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Dr. Tobias, in hie introduction0 pointed out that the advz..ntagetJ of~ «F.•· 
as a test organiemtl for radiobiologi~al studies have been re«::ognized fo: :~1-:.n~ 
years. Na.dson. and Holwedt and Lacassagnen more than. 30 yez.:·e ago, p!!: fo:::c.:.!l'' 
many of the early experbnents with this organism; induding studies of ?~•:; •;io\c;( 
and lesb.~l effects of ra.diation0 and modification of these effects by ':ha;· 3c ' of 
variou"" biological and physical parameters. A few years later 0 Wir.g(.;. •. :.....~ J_.,·u" 1~cn 
«16» developed techniques whi«:h made possible genetic: analyses in yee!.st L: •tc1.h.g 
isolation of single spo~es and hybridization by pairing of individu,M spore.:" E::.i'l 
later 0 Lindegren (7» disc:overed heterotballism in certain strains of yeavf: r'.ncl 
also des\\:ribed the first linkage maps foi' Sa.ccharo.~~iia" Th®I.H~ expe'f,'imf!n.::~ 
established a sound ba.ais fol" genetill': etud!os-;:nyea:et: @.Il at the S@l~e f:im~·; m;., d1'i:l 

its signifi«;an~e as a ttlotc organism for Zl:'a.dioiliological experiments mo:t:e ·:.:-vr.dr··nt, 
The series of foul" talks whi.ch W® have heal'd tod~y dul'i'ing this symponfx~m 
eel'!tainly ~Uest to thisa 

lin the time av~ilable to me today0 Jr will affi'!mpt to summad:r.e ~nd i?'rh .p<:~ 
relate at lea at some of the mate:rdu p1:e~ented ~-n thee® four ~JH';~Hent t<eillt:?. ,, :).nd 
in addition dis«;uss some :z;oelated experimentaJt results,. My diae:u.seion wf}.l be 
divided into two sections: I» a diaeusaion of the va:dous manifes~ations of 
radiation dGa.m~ge in yeast; and II) a «;cnsidelfation of modifk~tion of these 
dam@l.ges by Wl§l.ll."iations of physi(I::O=G:;hemi((;:al m1d biological pa~§l.metel':"so 

I. Nature of Radiation=Indult!ed Dam@l.ge in Yeast 

In Table I ait"e summarized a number of fo~ml.il of ll"adiation damage whkh 
have been obeelrowed in yeast" and these are tentatively dassified into lethal and 
non=lethal; genetic and non~genetico The manifestation of radiation. insult moat 
frequently studied in yeast and also in most othe!' micl:Jroo:!fganiams employed is 
t:ell death. That this is so is pel'fhaps due more to the ease of assay than ~o a 
aimplidty of causative fadors. Magni in his talk discussed various studies 
aimed at descdbing more specifically the forms of damage which precipitate 
«:ellular death in yeast. Qualitatively it can be concluded that bo\ch lfe<.eessiv~ ~mel 
dominant leth;d damage are induced in x=ir~adiated yeast and that these aj~e 
Fesponsible for a prindpal fraction of cell death a Howe'\·er v a significant po."f:ion, 
~t least of haploid cells 0 which are inactivated by X·?:r:ays do not ~~arry any 
demonst:!?able genetic damag~., The frequency of src~eostvo lethala ob6ervcd by 
Beam and by Magni «S» in. x=il?Yeadiated non=budding diploid ~ells also ifol much 
ll.owelt" fch&n would be eJtpet:ted if all h~ploid in~ctivation wel"~ due to f'.hia fo1•m 
of damag~" These J?eaults point to ~ significant poFtion of lethall damage in 
yeas~ ceUa whi~h is non=genetic in. or•igin. A pouaible ~81ncUdl1\te fo"!' .nt least 
pali't of this non~geneti.c leth.-d damage might be membrane dectr'udion o.a 
d.esc db«,d by RothE'tein ir.. hi:i inte~ e~:l':ing p~p~l? o 



.. 

That dominant letbals 0 alii manifested by deE-th c~ .. · fi1;f~lf.:,;'~'!~ .b · .. 1.1<::t' ·~:. '-' , 

one b:radiated and one unili."l"adiated cellv 2.':e genetic lc "'· ~;;;·esu:n:)tiotl ~-:: ' ... c·. 
findings in other biological syst~ma" Xt is quite pos::.ib}.e howe~-.rm , th.a:: .. : . "··· ,: 
a component of the dominant~letba.l damage is non=g~me:;ic in o;·if:Sht au !':rt,,x1 it1 
HabrobX"acon ~ l)o Wood 0 during his talk0 introdu.ced. tb.e no·::ion tha~ 0 tho.\3h ·. 
cell survives r:adiation exposure it need not be fl"ee of 1:adiation eile~t.::::. .:.r.c'< ~-d. 
a number of such non=lethal effects have been desel?ibed dur~ing thio aym~ o:;l.u:·.-.:. 
and these are li.isted in Ta.ble 1 along with some additional eimils.r taffedD oi:H:Ie'""'~ r~ 
in this organism" Of the non<,lethal genetic changes induced by >:.o.diation <-l.~.'e 
point mutations 0 mitotic c?ossing=ov~arv and allelic E"ecombinatiol'l.o The l:;>.':1<L 
two o~cur in diploids an.d quite possibly also in higher ploidy cells" Poh1~ rnl!.i:.~ ... 'ono 
are induced by both J.;·~ray and Uo 'lfo but much more efficiently by the latte;:,o" 
Approximately Zo/o of the survivors of uv=irradiated haploid «:ells 1 1=0.,01% aur11·i:vaJ: 
form colonies which are entirely or pa:rtially <!!omposed of cells poaseeainJ 
biochemical requirements not present in the unirgoadiated cells ~iO)o l•A~ny other 
mutations affeding quantitative and other traits undoubtedly lal.re induc'''"r: h:.2i:. ~~D 
undetected because of the S.ll"!Feenling oystems employed,. Examples of 1uch. 
mutations have Ii'ecently been presented by James <S)o 

For diploid ~ellB 0 the other fol:"ms of non=letb.al genetic :::hanges vTht.ch 
occur indude mitoti~ clt"ossing=owell!' as deoel"ibed by James (4) folf ult?a=;:rf.ol~~t 
irn-adiation and by Pittman (139 and MoFtimer tsee Figo 1» fol" x<r:&\diation, and. 
allelic 2re~ombination as described by Roman and Jae;ob 0 S»o ~s a coilV(~~.uenr,;:e 
of mitotic cl'!'ossing~ove:r 0 a diploid ~ell heterozygous for a genetic chaKacte:r: 
gives ?is~ to two daughter celle 0 one homozygous :r:et;eeusive 0 and. the otb.e1f 
homozygous dominanto The descendants of theae two cells foJrtn opposite r:H:~~-::to~e 
of the resultant colony" Genetic markers farther from the centrome:r:Q .~;J.f@ 
more susceptible to induced sectoring (Fig" l)o On the t©asis of r.esulte obt~ined 
for one c:h:rromosome arm i!;ad2»u and a.seun'ling simila,r effede Ol\:~urring on up 
to 16 (!hromosome ar~ma 9 it can be shown that a dose of );OvOOO I' :!fel)_~lts in 45o/o 
of the SUl"Viving cells with a.ltelfed genomeso io eo 0 100 t.l ., «1=0o03S» J 0 Rom~n 
and JTaceob «IS» have des~:ribed an extremely radiosensitive effed for diploid ye~ut 
that is heteroallelic for mutations at 411. biocchemica.l locus 0 Relatively sm.aU 
doses of ultFaviolet :c"esult in a very large increase in revell!'sion fco wild type of 
these cells 9 pFEHiumably due to intra=allelic re(;ombinationo This effed also is 
inducible with X=E"ays t.see Figo l.y and is perhaps the most l"adioseneitiwe effe(!,~t 
known in yeiltlsto A dose of 75 roentgens resuHe in a doubling of the frequency 
of :reevertantso 

It is important to emphasize that both mitotic crossing=ovelf and allelk 
Te"ecombination oceuF with conside1rable frequency in diploid yeast c~lls for do~es 
of Xc,I""ay or ulti'aviolet that cause 1relatively little cell death" 

Ilo Modification oi Radiation Damage 

Ao Physi«:o=ch~:mical Modifica~~ 

Nood 0 in his talk has des~E'ibed his extensive atudies of modification of 
X'~diation sensitivity by <1;banges ~.n ph~se state0 tempe1!."atur~ and deg~ee of hyih·~\fdon" 
Therle atudieft have been con~e;rned almost ent.ix-e!y with lethal ~ffed:s of x=Pays 
on ht,;J.ploid yeast" Itn gener(.".l U can by ~ummed up that ch&,\ngea which ·~eoult in 
ceUular dehyd"P.&tion ~educe the ~enoi~ivity of the cell to :X=ll"a.yao These r~t~oulta 



are vcer,oy fundamental to interpretation of primary ra.cHa:ion p~·or~ .!H!\C -~-,\.: \1~1"3 
disc::uased in relation to a model based on l"adical action co~mpa;<~d ":o on~ n·_om:' 
on modifiable direct action. Obvioualy0 as Wood stressed" mo:.e · . .,ot'k h still 
neceesary reo define precisely which if any present model c,an be £-pplied •.o tLc 
primary processes of cellular inactivation. 

The large differences found by Hutchinson9 et alo (6v fo.: inactivc<'ion of. 
diffe'l!'ent enzymes in wet and dry yeast are indicative of spatial effec::ta t:lvit rn.od:fy 
indirect action. In this light9 it would be of con9ide:~rable intexest to undt-H:talte 
various physico=chemical modification experiments on~ sped:r:llm of other r:z.~io= 
biological donmge in yeast. In this :respect it ~!:an be mentioned that the OJ!:Ys~n 
effed0 which was dis~ussed by Wood0 has been observed to apply in typical fashion 
in yeaBt to lethality0 dominant lethality «9) 0 mitotic C!'OSSing=o'l!eif (1 }.) 0 nllelic 
Fecombination 1H)0 and genetic l'feweFsion (3)o In all these ~~tHH~, an appl?01dmate 
two~fold "dose reduction" has been obserwed when celle are x~ir:~radiai:l$cl\ in 
nitrogen as compared to air. Howeve:r o there are many indication& that the 
"doee~reduction" :fador varies somewhat with the expel'imental conditions ;.nd 
aloo with the criterion of :radiation damage. The anomoloue oxygen effed dis(-::1.HWed 
by Rothstein foF membrane damage certainly is of inte:n.-est and pointe ag~in to 
inadequades of our even fairly complex modelao 

Bo Biological Factors Modifying Radiation Dama.$e 

The resistance of budding yeast to the effects of x=rays as deGcribed by 
Beam is of great interest to the unde11'standing of :tradiation phenomena in yeasto 
Within a few minutes of the appearance of the bud during mitotic division0 ~he?e 
is an abrupt and very large increase in lf'esistance to X=l"ay=induced lethalityo 
This resistance persists until the bud is of consi.de:r.-able sizeo It is of interest 
also that budding cells are 5 = 6 times more resistant to x=ray induced division 
delay «Z». It would be valuable to know to what other effects in budding yeacf; 
this radiation immunity applies. Beam has shown very deady that diploid cells 
in the state of budding are immune to recessive lethals and if this is applied to 
haploid cells can ac<r:ount for their extreme l?esistance !to :!!'adiation.:.ind\;\c®d 
lethalityo In this »:"espect0 some preliminary experiments of MoE"time:tr (Tfl'oble 2: 
show that budding <eeUs are no more ::resistant to x=n-ay induced dominant lethality 
than are non=budding cells; in fact 0 most of the lethality in budding ~ella can be 
ac~ounted foF by dominant lethals. 

The ~elation between radioresistance and ploidy has been dia~uased on 
many oecassicns previously and Magni in his excellent talk gawe a welfy dear­
summary of this subjeeto The data available czenera.Uy support the ~onduaion 
of an ine:trease i11 resistance frombo.plo\41 to&ploM. or t:riploid followed by a 
pFog1t'essive dec1t'ea~e in l!:adiolfesist:ance with further in~~sasea in ploidy" The!Gf,;;l 
findings have been explained by a de~rease of ~ecessive lethal ina~tivation 
a~~ompanied by an increase of dominant lethal ina.~tivation with inc:rea~ing genome 
number o Superimp()Sed on this general ~elationship of radioresistance 1u1d ploidy 
b.ow~ve'if an-e vall"iations in ~esistance between ot:ra.ine of the s~.me ploidy ( l-2'), Thur; 
ploidy &nd divhnon Bt<i!.ge alone are not the only cellula!; pa:~ram-ato~o conh·olling 
1radiosenottivity. Some of the possible explanations for this va:rd.abilityo induding 
deg)ree of h¢lte~ozygoeity" were discussed by Mngnio 'rbe evid2n<C:~ whi<th he 
)];'~pol"ted fo1? g:eni«:: <'~ont,rol ovex the mode of ltc·'ifa.y hl<.M::tiv~tion wl"ing a att&!.ge 



of meiosis ce1~t~.inly is of g:.;;eat inte:.;;est in this respedo ~ h.~c- ·~ :>J ,. ~ r· • 
genetically cont;;-olled stoekau is still ne-:essary to fu.:ol;· a.: ~)} o~,· ·:' ; ~.i . ., : : _ '· 
ar.ea of. resear~ho 

' I~ '• 
' ~ ,.,JI 

In closing~ I would like to express the b.ope that mo~:e !J~: ~~,_~ .:::·.•.,::! ?.;·: .-:f 
physico~chemical and biological modification of radiation "7eopcn~e i::: ·:~~ · .:_. 
will conce~n themse:n.ves 0 not only with lethality0 but !C:onsider: in p~ra.'J.,::· ,J\.'. i.: 
effects as reversion~ mitotic aegregation0 division delay e.nd ph]fliologi.• ':.1 
effectso With such studies interrelations should be poaflible anc our ins}iJht 
into the :radiobiology and genetics of yeast greatly incJ?eased~ 
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Table I 
~-----·------------~~~~-- - --------·-~-·-------. 

Manifestationa of Radiation Damage in Yel".e'i: C~ll:'l 

~ r Lethal -1~-~~Non L..zt':.al 

-,-----~=-i---::-1.,..}--::R:-e-c_<a_s_s":"iv-e--=l:--e-t"':'h-a"':'l-~~---,- l'l Bior.h-;~~r.a!--;_;,-~~~~;,;nc~·-' ~­

Genetic 
etc" muta<:ion:l, 

Z» Dominant lethal 

~===== 

l ., Memb!'ane destA-uction 1 

Z~ Lysis 

Non·-, Genetic 

Table 2 

Dominant Lcathale in Budding Haploid Yeast 

A" Budding !=ell (37 .5 krad» x Non<~budding cell ~0 krad» 

No. of zygotes = SO 

No. of viable zygotes = 15 

Frequency of dominant lethals in budding cells 0. 70 

Ba Budding t:ell «37 .5 k~acil) = alone 

No. of c-alls = 53 

No. of viable celle = 16 

Frequency of le\l:ha.ls in budding cells 0. 70 
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FIGURES 

l. Upper G.raph: X= t•ay survival curves fo:~.· the three dip;.oic: :. t- · ~ur~<: 
-- -heferozygoui1 for different adenine loci. 

Lower Graph: Per:centage of diploid c:olonies exhibiting thz ::"wez.:i· '! -~~>.,:c~ 
··-~~=rwro.re=and. sectored» ae a function of X= ray dose. Tile :iiploiC .• ·_·_ :".:: : .. 

used were singly heterozygous for each of three morpho1o!ji.c'.,~:t:: 
identifiable loci concerned with adenine gyntheeis :(Rom.~" 14 ·" :.~·.o : ·: --:: 
the val"iant l!':olonies can be shown to be a eonoequence cf. mitotL· 
crossing=over. 

Also included along the abedosa of the lowel? g?.aph is t. C\.\rYe 1. 

the absence of variant diploid colonies when only the domh'l··nt 
haploid pa!'eut of one of the en-oases was b:radiated immedi(,".~c> ;:, : i")~:~.~ 
mating. 

l. X= it'ay induced allelic t'ecombination ~ 15) at the ~rg4 lo~us in Sacc!!_::~·_?_:~..\o~c-.:.1 ~-" 
The curves flhow the frequency of a:r:ginine independent cofonie§ a:·~ •\:::~ 
from cella of each of three a:rginine defendent croseee., Ea.~b of'':.:: 
crosses contains two mutant alleles of the arg4 locus. One ia 
homoallelic for the arg4 = 1 allele0 and one io h4?moallelic: forth= :""'.~~ z 
allele. The reve1raion f'req11endes of these cultures is indit:a.t.~ti 
in the lower curves «int«!:rpolated from values at higher dos~n~o -z:1.e 
upper curve is for a culture hete1l'oallelic for the two alleles un·t:. L :..-nad.:i 
higher frequency of :reversion ia obeervedo This pa.raU.els do~e;:J th.~ 
results reported for ultraviolet ~15j • 
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