. The media was dispensed in 5 al quantitiea to 16 ma test 

tubes, autoclave<! at. 15 psi pressure tor lS minutes, and then 1lanted. 

But.fer 

In all cases, unless otherwise a:pecitied, M/20, Jil 5 potasaiua 

1) 
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h)'drogen phthalate (KHP) buffer was used. The pi of the buffer 

was always checked during preparation with a Beckman Zeromatic 

Ji! meter and standardized against commercially supplied }:i1 7 

butter (Beckman). Freshly prepared butter was ueed tor each 

experiment. 

Presporul.ation Jll!ldi'!JI 

The presporulation medium was a Chemically defined 

medium, containing optimal concentrations of glucose and Yeast 

Nitrogen Base in KHP buffer.• 

Coapositions 36 Ill .M/20, Pi 5 JCHP butter, 

. 4 Ill of buffer1 containing 1~ glucose and 1 • .3.3~ YMB. 

Sterilization was done by paaeing the solution through a Seitz 

filter. The iledium was dispensed in 40 ml volumes in 25 ltll test 

tubes 1 which had previously been plugged with cotton wool and 

sterilized in the oven. The cotton plugs were replaced with 

pieces ot ultraviolet-sterilized Paratilm and the test tubes were 

stored in cupboard until needed. w1len preparing a presporulation 

culture, the medium in .a 25 mm teat tube was inoculated with yeast · 

cells and then poured into a sterile Kolle flask, which was incub

ated on its tlat side to insure maximum aeration. The presporul

ation cultures were grown for two days at 2fl C 1 and the cells 

thus obtained were used tor growt:th expet•iments ae well as for 

sporulation experiaents. 
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Milliegre Filt,r meabranea 

Ten-em .aquare sheets of Millipore Filter (MF) ftJUlbrane 

ot type TV, 20 'jU thick, and with a pore sbe of 50 m;u, were 

cut into pieces S ,_ X 10 mm., removing one corner of each as 

a marker. The pieces were sterilized by autoclaving in distilled 

water 1n batches ot SO per flask, and the tl.aake YsJ'e stored in the 

refrigerator until needed. 

The individual :MIIlbranes were placed on three What.man filter 

paper8 ( two No• .3, 9 em circles, with one 7 am circle on top) in 

a petri dish and moistened with 5.5 al ot KHP butter. The yeast 

cells were seeded on the B1811lbranes 'W:'Jing a 2 an platinum loop tor 

sporulation cultures and a .3 .. loop tor growth cultuna. 'l'he 

suspension liquid waa dra~ through the pores of the membrane by 

capillary forces, leaving tM yeast cells on the membrane aurtace. 

The mabranea weh then tranaferred to either another petri dish 

64th tbe aue number ot tilt.er papen) for atainin&, or to pop. 

cel.ain blocks pan,:cy iJII:leraed in cult.ur. •dia, tor srovth or 

sporulation. 

Porcelain blocks 

Blocks 10 am wide, 7-10 111 thick and 40 1lll long, cut from 

an unglazed porcelain drying plate, were uaed as support tor the 

Millipore Filter membre.nea in the growth and in some ot the eporul

a tion culturee. When the lower part ot the blocks was immersed in 

the respective medium, the liquid penetrated through the porcelain 
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to the upper surface by capillary action. The seeded m&mbranea 

were placed on this upper surface ot the block, thus expos ing the 

oells to the mediUII. .Each block accomodated s ix to eig.""lt MF 

Since it was important that the blocks oe free from. impurity, 

the following procedure was adhered to: the blocks were wast-.ed for 

24 hours in alowly-MWnin& tap water, after which tbey were lll l owed 

to stand in diatilled water tor another 24 hours. The distilled water 

was changed six times during this period. The blocks were then dried 

and heated to redness for a.ix hours in a crucible. When cool, they 

were transferred to sterile petri dishes and kept in the refrigerator 

until needed. A aet of freshly purified porcelain blocks was used 

in each se.para.te experiment. 

Growth culturee 

Growth experiments were done using 175-ml ~~armaeeutieal 

bottles lying on their flat sides. Each bottle contained seeded 

membranes, resting on poreela in blooks in 4 ml growth medium of 

the following composition. 

30 Ill M/20 1 Pi S KHP butter, 

0.052 ga sodiwa acetate (anhydrous), 

0.4 al 1~ (NH )z'04 4 
1.3 Ill JilC'f V solution. 

The NCFV solution wae pnpared by llixing two solutions, one contain

ing the neceaeary ld.nerab and trace elem.nte, designated MCF (Nitrogen 

http:se.para.te
http:wast-.ed


17 

and Carbon Free) ; and the second containing the necessary vita• 

mina ( V ) • Eaaential.lT, the NCFV medi'WI was the same as the 

Yeast tUtrog•n Base, except !or the omission of 1-Histidine HOl, 

dl-l-1~athionine, dhti'ryptophane, Folic acid, p.hdnobenzoic acid; 

and Riboflavin, and the nitrogen source. 

The NOF solution vas prepared by dissolving the following 

salta and ccapounds ettpplyirig trace elements in 1000 m1 or dis tilled 

wa ter. 

Mineral salts; KH:f04 2$.00 gm 

MgS04 12.50 gm 

Na.Cl 2.so gm 

C&Cl2 2.;o gm 

Compounds supplying tr.ace elements: 

CuSo4 • 5H20 0.0010 lfJf1 

H3oo3 o.Ol2S ga 

Kl 0.0025 gil 

FeCll • 6H.p· o.oo_sp p 

MDS04 • lHaO o.oloo gm 

la2M004• 31,20 o.ooso p. 

ZnSQ4 • iti il 0.0100 p 

The solution wa.s sterilized by passage through a Seitz filter, 

and dispensed in 100 ml quantities to sterilized 17S-ml pharma• 

ceutical bottles. 

A 40 m1 volume of distilled water and the following com

ponents made up the vitamin solutions 

http:Eaaential.lT
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Biotin O.OC<>2 gm 


Ce.leium pantothena te 0.040 gm 


Inositol 0 . 2000 gm 

Niacin 0.0400 gm 

P.yridox.ine HCl 0.0400 gm 

Thia.raine HCl 0.0400 @!1 

This nolut i on was also f i lter sterilized and t han dispensed in 

om lll1 t\liquota to the 100 ml quantities ot the NCF :mediu.>n. The 

r3sult.ing sol ution tms labelled tiCFV medium. 

SporulaUon cult\U"08 

The sporulation media consisted o! autoelaved M/20, Pi S 

KHP buffe r to which ae0tat.e was added. 1'hu aediwa was dispensed 

in two ml quantitid into 175 al pbarmaceutical bottles, to which 

the yeas t suapeneions were added to !iV8 a total voluae of four ml 

per bottle. The tinal acetate concentra tion was 0.02 M, the same 

as in the growth :nedium. 

Nuclear a tain 

Membranea bearing either yeast cells and microeoloniee 

(resulting from growth on the m.entbranes on porce lain blocks standing 

in growth medium) or cells from sporula tion cultures were trane

terred. to a petri dish containing three filter papers moistened 

with eight ml of o.; ~ sodil.lll alide soltuion in distilled water, 

and left on it for 24 hours. This fixation procedure was followed 
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by hydrolysis to r•ove most of the RNA from the cella. For this 

purpose the membranes were transferred to a petri dish with filter 

papers, aoietened with eight Jll. of 10 %perchloric acid and placed 

in a refrigera.tor compartment where the teaerature was 1-4 ° C for 

a period of 96 hours. The ._branes were then trams!erred to a 

plate with ruter papers wetted with eight. al ot double-strength 

Gurr•a pH 6.8 butter, and lett there for 30 ainutes tor neutral

isation of the acid. This step was followed by staining tor 24 hours 

on a plate with seven ml of double-strength Pi 6.8 butter mixed 

with 1.5 ml or Gurr• a R 66 {Giemsa) stain. The membranes were then 

transferred to a petri dish containing filter papers, moistened with 

eight ml of the same butter. This treatment lasted tor 30 minutes 

and serYed to remove excess stain fran the peres of the membranes. 

The membranes were next pinned b7 insect pins to a wax plate and 

air-dried for 15 minutes. When dey, the membranes were put em a thin 

layer ot Qurr• s Neutral Mounting Medium on a slide, and the medium 

was allowed to dey in an incubator (at 2..,0 c\ ) .in a plastic, 

duat-proof box tor 2 days. The membranes were then covered with a 

No. 1 coverslip on which a thin layer of mounting •dium was evenly 

spread out. The coverslip was gently, but quickly, pressed down 

and the 110unt •s lett to dry for at leatst 48 hours before m.icro

scopic obaerYation. The .st.ai.Md nuclei appeared blue, while the 

cytoplasm had a pinldsh tinge. Thia nuclear staining technique is 

described in aore detaU elsewhere (Miller, 1961). The modification 

used by the writer differs in that cells were treated for 24 hours 



with azide instead o! two, and the mounting mediua waa placed on 

the coverslipe when the latter were added, instead of on the 

membranes. Also only a very gentle pressure was applied. 

Spore stain 

Membrane Filt er rectangles bearing the yeast cells or 

microcolonies were transferred. to a petri diah with three filter 

papers, moistened with eight ml ot Ziehl•• carbol-fuchsin stain, 

prepared accord.ing to the emended formula given by Conn (1957). 

The following two solutions were mixed. 

Solution A: Basic fuchsin ( 90 • dJie content) 0.3 gm 

:Sthyl alcohol (9S •> 10.0 ml 

Solution Bs Phenol s.o gal 

Die tilled water 95.0 Ill 

After 30 minutes of treatment with this stain, the membranes were 

tranafii!Ted to a plate with filter papers wetted with eight al or 

0.1 ·~ ruthenha red in distilled water, and lett on thie plate !or 

another .30 llinutee. The aembranee wre then taken off and arranged 

on a glass elida on a thin layer or Gur~ Water MoWlting Med1Wl. 

The slide was put in a plaetic, dust-pboot box and lett in the 

incubator at 2,0 C for two days to d17. When dry, a coverslip of 

suitable sise with a thin layer of. the same mounting mediUil was 

placed with a gentle, soueezing motion on top of the membranes. 

The complete elide was then stored until required for microscopic 

examination. The vegetative eell.s appeared pinkish, whereas the 



spores retained the carbol...tuchsin stain and vere dark brovn to 

dark purple. This staining method, abbreviated to CFRR (earbol

tuohsin-rutheniua red) has been described in detail eleewaere 

(MUler and Kingsley, 1961) • 

Dosimetry 

A reliable aethod of meaaurina the BllO'Wlt or radiation to 

which cells are exposed ia eaaential tor &fl1 • tudy of their response 

to radiation. At !irat a glast doaiaoter was tried {Bausch &: Lalllb, 

F-0621). Each doasimter ooneiete ot a small (lS - by 6 •) piece 

or cobalt~otivated borosilicate elass, the optical density ot which 

changes at a cert.a"in wave-length in proportion to the amount ot 
' 

gamma rad.iation 1 t reeeivee. However, the reproduc1bility of radia

tion dose values vae tound to be moditied by such factors as time 

ot storage after irrad.iation (fading was noticed atter two hours), 

temperature ot storage, and presence ot light during storage. The 

reeOJJID8dnation a.a to reading time was one hour a!ter exposure to 

gazmraa radiation (Blair, personal communication) vhich was not possible. 

Furthermore, thie dosimeter was tound to be inaccurate at the low 

ranges (i.e. below 10 Kr) • For these reasons the cobalt glase 

dosimeter was abandoned. 

The lo'ricke doaimeter, on the other hand, was found to be 

better suited tor the present req\iirement.a. Thia is a chemical 

type of doaiM-t.r, in which the uount of chemical reaction ia pro

portional to the dose over a wide range; it 1a eimple and convenient 
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to use; it is easily prepared from shelf-reagents; it is in

sensitive to light or small tempEtrnture changes, and it is well 

suited !or doses in the range of 4-50 Kr. For these reasons it 

wu adopWd for uae throughout this study. 

The Fricke dosimeter solution was prepared according to 

Weiss ot al.. {1956) and contained 2.0 gm FeS04 • ?H:P , 0.3 gm 

NaCl, and llO ml oi' concentrated (95-9~) H?>04 (analytical reagent 

grade) in sufficient, distilled water to malce 5,000 m1 ot solution. 

'l'his solution wa.e dispensed in 4.!) ml ·volumes in 16 m PyrGX test 

tubes, which were sealed. oft with fi. high temper!!. ture oxygen flame,. 

The doeimeter ampoules thus prepared were stored in a light-proof 

box in a cupboard WltU needed. For individual experiJDBnts the 

ampoules Mre fiJ'Illy set into a plasticine layer of the Nalgene 

bottle cont&il'lin3 the sample a to be irrad iated. 

After irradiation the optical denait1 (D) of the irradi

ated saaple' was comps,red ld.th that of unirradiatctd control solution 

in a Perkin-Elmer recording spectrophotometer, model Spectre-cord. 

For this examination the samples were placed in matched silica ab

sorption calls (Beckman, 10 mm light. path) and the absorption read 

at )OS m;u. • This 1e the wave-length at which maximum absorption 

occurs. 

The mechanism or the chemical reaction due to irradiation ot 

the Fricke dosimeter eolution involves the oxidation ot the ferrous 

ion in an acidic solution, to the ferric ion. 

The &moWlt of radiation (R) is calculated from the 



following formula given by Weiss et al. (1956) • 

R(r/hr) • Eq. (1) 

where e : the molar extinction coefficient taken ae 2174 at 23.-f c, 

and Y : the f'erric yield in units of microaolee per litre per 1000 r, 

and given as 16.4 t 0.8 fuM per 1000 r • The yield may be taken as 

independent o! wave-length tor gamma ray apPlications. 

Since irradiation time was 20 minutes (0.33 hr) Eq. (1) 

D(eample) ... 0 (blank)R (r/hr) : (2.8 • lo4 ) • Eq. (2)0.33 

When total dose is required, the time !actors on both sides of the 

equation are elimina.ted. 

Experimental procedure 

All cultural work wae done under sterile conditiona. A flow 

diagraa of the experimental procedure is show in FIG. la. and '1 b • 

Yeast cella were transferred from slant of stock culture into 

a preaporulation medium and incubated at 27° C for a period of 48 hours. 

The cell popllation was then separated !'rom the presporulation medium 

by centrifugation, and washed three times by centrifugation w1th M/:10, 

pH 5 KHP butter. After waeh1ng, the yeast cell suspension, ueus.ll.y 
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FLOW DIAGRAM OF EXPERIMENTAL PROCEDURE 


SlOCK cu..T\.R 

INOCULATION OF KOLLE FLASK 

/ ; • CONTANING LIQUD PRESPORULATION 
~~~-~~~~~-1"...J~~~ ~UM. CELLS GRONN FOR 48 ~AT "Zf'c. 

SUCCESSIVE CENTRIFUGATION AND 
WASHINGS IN KHP BUFFER. 

l
WARING BLENDOR TREATMENT FOR 

I V2 MIN. IN FRESH K H P BUFFER, 

FOLLOWED BY ADJUSTMENT OF POPU..· 

ATION DENSITY TO 8 MILLION PER ML. 


A . 
~acl~ciJ 

SIX CAPPED VIALS WITH 2 ML ALI


QUOTS OF 8 MIWON PER ML 

SUSPENSION OF YEAST. 


IRRADIATIONNO IRRADIATION I 
(CONTROL GROUP) • 

~ I 


FIGURE l a • FL()I DIAGRAM OF El'PERIM!.!:NTAL P:SOCEDURI • This diagram 
summarisee the procedure up to and including the irradiation. See 
text for step by step deacripti.on or the experimental procedure. 

http:deacripti.on


NO IRRADIATION & IRRADIATION * 
l 
~ 

PART OF EACH 8 MILLION PER ML SUSPENSION 
DILUTED TO GIVE 0.5 MILLION PER ML AND DISPEN· 

SED INTO- 3 TEST TUBES 

THIS DILUTED \S(jSPENSION IS, USED TO SEED3~ESJ'1o~~TEST TUBE. 

ZERO-TIME 


CONTROL 

~ 

FIXATION** 

~ .. 
HYDROLYSIS 

~ 

STAINitG 

MOUNTING 

FIGI.IRE 1 b • FIJJI{ DIAGRAM OF "" 
the procedure f ollowed ar t .... 
aa the non-irradiated coatro~ 

GROWTH GROWTH 101 ~;•d 
SPORULATION 

MEMBRANES TRANSFERRED TO 
PORCELAIN BLOCK S IN PHAR

r-=,..-,::,:..;.M~A=-CEUTICAL BOTILES . • 

/DOCI fOOO/ 

taaq
c::::::

~ 
FIXATION'"" 

~ HYDROLYSIS ** 
~ 

STAINING 

~ 
MOUNTING 

SPORULATION 
~ ~~;.........--....,~ 


REST OF SUSPENSION TRANSFERRED TO THREE 
PHARMACEUTICAL BOTTLES FOR SPORULATION . 
FINAL CONC 4 MILLION PER ML INCUBATION FOR 48 rlRS 

r "-' >"' • 
~ ~ ~ 

ONE MF MEMBRANE SEEDED FROM EACH BOTTLE . 

(] (] 0 

l 

~ ... 

FIXATION 

HYDR1YSIS*"' 

~ 
STAINING 

~ 
MOUNTING 

* Since there Is no ditfcrCJ~Ca in...........,. • 
<ells arter t11e NO IRRADIATION ar RADIATION 

hrou.gh th"' '"e:u:a . The irract· c~a.m ~l.l.Ustratu 
e &hove steps . ~ated eells as well 

diagraM shcMs only tile procedures tar- ..... It MIOit lie kept in oo inct , 

hawcvcr, that bath Hts arc -jed ta tile - procedure .....,.us. 

**This step is nc<cssary in nooc'- sfOinint ollly. 

or controls ancl irractiatcct 
-.... rcspc<tlwcty , th,. 

1\) 
\J't 



50 Jnl in volume, \18.8 placed in a Waring Slendor and agitated for 

one-and-one-half' minut.ee to saparato the daughter C&lls and large 

buds from the plrent cells. The result ~! this tnatm!t·nt gave 

97 ± 3 %of 11ingle cella. The yea.st cell population density was 

then determined using a hemacytometer cowtting ehmaber, and the 

density adjuated eo ae to give a population ot eight million per ml. 

1.'•io m1 ot this S\lSprtnlllion wa.s then dispensed in each cf six vials, 

three ot which were used for 1rradi&tion, w111le the other three 

vials served as controls. For irrndintion the t.hree vial s were 

i'irmly sot into a 250 ml Nal.gene ( pl.a•tic) centrifuge bottle which 

had boen weighted with a lay·er of lead shot covered with plasticine. 

An ampoule containing 4.5 ml ot Fricke dosimeter tlolution was included. 

in the Nalgene bottle, which was lowerad into the Mucle11r Reactor 

pool tor irradiation. 'l'he duration or the exposure to radi.a tion was 

always 20 minutes. The radiat1on dosage could be varied b7 placing 

the container a t diff erent dit:Jtancao from the reactor core f ace. 

Ai'tar irr'J.dia tion, 0,1 ml of th~ contents ·Qf each of the three 

vials was added to s ame numbar of test tubes, eaeh conta ining 1.5 m1 

ot M/20, pH 5 lGIP butter. Thi:s reducsd the density of tho yeas t 

population to 0.5 million per ml. Millipore F' ilter memoranea for 

zero-time controls as well as Rtembranes. for growth were stteufiJd each with 

a .3 ma platinum loop ·of this nuspension. All cseeded zero-time control 

membranee were then imaedi.s tely trnns .ferred to filter pipers in petri 

dishes moietened with 0 • .5 ~ aooiura a~ide and left. there for a. period 

of 24 hours. All growth membranes (designated av G) were tran,ferred 

http:minut.ee
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to porcelain blocks in pharmaceutical bottles, each containing 4 m1 

liquid growth .medium. An incubation period of 48 hours at 27° C 

followed, after which one half or the number of the G membranes were 

fixed immediately with azide, while the other half was put on moist 

filter papers (wetted with buffer) in petri dishes for 30 minutes to 

remove growth medium from the pores of the membranes, and then 

transferred to fresh, sterile porcelain blocks in pharmaceutical 

bottles containing 4 ml ot sporulation medium. This was termed the 

G - S part of the experiment and its purpose was to determine whether 

the cells in the microcolonies that had developed on the membranes 

during the growth period were capable of sporulation. The incubation 

period on the sporulation madium was 72 hours at 27" C, after which 

period the ~tellbranee wen stained and 1110unted using the CFRR pro.. 

cedure. 

The sp:>rulation culture was prepared as follows: the rest 

of the contents of each glass vial ( 1.9 ml in all ) was transferred 

to a 175~ pharmaceutical bottle, containing 2 ml KHP buffer with 

sodium acetate giving a concentration of 0 .• 02 M .. This p1rt of the 

experiment was tenned the S part. The final population density wae 

four million per ml. The pharmaceutical bottles were placed on their 

flat sides and incubated for 48 hours at 2..,0 C • Then a 2 mm platinum 

loop of yeast cells trom each bottle was seeded onto a Millipore Filter 

membrane, and the latter was then put through both the nuclear stain

ing and spore staining procedures. 

The slides prepared from a typical radiation experiment are 

shown by a d'\.agraa in FIG. 2 • One slide accom.odated the zero-time 
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NUMBER AND ARRANGEMENT OF SEEDED 
MEMBRANES ON SLIDES FROM EACH 

EXPERIMENT 

CONTROL TREATMENT 
mflmbranfls membranes 

ZERO TIME: CJc=J c=J CJCJ CJ 
GROWTH: c=Jc=Jc::J CJc=Jc=J 

SPORULATION: c=Jc=Jc::J CJc=JCJ 

Transftlrrfld from 
GROWTH 


to 
 c=J c=J c=J c:=J c=J c=J 
SPORULATION 

medium 

NOTE: Each slide done in duplicate- one replicate stainfld 
for spores, the other stained for nuclei. 

F' IGURE 2 • NUMBER AND ARRANGEMENT OF SEEDED KEMBRANES ON SLIDES. 
This diagram shows the .1-Iillipore ~· liter membranes w!th one corner 
cut ott as marker, and mounted on slides f or microscopic examination. 



controls 1 the G Mmbranes 1 and the S membranes for both control 

and irradiated parte of the experiaent. 'l'he second elide had tM 

G - S pa.rt of the e:x:ped.111111nt with tbe respective controls. Since 

nuclear as ..u as ~pore stains were prepared, each experiment 

had to have four slidee s two with nuclear atain, two with spore 

eta.in. Thus tor each experiment 4S membranes were seeded with 

cells 1 which were then .etained and mounted. 

In the sporulation part of each experiment, 200 cells were 

examined on each of the six membranes (three controls and three 

treatments) which had been put through the spore stain, and the 

per cent of sporulation was thus determined tor control and irradiated 

cella. Simllarly in the ,growth part of each experiment 100 cells or 

microcolonies arising from cells were examined on each of the three 

control and three treatment membranes. 



RES ULTS 

A series of expe r i ments were done i.n which yeas t cells in 

suspension in l ass via ls were exposed to intense gamma r adi a tion 

in the McMaster Research Nuclear Iteactor. Following irradia tion , 

the ability of the cells to grow snd sporulate was i.nvestigated and 

com.pa.red . 

Sff ect of aaama radiation on ability of yeast cells to grow 

In TABLE I are summarized the results of' 16 experiments , 

in which the ability of irradiated yeas t cella to grow was atu.d ied" 

A total count of individual cells was impractical i n coloniee 

containing more than 10 - 15 cella, and a means of evaluating the 

colony size had to be devised. r,or this purpose a ruled Whipple 

Micl'OOleter Disc ( No. 802 ) was placed into the 10 X eye piece of 

a Wild microscope ( model M-20 ) and the colonies w.re always viewed 

·unster the same ma€')lification, employing the 10 I ocular and a 40 I 

objeCtive lenses. It was found that a small colony juat fitting into 

a single l a rge square ot the Whipple disc consisted on the average 

ot 15 ±5 cella. ~o such squares ~ ~mtained then about 30 celle, 

three square. areas had about 45 cells, etc. The term. AREA or~ ONE 

refers to a microoolony of yeast occupying a single large square of 
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TABLE I 
Sumwtl OF OBSERVATIONS ON TilE EFFECT OF RADIATI ON ON ABILITY OF YEAST CELLS TO GRCM 

(Percentages sho'Wil are aTerages ot 6 membrane counts) 

Badiaticn Expt. 
dose {Kr)' No. 

o Control 
5 . 1g . 
0 Con ...rol 

1 
0 
o 
0 

C E L 
2 
o 

1.0 
0 

.L C 0 U H T 
3 4 5-10 
0 o 0 

4.3 ;.o 5·l 
0 0 0 

1 
I 

• 
, 
• 

1 
u.o 
it·o 
· .o 

< 
45.0 
32.0 
22. 0 

' 
;.o 
6. 7 
5.0 

A R E A 
4 . 5 

4.0 2.0 
;.; 2.7 
4.0 4.0 

C 0 U N T 
6 7 

2.0 o 
1.7 1.3 
3.0 0 

a. 
1.0 
1. 0 

0 

9 
o 

o.z 
0 

10 
0 

0.9 
2. 0 

10. 
o 

o.1 
0 

10 
o - -

17 
Control 

1.0 
o

1.0 
o 

15 
0 

16 

5 
Control 

12 

2.0 
o-

1.0 
~ 

0 
--o 
~-0 

o 
0 

o 
0 

o 
2.0 

1 4. 
1.0 -· - - · -

0 Control 0 0 0 0 4.0 a ) .3 3. 5.5 ~ · 
20 1 1.0 3.0 __3.P~__]._.'l_ l.~ __. 1.5 9. 7 1.2 1.0 1. 

Cootrol o o o o 20.0 • ;2.0 16.o s.o 4.0 o o o o o o 0 

0 

0 

10 2.0 6.0 1.0 2.0 21.0 I 37.0 12.0 6.0 8.0 leO 1.0 0 
cont:.rol~~o c> o o 58.3 , 29.7 1o.o o.7 o.6 -0 . :3 0.4 o~ 

1 2 1 .0 s.o ~.o 3.3 29.o • ZT.o 18.3 s.o '3.7 1.4 o .3 o 
control o --o-- o o 10.0 , 13.o 14.o 19.0 2;.o 1o.;o -4.0 -;~o 

14 a.o 1o.o s.o s.o 39.0 • 21.0 9.o 1.0 1.0 o 1 . 0 ocoritro1--·- cf -- o -- o -o 9.3 .-- 1.1::·r - l>-.I-- e.g ·1:2;9 s·;--z - 4-;5 

].0 

3.7 

--1~<r -
1.8 
1.6 
1.6 

1.; 

0 
14.7 

2.0 
2.; 

17.0 15.0 3,.3 7.3 21.0 I 25.4 5.1 2. 0 2.3 0 0 ,.7 0 
0 0 0 0 7.0 1 10.3 19.7 11.0 1_3.3 6. 0 4. 7 3.3 

45.0 s.o 2.7 2.3 4.o • 9.3 10.7 5.0 6.3 2.1 1.; o 

1.0 o. 
0 0 
0 0 

--a~9 s.o 
1.8 4.0 
2 . 0 s.5 
1.6 1.0 
9.5 5.5 
1~ o.6 
;.J 4.5 
0 0 

10~0 2.3 
3.0 4.0 
o.; 
0. 
6.3 4.3 9. 0 ; .1 
o.7 o.3 o. 7 1.0 

o c-ontrol o -~-0------o- o o , 26.o 41~o- r1.-o-· --11.0 ~2.o o- o -,;o- o o 0 
47 ].8 ) 8.0 9.0 4eJ 3e7 14.3 I 19.7 5~2__ __l.~j_ __ Q_~3__1 .J 0. 7 0. 6 0.) 0.5 0.3 0. 9 
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the Whipple Micrometer Disc in the microscope viewing field. Accordinglf, 

the colony sizes on the lUilbranes were recorded in terms of auch 

AREAS. However, it mustbe kept in mind, that not all colonies were 

large anough to fill out such a equa.re. When the n\Uilber of cella in 

such small colonies was lese than 1.5, they were simpl.f scored ae CEU.S, 

In other words, if for example, a microcolony had 10 cells, instead 

of recording it as 2/3 of ONE AREA, it was counted as 10 CELLS. 

Thus the sizes of the microcoloniee referred to in TABLE I are 

expressed in terms of CELLS o~ ot AREAS . 

The values shown in TABLE I represent the frequency of 

microcolonie.s of different sizes, expressed as per cent of the population 

present on the membranes atter 48 hours growth at 2.7° c. Ea-ch average 

results obtained in the treatment groups 18 shown together with its 

respective average control value placed above it. 

It was noted that whereae the growing cells in the controls 

developed into fairly large colonies, some cells did not grow at all 

after irradiation; others produced one (FIG. 3), two or even more 

daughter cells (r~ IG. 4) • Soae were abb to produce colonies ae 

large ns the control cells. The growing control yeast population 

showed only one frequency maximum wbich was in the AREA part of the 

count. On the other hand, except in the firet four treatments, 

all of the irradiated cella showed two frequency me.xima. One sueh 

maximum was found to be in the double cell group and this maximum 

increased up to a radiation dose of 41 Kr. At higher r adiation doses a 

sudden decrease in frequency ot this particular group was noted, and 
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FIGURE 3 • A DOUBLE CltLL fRODUCIID A TER IffilADIATIO • This 
is a CFRF stain In which the ruthenium red s tep was o itted . 
Note that the daughter cell is as large as the mother cell 
yet no separation of the two has occurred, as can be seen by 
the narrow neck joining the two cells. Radiation dose 47 Kr. 

I lOt-=, 

FIGURE 4 • GROtfTH YEAST CELLS AFT~; · lRRAPIATIOlJ . Sta.in• 
ing is similar to FIG. 3 • The large size of the dg;ughter 
cells persists after several generations as can be seen from 
this j:ilotomierograph. The mother cell and the daughter eells 
produced altogether six cells . This group would be classified 
as 5· 10 CEU.S. Radiation dose 47 Kr. · 
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instead the maxi mum occurred i n t he single cell gr oup. The second 

t~uency maximum in t h.e treatments was found in the AREA part of the 

growing populat ion. It will be noted that t he AREA ma:xima in the 

irradiated population& shifted to smaller values ( i.e. toward the 

lett of TABlE I ) when C0Dlpared to thei r respecti ve controls. 

Effect ot gamma r a.cliaticm on ability of yeas t ce~ls to sporulate 

When diploid cells or S<iCOh&romyoes cerevisiae sporulate 

they usually produce 1 - 4 spores, ( t hus l'' IG. 5 sh.ows a four-spore 

ascus and two vegetative cel ls that di d not produce spores ) • During 

the 14 sporulation experiments done with the yeast strain used in this 

investigat ion, ttle reeult& tabulated in TABLE .II in the non-irradiated 

control population were obtained. 

Fourteen experi.ments were done to investigate the eff ect (Jf 

g$JIIIS. ra,{}iation on t.ru!l a bility .of yeas t cells to sporulate. FJDUJ!'tE 6 , t b 

shows such irradiated cells, the majority of which did not produce 

spores. In TABLE III Ute results obtained in this p.rt of t he i nvest

i ga t i on are sunmarized. Sporulation is expressed in terms of the 

SPORULATI ON I N1>F.X, which relates the proportion of irradiated cells 

t hat sporulated to the sporula tion of the non-i rradi ated controls ; 

e.g . if ~ %of the cells in t he control popUlation sporulated, and 

,30 ' of the i rradiated cells s porulated , then 

Sporulation. Index : lO •100 =so Eq. (3)
60 



FIGURE ; • 10»-:mRA~'fll) SPORULA'TING CJ~t..ts. Tb.is 
figure ehowa a nll ~t &a c011i)laiea the sporulation 
procaae. It baa tour aporea in ita &8cue . The other 
two cells did not form sporea, although indications 
are that the protoplae. haa concentrated in c.rtain 
areaa . Thia stain ie also CFM. 

http:CJ~t..ts
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FIGURE 6 a • CFRR STA INED SPORUIATDiG CELLS THAT WERE 
IRRADIATED BEFORE COMMENCiMtt OF SPORULATI ON PRCCESS. 
Olil;y three spores tormed In the ascus. fhe rest ot the 
irradiated cella did not form spores. Compare the ai11e 
ot the non-sporulated cella with cells shown in F]G. s. 
Radi ation doee 47 Kr. 

FIGURE 6 b , NUCWB S'l'AllJ OF IRRADIATED SPORUlATING 
CELLS. This phot:Ciitcroara;i shows the nuclei ot haploid 
epons ( at lower end of illustntion) and the indistinct 
and di.ffuae nuclei of non-sporulated cella. Radiation 
doee 47 Kr. · 
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TABLE .II 

PER CENT SPORULATION OF N0r~-IRRADIATED YEAST CELLS 

Non-spor ulated One-spore Two- s pore Three- s pore Four - epore 1'ota l 
cells asci as ci asci asei as ci 

NOTE : 	 The standard deviat ion of the total sporal a. t ion w&s 13•.5 
with a probable error of 2. 206 

TABlE lli 
EFi'ECT OF' GAMMA RADIATION ON SPORUl.ATION ABrLl.'l'Y OF' YltA~-3T CELLS 

Rad.i at i on Experiaent Sporula tion St andard 
dose (Kr} Number lndex deviation 

' 
l .S 

16 

20 

27 

30 

32 

34 

3S 

35 

35 

36 

45 

C ON T RO L 

19 

s 
13 

1 

12. 

14 

3 

6 

4 

7 

9 

15 

2 

27.0 12. 6 


100. 0 

8,3 .6 7. 2 

48.6 8. 1 

45.4 7.6 

39. 6 11. 8 

21. .3 6.; 

27.4 1.4 

16.3 8. 2 

15. 7 3. 2 

13 . 7 2. 8 

10.3 4.1 

20 .0 6.1 

16. 7 7. 9 

18. 9 3.4 

47 18 18. 7 1. 2 
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It was noted that the sporulation ability of the yeast cells 

decreased markedly with an increase in rad i~tion doso. A pos3ible explan

ation for the low SJ.."'rulation at high doses is that such cells ma.y stlll 

be capable of forming spor~s, but r~quire longer than unirradiated cells 

to eompi.ete the process. To test this pos3ibility t~-e following experi

ment waa done. A yeast popula tion wa$ dividec into thrae equal parts. 

One part of the population was exposed tG 5 Kr radia tion, thtt second tart 

was exposed to 47 Kr dose, and the third p,.~rt was not irradiated at all, 

serving as the control. After irradiatiGn all were transterr'!d to the 

sporulation medium and incubated at 2rf C.. Counts of sporulat6d cells 

were made at 1 day intervals for a period of 10 days, to date1~ine how 

much of the popul~::~.tian eompleted the spore-forming process. TAVLE IV 

showB the sporulation values obtained. The data are expressed a.s the 

perce11.tage of the total population tha t formed spores. 

The results indicate that whereas ~:rperula.tion of the control 

population was still continuing af'l',tr 10 deys, no increase occurred in 

the .5 Kr group after 8 dars, or efter 2 days in th~ 4'1 Kr group. Further

more, t,he 5 Kr gr<)Up did not increase as much as the control from the second 

to the eighth day. The results indicate that if a strongly irradiated cell 

did not form spores within h8 hours after transfer to sporulation medium, 

it is unlikely, that it would complete the sporulation process after that 

time. 

'l'he effect of radi a tion on the nu1nber of s pores produ,ced per 

ascus was a l so i1westigated. TAr,l.E V sumrr.a.rizcs the results obtained 

in 1.4. e.xperimentlf. The average of the controls gave a value of 2.80 spores 
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TABlE IV 


COMPARISON Qli' ~)P(]WJll'l'ION Of n -:.AST CE.Ll.S AFTER DIFFERENT LENG'lliS OF 
INCUBATION, AFTER o, S, AND 47 Kr EXPOSURE TO GAMMA HAYS. 

(Values are expressed as p4tr cent of total population) 

Radiati()n D a 1 s i n c u b a t 1 o n 

dose (Kr} 2 4 6 7 8
' 0 !)6.) 69.1 75.0 86.1 91.2 92.3 90.9 95 .6 

s 43.9 .so.o S4.:3 61.0 62.5 6s.o 6s.o 65.0 

47 11.6 11.0 10.) 9.9 12.4 11.,0 11.7 11.6 
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'l'A61~ V 

Radiati ('tJ 

dooe (Kr} 
Experi!ll8nt 

Number 
Average lhaber 
of spores/ascus 

Proportion 
of control 

0 c 0 N T R 0 
,. 
Jo..t 2. 80 .. 1.00 

5 19 2.98 l . t"J7 

15 ' 2. 76 0.99 

16 l3 2. 71 0.97 

1 1.13* :It 0.41* * 
Zl 12 2. ?0 0. 96 

30 14 2.74 0 . 98 

32 ' 2.2; o.e1 

34 6 2.68 0. 96 

35 4 2.30 0.82 

35 7 2.7f} 0.98 

35 9 2.76 0.98 

36 l.S 2. 48 0.89 

45 2 ~.38 o.as 
47 18 2. 42 0 .86 

* 	The standt:il"d devi a.tton for t he control~ only was 0. 21 with 
a probable error of the mean ot 0. 44 • 

** The cell concentration in this experiment Wf~a onlY 1 mUU .on 
per ml, ina tea.d of the usual 4 million ;per ml , w 1ch may 
account for t he low value obtained. 
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par ascus, which was then set at unity, and the sporulation of the 

oells that had been irradiated expressed in proportion. The results 

show a distinct reduction of spores per ascus with increased exposure 

to ,._ radiation. The reduction ol spores per ascus, however, 

was aaall in proportion to the reduction of eporulation, which was 

shown in TABIB III. Thus the -.xiaUil reduction of n\Dilber of spores 

per ascus was down to 85 ~ of the control ( i.e. a reduction of 15 ~) 

in the radiation range employed, whereas th• maximum reduction of 

sporulation observed was to 10.3 ~ of the control. These results 

indicate that it an irradiated cell is able to sporulate it usually 

does so to the full e~ent of a non-irradiated cell. 

Five experiments were done to determine whether by exposure 

of a cell to g-. radiation one can destroy the cell's ability to 

sporulAte without attecting :.lte abUity to grow and vice versa. The 

procedure followed, aa described in Materials and Methods, was to 

grow the yeast cells on ••branes on porcelain blocks for two days 

at 27' c, and then transfer the membranes with the microcolonies to 

other porcelain blocks standing in a sporulation medium. After three 

days in the incubator, the microcolonies were examined for evidence 

of sporulation. The results obtained with the non-irradiated controls 

and the irradiated cella are shown in TABLE VI on the following 

page. 

The aicrocolonies that grew on membranes tl'l8t had been seeded 

with non-irradiated cells always produced a number of asci and the 

number of asci was proportional to the size of .acb colony. Thus the 
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TABLE VI 

IFF'ECT OF RADIATION ON NUMBER OF ASCI IN COLONIES OF DIFFERENT SIZE 

R&d iat10D ixpt. AVIRAGE NUMBER Cf' ASCI PER COLONY • or
doae (Kr) ntaber Co1o01 oime (AREA) co1oniea 

1 2 3 4 5 6 7 8 9 lack~ 
asci 

0 Cont.rol , •. 1 10.3 14".. ., 20.2 2.5.7 29.5 35.4 39.5 44.5 0 

.5 19 4.0 9.7 1). ~ 17.0 2.3.0 26.,5 33.9 36.s 41.5 0 

16 13 ;J .o 5.e 10.7 14.4 17,8 22.1 21.3 :n.o. ,36,0 4 

27 12 2.$ 4.6 7.4 10.7 15.3 18.6 22.1 26.1 32.1 6 

36 15 0 0 o.7 1.0 1.0 1.s 2.5 3.2 9.0 23 

47 1S 0 0 0 0 0 0 o.s 1.7 2.3 .59 
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average maber of asci produced in colonies of unit size (AREA OF ONE) 

was fo'UI'ld to be ;.1; in AP.EA Ol'' TWO 10.:3 (FIG. 7), etc. Since a 

coloey of "unit arean contained 15 t 5 cella, thl.a aeant that about 

1/3 of the cella sporulated in the controls; and the sporulation 

percentage was independent of colont size. 

In the colonies that grew from irradiated cells, there were 

fewer asci per unit area (FIG. 8), especially at the higher radi

ation dosea. It will be also noted that some colonies that grew 

from Cells subjected to 16,000 r or more produced no asci at all. 

One such colony 18 illus-trated in FID. 9. The per cent of such 

colonies was especially high (.59;!) alter 47 Kr exposure. This 

included colonies that 'l'aried in •1•e from an AREA OF ONE to an 

AREA OF NINE • · 

It is evident, that it a cell ts able to grow after being exposed 

to gaJDJD8. radiation, it is net neceeearlly able to sporulate. An 

attempt wae made to determine whether the reverse wae true, i.e. can 

a cell, that has lost its ability to grow, sporulate 1 A large number 

of one-, two-, three-, and tour-cell colonies lf&.S examined, but none 

of these colonies was found to contain spores. A very small percentage 

of the 5-10-cell colonies wu found to hn.ve sporulated cells. These 

observations indicate that it a cell loses its ability to grow, it also 

loaei its ability to sporulate. 

Effect of gamma radiation on nuelear divj.sion in growing yeast cells 

To determine whether or not any relationship exists between 
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FIGURE 7. A NON- IRRADIATED GR HNG COLONY (AREA OF TWO) 
AFTER TRAfJSFER TO SEORfitATION MEDIUM. This is a CFRR stain 
of a microcolonf in the G.S part of the experiment. showing 
two-spore aeci and non- sporulated cells. 

,. I··~II 

FIGURE S. Afl IRP.ADIATED GRO.HNG COLONY {AREA CF SIX) AFTER 
TRANSFER TO SPORULATION MEDIUM. Thi8 CFRR stain shows only 
a few asci produced ln .a. colony of sueh a large size . The 
magnification ot this figur is t ot F' i gure 7 • Som ot 
the cella are out of toeus due to the dome- shaped character 
of the colony. Irradiation dose 27 Kr • 
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FIGURE 9 • IRRADIATED GRCl\' ING M!CROOOI.ONY AFTER TRANSFER TO 
SPORULATION MEDIUM. This 18 8. CFRR stain of a a-s Jnicrocol
ony which did not produce any spores . The microeolony grew 
to a consider able s6ze (AREA OF FOUR) yet th$ cells did 
not form any spores . Magnification same a.s Figure ? • Note 
the lal"ge size or the cells . Radiation doee 7'1 Kr. 



the occurrence of double cells and the failure or abnonnality of 

nuclear division, a sur vey was made of euch cells, using the 

nuclear stain. By me&n8 of this it was po.ssible to determine 

lthether or not the nucleus had divi,ded., and if it had, whether 

one of the resulting nuclei had passed into the daughter cell. 

The examination ot the nuclei in the irradiated. double cells 

showed that a proportion of these nuclei had not divided at all 

(FIG. 10), others appeared in the process of dividing (FIG. 11), 

and a third group, in which the division had been completed (FIG, 12) 

and each member ot the pair contained a nucleus. The results of 

these observations, which are tabulated in TABlE VII ( pe.ge 48) 1 

indicate that at relatively low doses of radiation the number of 

divided nuclei predominated, whereas at t.he highest dose ueed (45 Kr), 

the percentage ot the non-c:Uv1ded aot.her nuclei was larger. The 

frequency ot doale cell in which -nuclear d.iviaion was incomplete 

also increased at the h11hel' radiation dvaea. 

Effect of .aa.a radiation on nuclear division in sf!2rUlating cells 

Obse!"V'ations were mad~ on the condition of the nuclei in 

irradiated cells placed in sporulation med.iwn tor three days. It 

was tound that eells in which reduction division was not completed 

constituted on11 2$ ot the population, These tindinge indic•te 1 that 

as long a.s reduction division of the diploid nucleus did occur after 

exposure to gamma radiation, then ascospores were also formed. In 

other 'WOrds, the reduction division of the nucleus must be more 
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FIGURE 10. A DOUBLI-cEY. W.rrH A NON-DIVID&D tJUCI..EUS. 
Thia tiaure illuet.ratea an lrradiat.ed cell ihit produced 
a lara• da\&lbt.er cell ,., ita nucleus did not divide. 
Radiation doee 71 Kr. Jhlcl..r atain. 

' j 

FIGURI 11. AN IRRADIATED DOUBLE-CEU. SHCWING INCOMPLETE 
NUCI.&AR DIVISIOH. Rote the nucleue in the neck ot the 
aother ceil. · 'hiu atage is one step turthor than the stage 
illustrated in F1gure 10. Radiation doee 27 Kr. Nuclear s tain. 

I I 

FIDUJtE 12 • AN lRRADIATED OOUBIE..C.""' SH<.X<TING COMPU:Trt:D 
NUCLEAR DIVIS ON. Th mother cell not only produced a 
daughter cell, but the nucleus ot the mother cell a lao 
divided aucceeefully. Radiation doee 16 Kr. Nuclear stain. 

http:da\&lbt.er
http:lrradiat.ed


TABLE Vli 

EFFECT OF l1ADIATI<li ON tmCLEAR DIVISION I N T\iO..CEU. GROUPS :t 

Radiationdoae (Xr) : _ 5 10 16 20 27 30 3? 45 

<:::::!) 
Per cent nuclear 
divisions caapleted 9~ 9§** 100.0 91.0 85.0 59.3 39 .•0 20.0 

G8 Per cent nucle&r di•
ision~~ not completed 2 0 0 0 5.1 2<l.7 40.0 21.6 

<!X) Per cent with no evidence 
o! nuel•'i.r d1Yieion 0 4 0 9.0 9.9 20.0 21.0 58.4 

*Since none of the controls had any two-cell groupG the controls an not included. 

~he experimental error in t.hese two counts is large, s ince these values ware 
obtained froa only 6 aDd 8 double cells, respectively. Such cells wer~ very 
infrequent at low radiation doses. 

~ 
en 
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sensitivs to radiation than the stage of sporulation ~ which the 

spore walls form around haploid nuclei. 

Etfeet of gamma radiation on taorphological and cytological changes in yeast_ 

The JDOst conspicuous change o! yeaet cells exposed to radi

ation was a.n increase in size of these oelle. Thws irradiated cells 

were 2-3 times larger (FIG. 13) than the non-irradiated controls (FIG.l4) 1 

and the protoplasm o! the irradiated. cells appeared granulated and 

finely vacuolated (FIG. 13 and FIG. 1') • At higher doses of radiation 

some cells lost their characteristically oval shape and were diator••d• 

as shown in FIG. 16 • 
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I••e, 
FIGURE 1.3 • rmCWR STAIN Ot' IJlR~DIATJW CELLS IN A COLONY. 
Note the large size ot the irradiated cells, and compare it 
with the non-irradi a ted cella of ~' igure 14. l!.agnifica tion 
of 'both figures is SlUie. Radi a tion dose 16 Kr. Nuclea r stain . 

FIGURE 14 • rruCLEMi STA llJ OF NON- I RRADIATED CEI.I.S IN A 
MIC.H.OCOLONY. Note the diffe r ence in the appearamce of 
the protopla sm wbieh, 1n contras t to irradi a ted cells, is 
quite homogeneous in apPearance. Also note smaller size 
ot these control cella. Nuclear s tain. 
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FIGURE 1.5 • NUCLEAR STAIN OF IRRADIATED CEU.S THAT ARE 
GRAMUl..A'l'ED AND VACOOLA.TED Di APPEARANCE. Thie is a group 
.ot four cells that grew alter lrraois.t'ion. . Each cell 
has one nueleue and csn be said to have the ability to 
multipl7. Again,note the granulated appearance of the 
protoplasm of the cells. The original mother and daughter 
cel~are much l arger in eise than the two subsequent 
generatione. Radi&tion dose 16 Kr. Nuclear stain. 

e ..... I• 

F'IGURE 16 • DISTORTED l!.TmADIATED CEJ..IE !N A COLONY. 
This is a CFRR stain Illustra ting the maishaped cells 
that occured in some of the colonies that grew from 
cells atter exposure to radiation. The originally irrad
iated cells are much larger than the later generations 
and also are changed morphologically. Radiation dose 1& Kr. 



DISCUSSIO N 

This study was undertaken primarily to determine and compare 

the effect of gamma radi a tion on the growth and sporulation processes 

in yeast, And also to compare the effect of r adiation on nuclear 

divi s i ons that occur during growth and s porulation. Before any 

comparison between the two processes can be made, a basis for such 

comparison must be established. 

An irradiated cell that has produced more than 5-10 cells 

could be counted as having the ability to grow. Or cells could be 

counted that bad produced four, thr.., two, or only one daughter cell. 

Conversely, the criterion of cell inactivation could be taken as loss 

of ability to produce a daughter cell, or more than one, two, three, or 

even perhaps up to 10 daughter cells. Thua in FIG. 17 the data of 

TABLE I are plotted using as criteria of inactivation the inability 

of cells to produce any, or one, two, etc., daughter cell.5. The 

values plott.ed were obta ined in the following manner: if1 tor 
. 


instance, the population on a membrane consisted of .3 ~ single cells, 

(and the one--cell criterion of' growth was used), then the rest of 

the population (97 •) was considered to have grown. Similarly, it 

the four-cell criterion was used, then all cells that produced more 

t han three daughter cells were considered as having the ability to 

grow atter irradiation. As ia expected, when the less d.emand.ing criteria 

52 
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COMR\RISON OF DIFFERENT CRITERIA 

IN EVALUATION OF GROWTH SURVIVAL 


0 

'W 
(o)0 

u 
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FIGURE: 17 • COMPARISON CJ' OD'FERZNT CRITERIA IN 
THE EVALUATION OF GRiiifii stJiV IVAL. Note that the 
shape of the curves remains essentially the same 
no matter what crit.lrion of survival is used. See 
text f or explanation of the method of scoring s ur
vival. 
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of growth are used (such as the ability to produce one or two daughter 

cella) 1 the survival curve falls off less steeply, than when more 

demanding criteria. are used. With none of the eriter~ used in pre

paring l'~IG. 17 does the survival cut"''e approximate a straight line. 

The shape of these eurvee 1e sigmoid and is similar to that ot curves . ' 

obtained bJ other innetigators ( Wycllott and Lyuet, 1931, Frilley 

and Latarjet, 1944, Le.tarjet and Ephrusei, 1949) in studies of the 

survival ot irradiated diploid reast cells using other D!B thods. 

lfo e1.ailar dift.iculties are encountered in obtaining a 
' 

satiltactor.y criterion or loee ot sporulation ability on irrad iation. 

One ne.. only express the sporulation of the irradiated cells as per 

cent of the non-irradiated controls. The data already summarized in 

TABLE In are plotted in FIG. 18 for coaparieon with the growth 

ruults shown in FIG. 17. An Wla.pect.ed finding is, that the points 

in FIG. 18 appear to lie on a strai&ht l.i.M when sui-logarithmic 

paper 1a uaed, and an atteapt auat be aade to account tor the differ• 

enoe ob..rYed in the ehape of the CurYea. 

W;yokott and LuJet, (1931) 1 Frllley and Latarjet, (1944), and 

Latarjet and .Ephrusi (1949) d...,netrated that the shape of the in

activation curve tor diploid yeaat cells was sigmoid. This waa 

found also in the present inYestigation. Latarjet and Ephrussi (1949), 

on the other hand, tound that the radiation inactivation ot haploid 

yeast cella gaYe an exponential curve, which when plotted on semi

logarithmic paper gave a straight line. This was subsequently con

firmed. by Zirkle and Tobias (19.53) • 

http:Wla.pect.ed
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. 
SPORULATlON AT DIFFERENT DOSES 

OF RADIATION 

100 

by 

~ 

~ 
0 

Points or~ ~xp~rim~ntali 
straight lin~ fitt~d 
l~ast squar~s mrlhod . 

• 

•• 

o ~ m ~ ~ ~ 

RADIATION DOSE (Kr) 

FIGURE 18 • SPORULATION AT DIFFERENT DOSES OF RADIATION . 
Complre the straight line sporulation curve of irradiated 
cells with the sigmoid curves of grolo·ing cells exposed to 
radiation illustratltd in Figure 17 • Note that the ordinate 
is expressed in te:rm8 of a logarithmic scale. 
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The present investigation indicates that an exponential 

inactivation curve 1.8 obtained with sporulating diploid cella, 

when inability to sporulate .is taken as the criterion of inactivation. 

This observation has never before been made . 

The finding of a sigmoid type of inactivation curve in diploid 

cells has been interpreted by Latarjet and Ephrussi (1944) and later 

by Tobias (1952) to mean that at least two sensith~e sites must be 

affected by radia.tion, before any reductic>n of growth can be observed. 

These workers considered these two units to be homologous genes . In 

the haploid cell on11 one gene of each kind will be present , and 

therefore, a single ionization causing mutation of one gene may 

suffice to bring about the inactivation of the cell. This would 

be expected to give a straight...line rel.a.tionship when plotted on 

semi-logarithmic paper. 

In contrast to growth , the ability of an irradiated cell to 

sporulate ie destroyed by much less radiation. It can be therefore 

speculated, that for successful spor\llat.ion to occur, n large number 

of genes is necessary, whereas a smaller number of genes is required 

for growth. Thus, if for instance, 1000 genes were necessary for 

sporulation and only 200 genes sufficed for growth to proceed, then 

the greater sensitivity of the sporulation process oould be accounted 

for. It mWJt be kept in mind, however, that if' the inactivation of 

sporulation and growth is brought abQut by mutation or both members 

of at least one pair of genes to recessive alleles, then the inactiv

ati.on curves of both growth ~anQ sporulation should be sigmoid. Since 
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this il not the case, (the sporulation curve being a straight line), 

the hypotheeia that aere genes are required for sporulation than for 

growth ••ms i.Jap:robable. An alternative explanation is that, where

as growth ability is inactivated by the radiation action on at least 

two h011ologo\18 genes, the loes of sporulating ability aay result !rem 

mutation of only one member of certain gene pairs. 

Oth4r possible explanations of the aetion of radiation on 

growing and. sporulating yeast cells could include the followings 

a) 	 Breakage of ehrQD.osa&ea; broken chl"omoaOIIlea could during 

a1toa1a and meiosis inte:rfere with the mechanics of' success• 

tul c011pletion of division. Since, however 1 little 1e known 

about the details of meiotic and mitotic divisions in yeast, 

no successful interpretation of the action of radiation bf 

chromosomes breakage in yeast can be brought about4 

b) 	 Cytoplumic effects: whereas non-genetic
" 

effects ot radiation 
" 

on ,-east have be:en know to occur (Sarachek et al, 1954) it 

ie nevertheless difficult to imagine a single vital molecule, . 

otber than a gene, which would inactivate a cell to such a 

d•uee. C;ytoplasllic effects will likelt never result in a 

straight line. 

c) 	 Destruction ot centriole: Lindegren et al. (l9S9) claimed that 

the centriole was the primary siUt• on which radiation acted. 

According to these workers a haploid 1east cell h~s one centriole, 

a diploid yeast cell hae two centrioles, ete. Inactivation of 

yeast cells by exposure to radiation 1s brought a bout by the 
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tbe inactivation of these centrioles . All centrioles must 

be destroyed before a yeut cel l is inactivat,ed. Since no 

eentriolea were . observed in t.}}e course of thie investigation , 

Lindegren•s claim is not contil"'lled by the present study. 

In· conclusion it can be said that the present study has 

fo~1d that thG sporulation process in yeaGt is mo~e sensitive to 

radiation th:.:.n growth.. The greater ~Sensitivity ot $porulation as 

compared with growth is also reflected in th·e observation that gamma 

radiation frequently destroyed the abilit,y ol a eell to sporulate 

without at.fecting its capacity to grow. r'urthennore; since only 

successful meiosis brought about the formation of spores, the spor

ulation inactivation curve probably closely approximates the meiotic 

inactivation curve. These are the main contributions of thia invest.. 

igaticn. 

Since spol"W.Ation is preparatory to sexual multiplication, 

the present investigation has shown that in eff'act sterility can 

be produced 1n yeast by expoaing them to guma radiation. Practical 

applications o.f' btting able to malce yeast sterile, can be introduced 

into the baking and brewing indu.'3tries, wh*Il sexual reo~binations of 

a satb.f'actorUy per.f'o:naing strain must be prevented. Thus, exposure 

ot vegetAtive cells o! such a 11tra.in to low doses of gBIIJD& radiation 

could make the yeast sterile. 

A satisfactory C'i"iterion o-f growth must be estahlbhed in 

order to compare the r.o doses of growing and sporulating cells. Th\18
50 

a double cell is not a satisfa.ctoey critorion of growth, bocauee some 

http:11tra.in
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ot t he nuclei di d d~,vide and. other s dt d not. On the other ht.nd 1. it 

can be $aid , t hat a t rlple cell did grOlt·, bees.use examinat i on, ot nuclei 

showed t hat the nucl ear division wae always complete in sueh cell 

groups. Accordingly, a satisfactory criterion of growtli in this connect

ion can be t he production of two or more daughter cells a ft.e r irradiation, 

When the 1.050 dose o.f such cell group is empared vith the w50 dose of 

sporulated yeast cell s (47 Kr and l3Kr, reapeotively), then i t is seen 

that eporulatio:n is approxi.rnatel7 3.5 U.s as sensitive to radiation 

as growth. 

One oontribuU.on of genera l signtficanee is t he ueetulness o! 

the Millipore Filter membrane technique described in the present study', 

The usual rr~~athod or studying the aeticn of radi.a.tions on yeast eelb 

i nvolves the plating out or irradiated eelle on a nutrient agar medium. 

After a suitable tw of ir1eubation• the num.btr Qt visible coloniee 

that have appeared are counted. The eff ect o! radiation. is then express

ed in terms of the n:umber of cells plated out that f a iled t.o produce 

visible colonies. As the oelle that do not grow are not ,counted, .it is . 

necessary to estilnate their abundance by canparing the treated populat

ions with Wlirradiated control po~ations. Other techniques include 

the observation ot cells isolated by micromanipulation and grown on 

agar afte r exposure to r~d.iation., The technique used i n the preaent 

investigation ccubines a~tributee of both of ~ above methods. Cella 

that do not grow can be counted directly; aU degrees of growth activ• 

it;r, betwe•n fa i lure to ba:l at all Wld production of lllicrocolonifts 

containing several hqndred eelli, are evident. By using one or the 

http:oontribuU.on
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other stain one ce.n demonstrate the nuclei or the spores ineide the 

cella. Cells can be irradia.ted either dry or .110iet. Radiations or 

low penetration can be successfully used. Moreover, permar1ent slides 

are obtained. This .:h or great advantage, since slid.es can be filed 

away and reexamined as desired. During the course or this investigation, 

the method ot scoring results chnaged several times, yet there was no 

need to repeat experiments. Proba.bJ.7, tile technique used and described 

in the present investigation could be easily adapted to other typee of 

radiation experiment., especia lly using microorganisms. 

This. preliminary study suggests that future reaearch shoUld 

concentrata on the detailed study ot nuclear division processes in 

yeast. 



SUM M ARY 

l) The CDilpt.J"ieon of radiation action on growing and 

sporulating yeast cells . has shown, tb~t. or the two processes, 

sporulation ia t.r• more s~itive. 

2) The .inability of yeast eelle to sporulate show• an 

expone.ntial relationahip to the ndiaticn dose to whi ch the cells 

were exposed. This b in contrast to growing yeast cells, where 

the relationship vas expressed aa a characteristic sigmoidal inaeti... 

vation curve. 

:3) It waa shown that an irradiated cell may grow, forming 

colonies of considerable sbe, but CallpoJed ot cells, that do not 

sporulate when transferred to a sporulation r.aedium. Thus it b 

possible to i nactivate b1 expo.,~ to radiation the capacity ot a 

cell to aporulate, without Affecting its ability to srow. 

4) ObaervatioQa indicated, that as long aa the nucleus of 

an irradi.a.ted cell can undergo Mioe~ 1 1t will e.leo co.mplete the 

tonaation ot spores. This U.pliea that the radi&tton-eenllitive 

stage of sporulation b tt:t. nuclear divilrion. 

61 
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5) The Millipore Filter membrane eult.ure and etaining 

tAethads employ.O.; were shown to be of value 1n research on the 

eff,.,ct of ra.dlation on microorganisms . 



BIBLIOGRAPHY 

Alexander, , P., (1961), Priaary and initial effects or ionizing radiations, 
Na.ture, 189: 110-112. 

Anderson, R.S. and H. Turkowitz, (1941), The experimental modification 
of the seneitiYity ot yeast to roentgen ra;ya, Am. J. Roentgen
ology and Radium Theraw, 1!2:537-5.39· 

Bair, w. J. and J. N. Stannard, (19.55), Role of electrolytes and star
vation in altering apparent radiosensitivity ot baker's yeast, 
J. Gen. 	Physiol. 1!!:493-504· 

Barber, 	D. A., G. J. Neary and R. s. Russel, (1957), Radiosensitivity 
ot salt uptake in plants, Nature, l§Q:556-.557. 

Baron, L. s., S. Spiegelman and H. Quastler, (1953), Enzyme formation 
in non-viable cells, J. Gen. Physiol. ~6.31-641. 

Barron, 	E. s. G., (1954), The effect of X-raps on systems of biological 
importance, Chapter 5 in "Radiation Biology", Vol. I, Edited 
by A. Hollaender, McGraw-Hill, New York. 

Birge, A. C. and C. A. Tobias, (1952), Radiation eensitivity of yeast 
cella grown in aerobic and anaerobic enviroll181nte 1 UCRL ·Report 
Ho. 1922, 60-6.5. 

Bruce, A. X., (1958), Response of potaaaiUJa retentivity and survival or 
yeast to tar-ultraviolet, near-W.troviolet and visible, and 
X-radiation, J. Gen. Phyaiol. ll:!:693-702. 

------- and J. N. Stannard, (1958), The effect of X-irrediation upon 
potassium retentivit;y of yeast, J. Cell. and Comp. Physiol. g: 
325-340. 

--------------------------- (19.59), !he ef fect of temperature on potassium
transfer in irradiated yeast, J. Cell. and Comp. Phyeiol. E_:l 

Buchta, 	L., (1914), Ueber den Einflues dee Lichtes aut die Sprossung der 
Hete, Centralblatt Bakt. ~:340-351. 

Burns, V. W., (1954), Search tor an effect of hydrostatic pressure en 
X-ray inactivation or yeast, Arch. Biochem. Biophys. 2.1:4.50-456. 

-----------,..-, (1956), x-ray division delay or individual yeast cells' 
Radiation Res. ~:394· 

63 

http:1!2:537-5.39


64 


Elkind , 	 M.M. and Beam; C.A., (19.54), Variati~n of the biological effective
ness of !-rays and alpha-particles on haploi~ Saccharomyces cere
visiae, Radiation Res. 2_:88-104. 

Euler, H. von , (1942), Influence of roentgen rays on yeast cells, Svenska 
Bryggaref~ren. Manadabl • .21:141-146. Obtained from Chem. Abstracts, 
J1:,5107. 

Frilley, M. and R. Latarjet, (1944), Action de differentes radiations ion
ieantes sur l.a. levure Saccharomyces elli:psoideua, Camp. rend. 
~~4~-481. 

Gray, L. H., (1949), COJB:parative studies of the biological effects of X-ra,.s, 
neutrons and other ionizing radiations, Applied Biophys. Symposi~, 
Chemical Publishing Co., New York. 

-w~------, J. Read and H. Poynter, (1943), Biological effects of X-rays, 
alpha-ra)ls, gamiM-raya and neutrons, Brit. J. Radial. ]!s125. 

Holweck, F. and A. Laeassagne, (1930), Action on yeast of soft X-rays, 
Camp. rend. soc. biol., Paris, 103:60 • 

Jacquemin, G. and G. Oiurel, (1914), The influence or radioactive emanations 
on yeasts and alcoholic fermentations, Mo. Bull. Agric. lntell. 
(Rome), ,2_tl.50.5. 

Kny, L., (1884), Die Beziehungen des Lichtes zur Zellteilung bei Saccharo
&Ces cerevisiae, Ber. Deutsch. bot. Gesellsch. ~:3 • 

Korogodin, V. I., (1957), Certai.p irregula rities in the growth or macro
colonies after irradiation ol yeast cells with gRmma rays from 
radio-cobalt, Biophyeics, (USSR), ,2:178-186 • 

Latarjet, R. and B. Ephrussi, (1949) 1 Courbes de Burvie de levures haploides 
et diploides soUJDisea '-ux. rayons-X., Comp. rend. 229:306-308 • 

Lindegran, C. C., (1945), Yeast genetics: life cycles, hybridization, 
vitamin synthesis, and adaptive enzymee, Bact. Rev. ,2:11~-170. 

--..-------, D. D. Pittman and A. Iuasa, (19.59) 1 The centriole as the 
priury radiation target in the resting cell, Trans. N. Y. Acad. 
ot Sciences, Sar. II., ~2524-530 • 

Lohmann, w. (1896), Ueber deb Einfluss dee inteneiven, Lichtes auf die 
Zellteilung bei S&eoharorayces cerevisiae and anderen Hefen, 
Thesis, Rostock,; quoted by Buchta, 1914. 

Ma.gni, G. E., (1953), Genetical and biophysical methods of researc h for 
studies on the SJBtematies or fungi, Atti Ist. Bot. Univ. Pavia, 
l0r201-210 •- " 



--

65 


Martinand, F . (1871), quoted by '~yekoff' and Luyet, 1931. 

Meissel, M. N., (1956), 'l'he biological effect of ioni.r..ing radiations on 
mic.:roorganisms, Proc. Intnl. Cont. Peaceful Uses of A'tomio 
Energy, 11:227-243 • 

}filler, 	J. J., (1961), A membrane filter giemsa procedure for yeast 
microcolonies, Stain Technology, in press. 

--------- and V. V. Kingsle7, (1961), A membrane filter mounting method 
· and spore stain for S&ccharO!lCes, Stain Technology, J.£:1-4 • 

Nadson, 	G. A., (1925) 1 PrimarwirkWlg der RadiUllll3trahlen auf die 1ebendige 
Substanz, Biochem. Z. lli:JSl-386 • 

---------· and C. Sterm, (1931), D• l 1action des rayons ultra-violet et 
des rayons-! sur 1a cellule des levures, Dok1. Akad. Nauk SSSR, 
12;31&39-44 • ' 

---------- and A. J. Zolkevic, (1925), Potauium as an antagonist to 
roentgen rays and to radiura, Biochem. z. 1631457-46.) • 

Rothstein, A., (1959), Biochemical and physi.ological changes in 
' irradiated ,_ast , Radiation Res. Suppl. 1, .357-371 • 

Saracheck, A., Shult, E. and C. C. Lindegren, (1954), Evidence for two 
different ;,pes of X-ray damage revealed by anal~is of retardation 
ot budding in Saccharom~es, Arch. Bi:ph;ysics .21:340-349. 

Shennan, F·. G. and H. B. Chase, (1949), Et!ec ts pf ionhing radiations on 
enzyme activities of yeast cella. I. Relation between anaerobic 
Co2 production and colony production at intervals after X-ra.diation. 
J. Cell. and (Jomp. Physiol. ~:17-23 • 

Sugiura, K and s. R. Benedict, (1919) ,, The action of radium emanations on 
the vitamines of ~east, J. ?iol. Chem. !2:421-433 • 

Ting, T. P., H. F . Chinn and H. E. Johns, (1952), The rela tive biological 
effectiveness of 200 KV and 23.5 MeV X-radiation, Rev. can. biol. 11: 
389-400 • 

To'bias, 	c. A., (1952); The depend.ence of sane biologica l effects on the 
rate of energy transf er, Symposium on Radiobiology, 357-384 • 

Weise, J., A. o. Allen and H. A. Schwart:, (1956), Use ot' the Fricke ferrous 
sul.fa:te doaimeter for ga.mma·-re.y doses 1n the range 4-40 Kr• Proe. 
h itnl. Con!. Peaceful Usee of Atomic Enerfy, 1!:179-181 • 

W'elch, H. P., (1957), Effects of chronic exposure to X-rays on a steady
state popUlation of Saeeharomyoes cerevisiae, UCRL R~port No. 3763,
2-60 • ' 



66 


Wels, P. and M. Oea.m, ( 1925), Effect o! roentgon rays npon )"J&S t cells, 
Arctl. gea. Ph;yaiol., Pf.llgers, 207tl56-164 • . 

Winge, 0., (1935), On haplopha•e and diplopba•e tm .some Saccharomzces, 
. Comp. rend. trav. lab. Carlsberg, &r77-llf . 

Wood, T. a., (195~), Reproducibility of X-ray survival eurves for yeas t 
cells 1 P:roe. Soc. Exptl. Bio.l. end Med. ,!!!:446-452 • 

-------·-- (l9J4), lnfluene.e of tempenture and phase !tate on X-ray 
send t.ivity of yeast, Arch. Biochem. am Biophys. ,E:l57-l74 • 

Wyckoff, R. w. G. an<:l B. J. Lu;yet, (1931), The effects of X-rayts , 
cathode, and ultraviolet rays on Yl'ast, .Radiol. !Ztl171-ll75 • 

Zirkle, 	R. E. and C. A. Tobias, (1953), Effects ot ploidy and linear energy 
transfer on r adiobiological survival curves, Arch. Biochem. and 
Biophya. lt7.:282-'06 • 


