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Scope nd Cont nts ot Thesis: 

studies ot certain eco1ogic&1., ch.ncal, and 

physical tactors as they aftect ascospore tormation in bakers' 

yeast. Especial attention ls given to the ettect ot carbon 

dioxide, oX)"gen, temperature, and cell concentration. The 

ability ot 43 yeast cultures ot dittering types and geographical 

sources to tona. ascoapores on three sporulation media is compared. 

Variations in the numbers ot &scospores tor.aed by isolates tro. 

a comercia! yeast package &s well as in the progeny ot a single 

isolate were observed. A practical hibridisation method is 

described. Baaed on th tindings ot these stUdies a technique 

tor the preservation ot yeast cultures is suggested. 
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SMIES ON ASCOSPO . fORMATION I &AgQl!ARQ«'CIj KE!EN 

DlmooUCTICIf 

~e tollCNJ.na 8tu4i •• wen undert&lcen pri.ur:lq to In ..... Ugat. 

the atteett. ot Qartatn ertf11"Or..mtal. facto ... upc>a &aCOIlpO" t .l'II&t1on SA 

yeute. Aslde Il"OII the P'lftl1' aca4..s.c 1nt.erut 1Dvolvecl, weh etw11e. 

haTe .. ccoai4aRble pnctlcal Hv1ng OQ ~,. tQbr1d1sat1oa, and. t.o. 
.u1ntenance ot stock culture •• 

h abU1t.y1o to .. aecoapona aD4 the "haracteriat1,ol ot th ••• 

'pore. are ..,01" cnteria in the claaa1tica\1On of 78-'8 accol"ding toth. 

SkUing-Dekker .,..t. (:37). teut. oapable 01 toaing &aco~N.aJ'e 

placed in the order Indc.;ycetal.. of the ,.CQI,yC .... , whU. the DOn­

aporogenous ',,"8t8 are incllldt4 in the ord.r lfonU t .1.. 01 the rung1 Ia­

pertecti. Thi- pr1m&r7 .eparation ot \he lpo.ropuoU' and non-8'po1"Opnoue 

yeasta 1. conaon to IIOet other clua1tloation., a very NOellt exaIIpl.e 

beiDa that. ot Wlckerh_ (42). a.cau •• ot \be illtlmf,y of lDduc1ng uoo­

epore tOl'll.&tion 1n eoae 7OUte, 1rrtgularit1e. 1Q tuoaca1oplaceMftt ba.,. 

occurred. Por exaple, Dl4den. and Loc1der (6) to\lb4 9 7 .. '1 that WI'e 

able to rona asclift a a1"O\1p of about 300 culturu p....n.ouaq ola,eeltlec1 

.s "l'lon...apoJ"Ogenou. 1J l)y swll1n,..o.kkar..lt. Ie ... e11.clent that turtber 

knowledge ot the con41tioM that go.em .. aeo*PO" toru'lon would usut 

at rialq in ta.xonom1c, .twU. ••• 

Recent advanc • in ".ut. en.t1cs haft stJuulaW int..re.t in the 

phellClll4mOn WJU&ll7 nt.rred to 1n the literature &8 Repol'Ul&tlonlt I but 

JIlOH precis.ly tel'llled &aCo." to-.tion, in 7 .... t. A. euppl.y of 



-2-

Mcospore , or of h p101d cell resulting Ir the endnatloD ot single 

. eoapo • 18 necessary 1n b7brid1zat1on at.udie.. rue topio will be 

d t el ewhere in this thesis. 

S ral thode ot pres ye t Qulture are C 01'1l1 practiced. 

of b t:.. ... v cells on aolid and. Uquid 

po ition at dU'terent t_peraturea, a. well 

!!l a0\10 1n .. dl"1ed state. example, of 

this latter e\b 18 ' be lyophi pro y Rog H (31) in 1914. 

The.e ethoda haye cert.&1n diaadva.n\a a in that tbe ,.ecO'n17 of act.i.1S 

cultures .a1' b dirt! ult, or t . t aeeoa r' ton wq occur' rendering 

the cultureo genetically leas stable. AtJdns , o.e. and Gray (3) haYe 

recently report that approxfaately 99. ot th yeaat cella in culturea 

repared by the lyo 11 techni ue eS •• crib h3" lckerh and Andrea.on (40) 

tailed. to sumy. th treatment. Furth ftK) they noted a high incidenc 

of varlanc in behaviour of vitalized culturea. It would a. that a 

definS. need.xi t. tor a a tbed whereby' .toe cultures ot ,..aat m1ght 

b. utnta1ne<1 without genetic change or losa ot Y1abUit,y. A etuq ot the 

conditione affecting ascospore tonatlon coul.cl contribute to aolYing this 

proble since it ght sugg.st ways ot pr.venting aSCQ.pore onn tion an4 

thus render cultureo lIlore table. 

h t and Mrak (27, 28) haYe rec nt.l¥ re com r hena1v d 

Critical reView ot the literature dealin with the phenomenon ot .po1'Ulation 

in th tam117 caycetaceae. 'l'bis 80 an exte Iv review of t.he eubject 

unnece sa17 here J and only est dies oearing dir to follow will 

be cit d. 
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(33) d Ree$ (30) d serib d th of c(')$porea 

ot t.he nvizoomnent 00ndl tiona neces6EU7 tOl' their tOJ.'D14-

found that vh wine st was trans! rred tFom grape 

at to a 01 t1 n conta1n1ng only ~ ount ot sugar,ascos re 

te ' atieR took lac ; howee' that substrate ot v ,etable t.-1 ' ue 

. upported the dev 10 nt. ot a cospores.. It was, bowe .... r, el (U) in 

1872 who 1ntrodue d a thod ot to aacospore. in v getative cella 

upon ' gyp . bloc which, with some 41t1c tiona, is still cOIIIDIOnl7 

ployed method. The greater portion of the llterature dealing "11th 

&scospor torm t10n is cone.reed mainly with the «ovelo ent ot more 1"e­

liable m thode ot 'bt ainin &sco re and toilow, in eneral, the same 

approach to the problem. as was adopt.ed by these tl1l"8e early investigators. 

In 1898, Beijerinck (I.) described a technique 1n which he induced. asco­

spore formation upon a ahed. agar Jled1wa. Later, 1n 1908, Gol"Otiko (12), 

recognizing th dlsadvant&g a ot t 8 pta t r block thod, reco ended. 

edt c ad ot SMJ.l amount of sluco ' s, beet extt-act, ·ancl .odium 

chlorici $ a aporula.ticm nedi . • McKel (2;) induced a cosp()re tormation 

with a weak ca..-rot extract agar, whit more "cenUy Krak,att and 

Douglas (26) e ad a vegetable xtl" ct · edium., prepared 11" , carrots, 

bEJffts, potato 8 and. cue: her., &8 a sporulation mecl1U11l. Wickerham!1!:l. (41) 

and LindegNn and Lindegren (22) haYe investigate4 the valu. •• or cOJDDtercial 

mixed vegetable juicee and several truit and Teg_table extracts re peot1vely, 

Wlckerh. end hie co-workers neo_ended. the addition ot baker t yeast to 

Henrici'8 V-8 jUie agar (41) pN ared rraa the juice ot eight vegetables. 

The pa wa . adjusted to 6. 8. 'lbe Lind.grene eugge/Sted the uaeot a pre-
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spol'Qlatlon ed1um of b~ t la nd root wi tb 

~p cot Ju1e aDi grape juice. A liquid ec.tiwn 00 ta1n1 

lie ta.t.e ext e vas developed by Stant!al (3S) in which 

at 1"0 dUy t d pores. In further stud1 S ant 

Elder (8, 9, 10 t und that a. relationship e to Jdat 

numbers or e 11 ' and. tb llquid cul 

of d tl"OSe and 20 .. ot sodium aceta 

odium 

atilt'" 

tb 

resent 

in a given vol e of Dl.edi With app1"Oxitn tely 20 lUi ion cell., high yi lde 

ot sci weN Obtained. That. 1s, the actual velUM ot liquid is not .. 8 

important as th r tio ot the concentr tic ot th 8 c cal to the 

nwaber of cU. by d.er and ployed in the rk 

reported here contained. 0.04: dextroa 

in distilled tel". 

o. anhydrous ao<11U1l c tate 

In vious 'WOrk (1, 2) tho writer COlI. . rulat10n dia con-

taining ee te ttl tb certa oth r spaNl tlen :r:l d1 nd concluded that the 

tormer WEre rior. It 0" 
et.h04 by substituting 

and sporul tion edia. 

the cella trom he cult 

sibl to 8ialplity th Stan lal-' del' 

in p ce ot tb iquid PI" ... po 

cee ityot t11tr tion t • 

at the 8 till llowed the direct 

tran ter' ot c s to poru! t.iOD ad.1U1l without th adj\usant of c.811 llUIIl-

b rs &8 rec b,.. Stant.lal Md Elciar. 'tl\. soUd sPQNlat.ion edlum 

contained o. tro a, O.14~ anhydrous eodiua acetate, and 2% 8/gar. 

Uuring th entlonod tudi e ceria1n ob en-attons weN de 

I" gard1 th it ct, ot envi:roruaent on asco.pore formation on aoetat.­

datro e media. The findings of St,&nt.ial. and Elcler that the concent.rat.ion 
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yi.l.! 0 

cone 

at in of 

01 

the efleet upon aco8pOr 

of cell 4 .. ~ 

-s-

ttee 8 of 

atent,1on b • 

the conGIhl t10n 

t1on. K on (13, 14) 

• t~ 

1 · round peatealy in 

tui tlon t t.his f, tor r mo.' WOlloiteJ!"8 

iW'lt 01 aiJ' 

8BUN to tf.c . 

• 11\e ~ ()4) 

Hill t1y ac141t1 vat r (0. flboaphol"1c 014 neu~l"8l.1. 

bydroxid to g1 value of 5 ). 

in the aolution. 

cella 1ncubat..ct wit out. air; S 

tainiftg Uqu14 porul. ti.on ediWi yielded h1 

1 • ot ail" 

t.l:lb " con­

ot a.coe He 

when t be eultu ., we .r (10) 1 t ~ SIlOW81l \ 



.. 6 --

a small vol e of eul t.ure auspension in an ~rl"'7e~ flask (wheree. COft­

sid. ,ble surfa.ce area existed) g :ve c -parable ;y1 ld or sci to tho e 

obtained in rooked tub culture. 

ton (21) .tound a cospore. in he ou t' pan. ot ye at cake8 and yeast 

colonies "spect1vely. wh l"G b toter aeration ot ceUs OCCl1r8. It.1 inter­

estln t.o note ttl t m1xtUl"ea or a.ir and thyl alcobol vapon, and ail' and 

c !"bon diox1d exert at1 inhibitory ettect u n aacul,t formation, ac.,oJ'dina 

to 8right, Dixon and WhymJ)el" (S). The result. of Ran •• &l and Lind gren 

and Hamilton · gtlt possibly be 8XJ)l&1ned on the aai. ot 1nhlb1t1~ b;r 

carbon dioxide or spol'Ulation within th t cakes and colonie • 

'!be etr t ot t r tu:rr. 8 a t ctor in co 1"8 to tlon has 

alao b en 8 ud.1ea, U"t1cUla.rly with respect to the m.a.x1mwn and min1mwll 

temperatur - t wich porulation ocettrs. S vera! worker bave <1 tel'lldned 

\be low r ranges ot t ratu~ at iob asco po aN torm6d b 41ft rent 

at 'brains. LataI' {18}, d S I'tblng the character! tics ot asco.pores in 

a general tat! e on yeast. j llst. th ""ulu ot theee studi 8. by d1tferent 

wore non ot Whom abs rv d. ascospore formation ~!ov 300. 

Knowlecl of th fleets of environmental factors upon "0 paN 

formation permits of v1d.r control ovr their pr uotion. Thi is . pol'tant 

1n bl"c~g or developl new t.rains ot yt .1no_ hapl.o1 cella 1'"e re­

quired tor Cl'Ossings-e. tact th t ha been d on.t.ratJ>~nd hie co­

workers (45). Up to 193,; th formation ot SCOilpOH in the '8nua 

however, showed that baplopbas and diplopbaa occrurJ"Etd in this genua and 

that a8eo pores were ot haploid nature. Two other workers, Knds S tava 
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(17) and Satava (32), had described the proces. as ear17 &8 1918, but ince 

their work was publi.hed in Czech it went unnoticed untU the time of 

1nge's pub11cation, when the two de.cripti-oll. WN brought betore the 

Sixth International Botanical Congres. in Alutardaa in 1935. Winge "howed 

that in a co.pore tormation a diploid cell underlOe •• eioai., and the re­

sultant ascospores are haploid. further, it was shown that th se haploid 

" spores, or yegetative cell arising troll th ... by copulation or lusion 

initiate the diploid state or the vegetative phase in which the ceUa are 

again able to sporulate. This demonstration of alternation of generations 

through the existence of haplophase and diplophue indicated that the 

MendeUan prinCiples of genetic a a8 establ1shed froa the atud7 of higher 

plant.s 1I1gbt al 0 b appl1cable to yeast". Winge and Laueten (44) showed 

that segregation takes place in bakere' ,.east and concluded that only 

cultures obtained traa lin 1e a"cosporee can be considered. to be pure 

cultures. Barring JlUtation8, IUch cultures theoretically will rema1ngene­

tic all,. unchanged. lor these studies inge and his co-workers, employing 

a Ddcraaanipulator (which allowa ban<U.1ng ot individual aacosporee),went 

on to d.onstrate art1ticial apecies bybricUution by crossing a baking 

yea at with §. validua (45) and later, on the buia ot their tomer studies, 

to ' J produce 14 new hybrid". ,,0lIl8 of Wiicb were inter-varietal, 8(11e 

inter-apecitic, and one inter-generic. Seae of the.e possessed iIIlproved 

qualities for industrial purpo.es. 

Lindegren and his associates in the United State. have m.ade notable 

contributions to the biology of yeast, certain 01 which are at variance 

ldth the . concepts held b7 inse. The interpretations by Lindegren tor 

certain of his findings have recently been discussed by Winge and Roberts (46). 



L1mlegl'\m '. dlacovery in 1943 ot two tinS t7P8$ in §""dla.£S!!11t9.~ 1. one 

ot hie moat. 1mportant cont.ributions (19). 'lB., th04 plolecl in t.11.. h7-

br1d1ae.tlon experiment. ln~ol. d t.he ad.ldn 01 Y g tattve baploid cell 

eJuape11siorut do1"1 v rna t.wo ascospore8 'o.f 'Gpposi t . ating t,1P8S t.o eJ.low 

ev.,.,. opportunit.y tor Insione batween haploid cella to. o.CCUl·. '.lb$.& pro-

cet:itlre was .naed '-lI48. mating*' by Lindegren. A review ot his Work on aaUna 

tyPe' and o.t ot.her nl.te<t .tudie,e (.20), as weU I.. 6 later 8UJItIW".Y of hi. 

more .recent work (2';), baa Mea pub11.beeS b7 lJ.ndeBl'8l'1. 

' rora tb at.W11 •• _de by both th. lag. and IJ.ftdesren ,roup. it 

baa been eatabllehe4 conclualvely that blberitance and g.net.lc b.havio.ur 

in yeast. 1. a1a1l.ar to tbat ob.ervect 1n h1&h.r planta. Further, it. baa been 

c1euolT daonltrated, that. yeut. b:rMdlng work can "e conducted in a manner 

alike in principle \0 tha.t-now pract.ioed wi til hlcber pl8nt... ff1bridlp-

tion i8 oonditioned by t.b • .....uab1U.\7 o.f ........ IiI the ca.p ot yeasts 

the.e M1' .,. e1the .. ueo.lporea or baplolcl c.Ua arl.ln, rna pnt1nating 

ascospoNa. In the ... ultant. fU8ions \he production of typel dUter1na traa 

the pare'" 0.1' p&l'I8nte lollowe. Knovledpot the factors lO'ft1'!1in aac.o.pore 

tormation ehould provlcle means 01 Gbta1.n1ng great.r 7 i $ld8 of asco.pollee 

than hereiotoH. '1b1. e1gbt l-.d to the dev.l.OJl88Rt ot a , .. thod tor rapidly 

obta1nbig baproved industr1al. .t~a1n.. Such a •• thod would lnvolve the 

to.llovinBI 

1. 'l'h IlixtuN 01 urge nuat>.Jt$ ofaacoaporee obtained tl"aa on. or 

several ,train • 

2. Art,. ,allOWing t1ae tor thetue10ns to ocour tbe mixture wuld 

be _POled to & • leotive e ilvlronment. in Which tbe grow th at 1mPl'Ovad 

t1P8& will hi) ta .. ourod. SUcb a method ., b valuable) tor lnatabc , 1n 
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the ci v 10 ent of etra1n3 wi tb. ineN ed tol nne to aulp UI' diOlt1cie i 

or other toxic substances 1n indunr1al te ent tiona. In these tudie, 

th po db:U1 t1' ot ploy1nS dUch ethod ill invtlstigated. 

MSTHonS AND MATERIALS 

The teras "sporulation lled1ura" and "pr.-aporulatlon lHdiua" are 

found extensively' throughout. the text. The tOJ'llller Jlle&n8 any peeial med1ua 

_ploTed to indu.ce ascoSpore tOnaAtion, and the latter reters to a medium. 

on which cella are DNlt.1pl1ed before be1ng transferred to a 8porulation 

med1um. 

Sporulation ed.1& aplO1 were (1) a liquid sporulation mediura, 

prepareci by d1 aolving O.04~ 4atJ'oae and a.loU anhydrou. eodi'IDI t.cet.ate 

in distilled water. I t will 'be ret rNd t.o herein &8 aeetate-daxt.ros8 

801ution. Thie mediwa 1s essentiaUr tbe aam u t.hat _ployed by- Elder; 

(2) a aolid sporulation me41= ' to be reterred to as acetate-dextro eagar) 

prepared by adding 2 agar tG (1); (3) water agar, prepared b,. the addition 

ot 2:g gar {Dileo} to distilled _tel'.. Deijer1nck (4) used a similar agar 

and this latter 1. presuaed to be eOllparabl to 1. t. All med1 were steri­

lized. in an autoclave under 15 pound.. steam pressure tor 20 minut 8. 

The Jre-sporul.atlon aedia were Ca) Nutrient Agar (Ditco), to which 

vas added 5 dextrose and O. S~ tutaric acld. 'l'be tartaric &oid was ad.decl 

a loJ sterUe solution to the dextrose nutrient t.g&l' after steriU~atlon 

and just prior to its ule elther in petri diahes or teat tub II, (b) & e41UJ1l 

eompoaeci ot ~ agar and commeJ'Cial grape Ju.ice" the latter contain1ng &p­

J)J."Ox1JaatelT 5' grape augar. 

Stoek cultures ot the :reasts _ployed in the.e studi •• were prepared 

at'ld maintained on grape ju1e agar slants in the following mannerl trans tel's 



ot each strain re 

aft r 48 hour at 

u.p all zoe stor 

-lO -

in a.upllc t to grape juic 

cultures" rcaa.1n viable tor 10 

Ph7 lo1ogical our. 

r slants, an4 

8 ad toon 

bat uch . oU 

\in1. aa o\hl"W1 of c 11. 0 .ta1n1n 8CO~ 

SpONS in culture on ac ta .-dextrose ~ar was est 

OX'08Qopie a ot 400 0 Us in an aqueou au peneim p d 

by adding ' ter1le water to tb cultul" l4nt d With Wire loop tr- ein 

th C 11 ' tram. the I r aurtao • 

uti packa&ee are :rarely tree fran bacter1al 01" fungus 

oontaminant · and even with tbe dUutton- plate JUt-bod tbe poe lbU1t7 etiU 

exlata ot obtaining a e1ngle cell cul\un t.bat. 18 cont&a1nated.. In the 

early tag of th1 work, besides ua1ng aeldit1ed a to inhibit the 

dev 10 ent of bacterial oontwnant in the ,"-sporulation cultivation 

ot the yeast, cultures re otten waahed r-epeatedly in S~ tartaric oid, 

and replated on acid.1t1 glucose fl t.r1.nt. e.g rot' grape-juice agar. 

It was lat. r found aimpler to purif7 eultu~. by sub-culturl.ng on 

a di oontaining strop in, (dihydro-atre toIa,.vcin sulphate, til- . ,and 

Co., ava1la.ble 1n ampoule., 1 p. at" t.om;yc1n qulvalent. to 1,000,000 

unit.s ) . stock solution - - pre red by adding suttie1 t ot tb 

distilled w: tel' 80 that 1 ale va. eq~valen\ to l,0001ntematlonal. units. 

'!be stock solution waa added to the cultu med1 8 required to give 

concentrat10 ot '0 unite pex- Ill. ot aediua. 

Vo tattive cell. emplOT d in th preparation ot sporulation cul­

tures ra subcultured. at least twice on pre- opol'Ul.at.10ll medi • When 
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cultur e in cetat -dextrooo Dolution are prepare t h eell umbers par 

. r adjusted b7 eans of ha cc ometer. The ratio ot c lls to 

sporul tionecii r _ d stat 1 in t I tl"O-

duet-ion.. Aceta.t. -cl xtroa ag r cult 8 ro p _pare coord.in to 

Dl thod described: by th writ r (2). In th t m tllocJ. the vGgetaUv cell 

r subcultured tnae on porulation edt and th tr terr d 

24-48 hr. old; cultures 4i ctly , by muno! wire loop, to th ur-

slants. In 

ot eo118 

'" r was dispensed in; . in test tub ., and 20 ml. volUliles in 

petri d1 hee. When sing test tub aultuN. mo'Wn vol: a ot tern 

water wae added to the tube t the oonclusion of the exp rinlent. 

cells re tr ed from the gar surrao with wire loop ancJ. the concen-

tration ot th c Us 111 th r ulting 8uspenaion va d rm1 ed by eAnli 

or tri dis culture th tollowin thod 

e opted tor 

agar surfaoe; 

tin the maber of c 18 that would remain on th 

Aoetate-ci xtrose ar plat s flood d 1; th 5 ml. ot c 1. 

pension ot known d . ait! • Arter ten minu th xce 11 uid was 

drain d otf by inv rt1ng the pl teB at 1'> Inter pap r. In prelim1n ry ex-

perlm . 1 t tound . t pproxiQ t 1)" ono- th ot fj cell floode 

on a petri dish would in on th ar surface alter draining. l'hia 

conolusion a.rrived at in th tollold.ng manners Haemocrtome er Co 11 

count re made ot sus 81 RS betore and attel' nood1ng, aa "'" platA 

counts on plat flooded. with dUut ns1ons. Direct. micro copic 

count , or oelia on · repNeentat • number ot fields of pl.. fl.ooded 
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with heavy suspensions were also made and the estimated total number of 

cell per plate va arrived t by calculation. The results thu obtained 

were comparable and indicated that approximately one- fifth of the c lls 

flooded upon a petri dish would remain on the agar surface tter nooding 

with 5 1Dl . of suspension. 

Throughout these studie frequent use is made ot the haemocytometer 

tor determining the concentration of cell suspensions. It is important to 

realiz that in estimating cell counts by this method an error of 5% may 

be expected (38) , the error obviously being dependent upon th number of 

cell involved. 

The procedures followed in certain experiments relating to the 

effects of pure gases and gas mixtures on ascospore formation are de cribed 

in the text with these particular experiments . 

1 . 

EXPERIMENTAL 

t 0 ASCOSPORE FOB)~TIO • 

(a) Effect of Cell Concentration 

The effect of 6 cell concentrations on ascospore formation by two 

bakers ' yeast isolates on acetate- dextrose agar wa investigated. 

P tri dishe containing 20 1Dl . of agar were flooded with 6 different 

concentrations of vegetative cell suspensions in the manner de cribed in 

ethods and Material . P trio dishes containing 20 ml. of water agar w re 

also flooded with th am suspensions . The estimated numbers of cells 

remaining on the plates after the excess liquid was drained off are listed 

in Tabl 1, with the yields of asc1 after 14 days of incubation at room 

temperature . The experiment was conducted in duplicate on aeetate- d %trose 
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a ar. OnG aries ot plat ea usin w~t r g r 

'PaDl. 1 

Stteet ot Cell Concentration on Aloo.po" Formation 

Atter 4 daT. incubation, the multiplication ot s1ngle ceU' on t.he 

surtace ot t.he agar plates cont.a1n1na :relative17 tew cells hac.l occurred 

to .uch an extent, that saal.l. colonies were noted adcro8copically b,. both 

reflecteci and transm.itted light. Microscopic examination of the t.hree 

series otplat •• containing relatively greater numbers of ceU. 8howed. 
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that v"ry little multi lication had tao'en P '\Q. H or ald t a 00 -

porss weI's obtained freD both stra' llJ on plates conWnin the '\ or c 11 

concentr tions. It lilOuld e tbat thE) n bar of ascoapor~$ tamed i 

rlat ed to the number ot cell per unit volume ot d!- . 

n experimsnt :Jimilar to the t or egoing was conductec1 i n wh1cb 5 

cell coneent r tl0l\S ot t W<l other ast traine w re emplo d . In thi$ 

experim nt a No. 1 cover gla s (22 • x 50 rum. ) 

ot ach petr i dish at ter t he excess c 11 sua eh - ion he. b en drained ott, 

80 that by microsco 1c obaerY' t i on 1.nmtediate ccmp riaon ot as Ospo 

tol1D.ati on eould be m. till be'ween c · Us 8XpOe.d to t.he air and. tho e under 

inCJ?8&sing desnes of e.na •. robiosis. 

A. shown 10 Table II high yields 01 .. 8cosporea w re obtaiMd vi th 

strain 1, where t.he concentration 01 caUs was 28 ldll10n or ore pel' 20 

Ill. or .ecU., and wi. th t.he stl'"ain 2, high 71elde were obtained in 11 

concent rations, though th.. vere ewbat hi bel' in the heavier concen ... 

trations. as train taU t o orm o08pores to extent on water 

agar, strain 2 behaved ve't'y d1tte.rently. s1 Ying higher J'ields as the con­

cent r t 10n ot cella upon thtt medium d,1m1n.lebedl !he torego1ng t'tlft!) e ri ... 

mente agree in that a r la.tionahip i. ind1eated. bet.en the nuabel" of-

ceU. per unit, volum.e of d.1ua and the yield. of a.coapores. Preta the 

tables 1 t. 1s apparont also that tbo re1& tionahip 18 not ot the 8 • order 

for aeh ,east strain tested.. 

Observing dir otJ.y tho cells beneath the covel' g.laesea i t waa 

seen t hat in ph.t ea containing high cell concent,l' t ions ve·ry lew, i t any, 

acoapor 8 wer formed; but t the lower concentration a ascospore f ormation 

did occur, though le88 than where the cells wen exposed \0 the air. When 
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table II 

Ett~t ot Cell Concentration on Ascospore Fo~tlo~ 

train 1 _____________ ,._._. _______ . __ ._-· ________ ----~---I'~-------------

Estimated Million 
ot Oells per 20 mI.. 

oj ot Medium 
U5 57 28 14 

Percent Yield Asci atter 14 Days at Boa. T~perature 
, , 

Acetate..ne.xtro58 ')1,29 30 .. 28 35,35 20,17 Agar 
28 2S 30 12 

Water Ag,..- ° 1 1 1 
I' - , 

S\l'&in .2 

Estimated Killione 
ot OeUa per 20 Ill. 100 50 25 12 

ot 1~ed1wa 

Percent Yield Asci atter 14 Day ... t Rbca T~ratur8 

Acetate~extro.e 
Agar 

Wawr Agar 
'. f . 

9',98 
61 

10 

7 

7,5 
4 

1 

66,60 
65 

8' 

ascospores did develop beneath th.e covel' glaese8 they were taOre abundmt 

near the edges. 'fbi. suggests that the avaUal:>illtT or air may govern 

&acospore formation ill the cells beneath the cover glueea. 

(la) Ifleet o.r Gaeeoua &1v1ronment 

In the prece41ng experiment evidence was obtained to shov that 

aeration. has a direct bearing on ascue totmation.. In III ertort to .x .... 

plain thi etfect, further ex;perbaents were conclucted. 
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(i) Ascospore Formation in Acetate-Dextrose Solution under 

V&rJiDg ConditiolUl of Aeration 

An experiment was conducted to investigate the degree to which 

the presence or abaence of air aftected ascospore tormation in a depth 

of med1U11. preY10usly shown to give high yields of ascospores. Employi.ng 

approx;1matelyone million cells per ml.of solution, liquid sporulation 

cultures 'Were prepared in vials (4 m1.. capacity, 15 DD. x 45 DIll.) to a 

unH'orm depth of 5 JiJ1'JI. Ten vials fitted with screw caps were allowed to 

stand at roo temperature (not tightly sealed 80 as to allow gaseous ex­

change). Ten similar viAl. were tightly closed to restrict aeration to 

the air contained in the vials. Sterile paraffin oU was 1qered on the 
I 

mediUll in 10 additional vials to prevent aeration of the cmltures. 

Series 

t 
A¥"tight 

n 
Airtight 

III 
Airtight 
plus 
Paraffin 
Oil 

Table III 

The Comparatl," Eltect on Asoospore Formation ot 

Varying Condition. ot Aeration 

Time of Individual Vial. Yields 
Incubation ot Aaci in Percent 

7 days 49 44 48 52 45 47.6 
14 dara 66 70 77 57 70 68.0 

7 days 33 24- 10 24- 13 20.8 
14 days 34 25 2S 25 15 25.4 

7 days 10 11 10 9 12 10.4 
14 daT8 23 29 15 30 17 22.8 

Stand. Stand. 
Dev. Error 

3.2 1.5 
7.3 3.3 

9.3 4.1 
6.9 3.1 

1.1 0.5 
6.7 3.1 



- 17 -

Fiv cultur s ot e ch seri s w re examined atter 7 day incubation 

and the r maining ti ve vial ot each series were examined atter 14 day 

uninterrupted incubation. The yield ot scospores trom the J serie of 

vials i shown in Tabl lll. Higher yields wer obtained tr those viala 

not tightly capped. en the dat wer subjected to stati tical analysis 

it was seen that no r al differ nce existed between the percent ci after 

14 days in Series 11 and Sarie lll. However, igniticant ditfer enc 

did exist between S riea 1 and both other aeries . It i evident that when 

aeration ot sporulation cultur s was intertered with, ascospor formation 

w s decr ed. Thi m8¥ be cause one or mor of th co ponent of air 

is required tor a cospore formation . Or it may be that so aubstanc 

produc d by th cells and prevent d tro eacaping by th paraf'fi~ oU and 

the tightly screwed cap , inhibited sporul tion in thia experiment . 

(U) Eftect ot Four Gas ou Enviro nt on cos po Fo tiOD 

by Thr Y a t Strains in Acetate- Dextrose Solution 

To inv stigate further the effect observed in the pr c ding experi­

ment porulation cultur a were incubated in tour g aeou environm nts . 

C 11 uspensiona in vial conta1n1ng cetate- ciextros solution, &s in the 

tore going experiment , were placed in sealed cans of approximat ly 1 litr 

capacity, provided with i nlet and outlet valves . The gase ployed were 

oxygen, nitrogen, carbon dioxid and air. The ox;ygen and nitrogen us d wer 

obt ined fro co rcial cylinders , while the carbon dioxid waa gene rat d 

by adding hydrochloric acid to 80d! carbona • The nitro en contained 

0 .1 - 0 .3% oxyg n 8 n impuri ty, while the ox;ygen contained 0 . 5% nitrog n. 

The gaseoua nvironments were renewed daily, by pres ur, th th r spect-

i v g e 8 . Th1 procedur i ott n -- (page 18) 
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reterreci to aG "sweeping out".. Three yeast strains we"te incl"ded, and for 

each combina.tiQn of yeast strain andgaseoU8 enrlronaLent there were four 

cultures in vials. 

Table IV 

itt.at of 'our Gaseous EnYironaent. on Ascospore Formation 
b,.. TbNe Yeast Strains in Aaetate-Dextl'O,e Solution 

Afte" 14 Da.ys at Room 'l'apere.tur. 

Yeut. 
Incubation Percent Mean Stand. 
Atmosphere Ascl DeY. 

<h;ygeD :34- 30 25 23 28,.0 S.O 

Nitrogen 18 16 12 8 13.5 4.4 
StN.1n 

I Carbon 
0 0 0 0 0.0 0.0 Dioxide 

Air 43 41. 37 40 40.2 2.5 

OJc:ygen 42 38 32 26 34., 7.0 

Nitrogen 24 20 1S 10 17.3 5.9 
Strain 
II Carbon 

0 0 0 0 0110 0.0 Dioxide 

Air 49 4.5 41 38 43.3 4.8 

(bq'gen 48 4.1. .3' 30 38.0 8.1 

Nitrogen 18 12 10 ~. 11.3 S.4 
Strain 
III Carbon 

D10dde 0 0 0 0 0.0 0.0 

Air ,S SO SO 60 61.3 13.2 

Stand. 
Error 

!III 

2., 

2.2 

0.0 

i.) 

3.5 

,.0 

0.0 

2.4 

4.1 

2.7 

0 •. 0 

6.6 

The reault., of this experiment are 8\DIIrlIQ"1ced in Tabl.e IV. From 

the table it would appear that the ditf.rence between treatm~t. 1. s1gn1-

fic~t. 'lbe highest yields of ascospore. vera obtained. from cultures 
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incuba.t d in ir. Cultures lneuhat.... in the pro anua of oqg n alone 

to 
a 

aoei 1n greater nunbers than those ineub eed in nitro on iron-

ment. 0 ecospore were tound in &ny' cw. ture incub ted 1n an atmosphe,re 

of carbon dicx1de. 

fee of Four eou ,viNnmcnts on Asco por Fonna.tion by 

1'hree Yea t strain on c , tate-Dextroae a:r 

To d e wh t.h 1" thea ass .. would hay th 

Ileco pore to tion by cells on olid medi an experls t ,similar in 

de ign to the toregoing 8 conducted. 

Petri dishes containing ae t t -doxtrose agar re inoculated 

with v getativ C Us in two ways-by flooding and by streak1.ng. Tb tor­

er method required t.he pre r tion of an aqueous c 11 suspension nd tb 

lat.ter the direct transter of c 11 from glucose nutrlentpre-sporulation 

agar to t he porulat,lon medi • Fairly he ~ but \h~torm treak inoculations 

were made on the sporulation odium pla.tss d the aqueouaeell s\l8penslons 

were pl"epared so as to leave ppFoxizD.at.ely 20 mUlion cells resting on the 

surface ot the med1\iQl atter t.he plates were drained. of th &xc S8 suspen-

s1on. Th cultures were incubat.ed in bell Jara at room temperatu~. In 

t.h bell jars the plat.es, 1 aa the top', we" staoke4 sO that eaoh plate 

surface waa freely exposed to the particular gaaeoua enVi1'Ol'Ulent. This 

wu accorapliahed by plaoing two glasa rod. bet,.,.en each plate. 'lbe gaaeous 

environm nta were renewed b,. pressure, daily, with the respective gases. 

As in the preceding ex;periaent, no aacospore. were produced in 

4ny culture incubated in an atmosphere ot carbon dioxide (Tabl V) . All 

thre yeast strains bell v d -.0 or lea in a .bdl.ar m.anner. eo spore 
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yields on no tat -de.xtros sporula.tion medium re again oonsistent17 

higher in • But, while in the preceding experiment yields or a 00-

spores were higher in olq'gen than in nitrogen, this was not alway shere. 

'table V 

Eftect of Four Gaseous Env1rolllenta on Ascospore Formation 

by- 1hree Yeast stra1na on Acetate-D«Xt.rose ABar 

Percent Yield ot Aeci on Flooded Plates 
att r 14 Days at Boca 'temperature 

Yeast 
Incubation Percent 

Mean 
Stand. Starul. 

Atmosphere Asoi Dev. Error 

Qqgen 12 12 8 10 10.5 1.9 1.0 

itrogen 18 26 23 25 23.0 3.6 1.8 
Strain 

I Carbon 
0 Dioxide 0 0 0 0.0 0.0 0.0 

Air 41 40 33 38 38.0 ,.6 1.8 

Ox;ygen 22 31 26 28 26.8 3.8 1.9 

Nitrogen 24 30 25 22 25.3 3.0 1.5 
Stra1n 
II Carbon 

0 0 0 0 0.0 0.0 0.0 Dioxide 

Air 36 35 30 33.7 3.2 1.9 

Oxygen 24 29 33 40 31.5 6.8 3.4 

Nitrogen 22 25 23 30 25.0 3.6 1.8 
Strain 

III Carbon 
Dioxide 0 0 0 0 0.0 0.0 0.0 

Air 45 45 37 42 42.3 3.8 1.9 
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Table V (cQnttd) 
, 

Percent Yield or Aacl on Streaked Plat •• 
after 14 D&78a1o Roaa Temperature 

Yea.st 
Incubation Percent. 

He&n 
stand. stand. 

At;mo.phel'e Asci Dev. Error 

Oxygen 33 37 36 43 37.3 4.1 2.1 

Nitrogen 22 22 23 2h 23.3 1.9 1.0 
Stmn 

I Carbon 
0 0 Dioxide 0 0 0.0 0.0 0.0 

Air 40 4) 44 48 43.8 3 • .3 1.7 

Ox7gen 33 36 37 41. .36.8 3.3 1.7 

Nitrogen 4' 4' .31 41 41.3 2.4 1.2 
StnJ.n 
II Carbon 

0 0 0 0 C).O 0.0 0.0 Dioxid. 

AU' SO 50 43 48 47.8 '.3 1.7 

(;).q'gen 52 54 56 57 54.8 4.9 2.5 

Nl1#l"ogen 30 30 35 38 33.3 4.0 2.0 
Strain 

liZ Oarbon 
0 0 0 0 0.0 0.0 0.0 rliox1d., 

Air 64 57 0; 66 63.0 4.l. 2.0 

In two instancee out ot 6 the mean value. at aac08:pore yields were higher 

in nitrogen. 'The practice of streaking cell. to inoculate sporulation 

medium was seen to support &8 high yield. ot ·&8Cospore. &8 the other 

method describe(! (tlooci1ngpetrl plat.s with & cell suspension). 
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(iv) Etr ea ot varying concent rations of Oxygen, Carbon Di oxide, 

~~ i t rogen on Ascospo Formation 

Th obviou implications or t he r sults obtained in the prece.ding 

e luents were inve tigated in a mor e intensive st dy or the effect 

of t he three gases ,---oxygen, carbon dioxide, and nit rogen-in varying 

cone ntr t i ona, 0 ascospor e t o tion b on~ y at i olate . 

For this work a gas mixing panel designed p~ tor other 

work waa gen rou 11" made availabl e by the Hortieul tural Experiment Sta­

tion, Vineland Station, Onta.r1o. A detailed deSCription ot thia apparatus 

will not b given here, aince it. will be described els81!lb by the desig­

ner, Dr. J. H. L. Truscott. The apparatus ukes possible the JI1x1ng ot 

two or three gases in varying cOQcentrations with a reasonable degre" 

or f acility and accuracy-. Nitrogen was emplO78d as the dlluting gas with 

both ox;;rgen and carbon diox1de. In addition, _ploying an Oraat apparatus, 

gaa analyses were made before, dUJ'ing, and at the end 01 the exper1ment. 

t o check the coJDpOai tion or the gues passing over the cultures. Streams 

ot pure gas .01" mixed gaaes were pasaed cont1nuou817 tor a 7-day period 

over vegetative cells on the surtace of acetate-dClXtroae agar slants. 

In Pigure 1 ., t he procedure followed to provide the particular guea is 

outlin d. The cylinders or eoapressed gaaes (1) ar9 connected to re1.uetion 

valves (2) whereby" the gaa pressure is redueed to 0.5 lb •• per sq . in. 

'!he gases t hen flow both to the mixing pane~ (3) where the different Ddx­

ture8 are made J and into separate line8 a8 pure gase. The gasea are then 

pas sed throu8h hydrator (4) to the cultures (7), the rate of flow being 

regulated by control valvea (6). To proTide pure nitrogen free of ~gen, 

the nitrogen gas was passed through a wrogallie acid absorber (5). 
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I 

2 3 , 

t---O-

schematic diagram showing the manner in which pure 
gases and gas mixtures are provided as gaseous 
environments. For explanation see text. 

7 
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the composition of the compressed gases in tbe cylinders 

was: Oxygen: - at least 99. 5% oxygen, and up to 0.5% nitrogenJ 

Carbon Dioxid :- at least 99. 9% carbon diond with a trac 

ot air and moisture ; 

Nitrogenl - 99 .9% nitrogen, 0 .1% oxygen. (The foregoing data were 

supplied through the courtesy of the manufacturer, Canadian Liquid Air 

Co . , toronto . ) 

Although nuctuationa 1n temperature were within the range 18.3- 23·C., 

the temperature remained tor the most part close to 21- 22·0 . 

In determining the percentage of ascospores tormed, units of 100 

cells were examined, at lea t five such units for each tube . With the 

apparatus , it was po8sible to employ at one time 7 gases or mixtures of 

gases , in a ddi tion to compressed air . the data listed in Table Vl were 

obtained trom fIve consecutive runs of the apparatus. These data are 

pr sented in graphic form in Figure 2. 

As 1n the preceding experiments on the effect of gaseous environ­

ment, carbon dioxide inhibited ascospore form tion. At carbon dioxide 

concentrations above 25% very rew ascospores were round. The number of 

8scospores formed varied inversely with the concentration of carbon dioxid 

more especially below 25%. When carbon dioxid was mixed with air (,0% 

carbon dioxide + 50% air) instead of nitrogen, ascospore fol"ltl&tlon was 

likewise prevented. In the presence of a rather low concentration of 

carbon dioxide , 3.6-4.2%, ascospore formation was reduced from 24.4% • 1 .8, 

(the yield in nitrogen from cylinders which contained 0 .1% oxygen) to 

19.7% t 1 .5. In nitrogen fro which the oxygen had been removed by passing 

the gas through a pyrogall1c acid absorber, the yield of ascospor s was 
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Table VI 

Effect of Varying Concentrations ot Pure Gases and Gas 
Mixtures upon Aseospore Formation after 7 OIl'S at RoOUl Temperature 

Number of Unit.. Hean 
Gaseous an Gas of 100 Cella Percent Y1el4-

Env1ronm.ents Ooncentration Counted 

Still Air*' SO 

Flowing Air 50 
Air plu 50% 

20 Carbon Dioxide 

Carbon Dioxide 10C>% 50 

72~!. 6.0 10 

42.9% !. 6.0 10 

40.3% t. 3.4 10 

31.6% ± 1.2 10 

29.9% ± 3.0 10 

2h.4% t 0.1 10 

24.U !. 0.1 10 

14.~ !. 0.8 10 

6.1$ t 0.1 10 

3.9% t 0.3 10 

CbtTgen 100% SO 

68.8% !. 1.6 20 

41.1% !. 1.3 15 

12.0% !. 0.8 10 

2.6% !. 0.1 20 

0.1% ** SO 

o •• *** 45 

* Slant.s not. attached to the apparatua 
** ~gen impuritY' in nitrogen OJdiDdera 

of A •• i 

39.4 

42.5 

00.0 

00.0 

00.0 

00.0 

0.5 

1.0 

. 11.0 

1.9 

4.5 

S.l 

16.0 

19.7 

37.7 

·48.1 

65 .8 

70.8 

67.7 

24.4 
16.9 

Standard 
Error 

1.1 

2.6 

0.0 

0.0 

0.0 

0.0 

0.3 

0.3 

0.4 

0.' 

0.8 

1.0 

1.5 

1.5 

1.1 

1.9 

1.8 

1.0 

1.4 

1.S 
1.7 

*** Cylinder nitrogen gas atter absorption of o.x;ygen bY' pyrogall10 
acid. 
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Figure 2. The effect of varying concentrations of oxygen and of carbon dioxide on ascospore formation. 
The horizontal dimensions of the points in the graph represent the r ange of variation in the 
gas concentration observed during the experiments. The vertical dimensions represent the 
standard error of the determinations of the percent asci. 
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16.9% t 1.7, indicating that ~g n may not be essential tor scospore 

formation . However, wher a very s all amount of oxygen was present 

(0 .1% as in nitrogen direct trom the cylinder) ascospore formation in­

erea ed to 24.~ t 1 .8. 8 the coneentr tion of oXfg n increased, the 

yield of ascosporea wa . also increased until at 11.2-12. $% a yield of 

70. 8% t 1 .0 was observed. But at higher concentrations of oxygen a co­

spore tormation was depressed. 

It may b concluded fro these experiments that "aeration" favours 

sporulation in l' 8st in two waist (l) oxygen exerta a ::;t1mulating effect, 

although thi ~ ga seems not essential, and (2) aeration removes carbon 

dioxide produced by the cells betore i t r aches an inhibitory concentration. 

!he latter is evidently t he more important ; since in air plus ;0% carbon 

dioxide sporulation was not observed; yet this mixture would contain about 

10% oxygen, an aunt that, according to the graph, would be very stimu­

lating. 

(v) Effect of edue d Atmospheric Pre sure on Ascospore Formation 

Vegetative cella of three bakers ' yeast strains cultivated for 48 

hours on grape ju1c agar were traneferred to acetat - dextrose agar slants 

and incubated at 23-C. for 14 days under normal atmospheric pressure , 

and in two desslcator jars in which the air pressure was reduced fro 

760 mm. to (a) 580 mm. and (b) 200 mm. Both conditions ot reduced pressure 

were obtained by th use of a ash HYTOR vacuum pump operated by a 3 H. P. 

electric motor. The appearance of condensat on the inner surface of 

the jars indic ted that they were saturated with respect to water vapour. 
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The yields of ascospores for d under the thre conditions of 

pr saure ar shown in Table ill. In theee enviro ents ot lowered ox;ygen 

tension, large n bers of ascospores I re tormed. The yields, however, 

were le s in th partially evacuated jars than thoae obtained fro cultures 

incubat d under normal air pre sure . A considerable number of cells in-

cubated under r dueed pressur exhibited a tendency to develop into 

elongated ceUs. th reby losing their characteristic elliptical ahape. 

Table Vll 

Effect of Reduced Atmospheric Pressure on Ascospore 

Fo tion by Three Y ast Strains on Acetate- Dextrose Agar 

Percent Yield of Ascospores aft r 14 Day at 2le -23·C. 

Ye st 
Strain 

ormal. Air Pres ur Air Pressure educed Air Pressure R duced 
of 7WJ • to 580 • to 200 • 

1 

2 

3 

77 

75 

75 

78 

77 

83 

80 

80 

85 

60 

45 

56 

60 

50 

58 

62 

57 

63 

This condition vas more noticeabl in cells held under 2 

38 

42 

36 

44 

45 

42 

48 

46 

47 

• of pressure . 

It is conceivable that th normal physiological b haviour of th ceUs 

may similarly be modified, interfering with scospore for tion in the 

cells . In many cells where ascospore formation occurred. t cospores 

were observed to be in a linear arrang nt-- a condition that i not cammon 

in _ . cerevisia . This point is of om taxono -c portance . Po per \t!5) 

observed th t the Lindegren sporulation procedur gave two types of sci , 
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Tabl VI II 

Yield of A cospore f Cella 0 Th Yeast trains 
St aked n c tate-Dextroae ' ar and Ineub ted. 

in Diftused Daylight and 1n the Dark 

Type of ~rcent Asci Atter 14 Days at Roca T_perature 

Str 
Yeast Inoculation In DUtueecl Daylight In the Dark 
Strain of Plate 

Stand. Stand. 
Count Mean Error Oouata Mean Error 

Light,q 57,60,62 56.0 1.7 64,71,82 66.7 3.1 
57,50,55,51 59,61,64,63 

1 Heav1l¥ 67,68,70 68.4 1.7 8),8S,85 77.6 2.9 
68,67,77,62 67,71,72,82 

LightJ.y 52,60,64- 48.3* 4.2 68,71,77 61.3* 4.7 
35,38,45,44 47,52,47,61 

2 Heaviq 68,67,72 65.0 1.6 85,75,88 75.4 3.7 
63,64,61,60 64,6;,69,82 

Lightly 40,49,54,57 50.0 3.7 58,67,69,74 67.0 3.3 , 
HeavUy 60,61,70,74 66.,** 3.4 66 ,68,76,84 73.5** 4.1 

* Rot aign1.ticantq different 
** Hot aignitic t17 different, 

Table II 

Effect on Ascospore Formation of IJ.ght aD4 Heavy Inoculations 

Percent Yield of Ascospore. 
Yea t 

Hel.d in: 
Inoculated. Lightq Inoculated HeaYil1' 

Strain 
Mean Stand. Error Mean Stand. Error 

1 
Dqllght 56.0 1.7 68.4 1.7 
Dark 66.7 3.1 77.6 2.9 

2 
Daylight 48.3 4.2 65 .0 1.6 
Dark 61.3 4.7 75.4 ,.7 

Dql1gbt 50.0 ,.7 66.3 '.4 
Dark 67 .0* 3.3 7'.5* 4.1 

* Jot .1gnitlcantq ditferent. 
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(d) Effect ot T perature on c spore ~omat1on 

(1) Pre-sporul tion 1> perature 

V gett1~ cells of two baker t y ast isolate r trams/erred to 

d. xtros nutrient agar lants IUld after 4S ho rs' incubation t 27. SoC. , 

30-'100., and 37.5OC. reap ctlvely, re traner rred. to slants ot acetate­

dextro a.gar and apt at 1"0 tempera.ture. '1'h concentr tion ot veget ttv 

eell on thtl sporulation med1um was between 10 million . d 14 million per 

. ml. or edi in all culture tubeo. '!bis was detel'lDin nd of the 

riment by the method d. cribed in the Methods am. erials. 

perc . t yields ot sci atter 14 . in Tabl • It 

will b not th t P" porul tion 'r_<:lIM"-rature ot 37. SOC. se ed 1 

tavourabl tor subsequent soo pore tormation th n t . perat,ul"ea ot 3O-)lOC.; 

01" 27.5°0. 

'l'abl X 

Efrect ot re-Sporulat10 '1' per ture on Subsoquent 
Ascoepore 'oraat1on at Boom Temperatu.re atter 14 Daye. 

Preeporulation Percent Yield of Asci 
~rature 

strain 1 t ain 2 

Zl. SOC. 48 55 47 42 42 

30.000. 45 45 49 54 56 

'7wSOO. 13 15 1 6 7 
. hiOi II'! . • V 

SS 

58 

10 

Vegetative- celle did not multiply on the pre-pot'Ul..a.t.lon medium. 

at 37.50 C. as rap1~ as did th oell growing at the other temperat~.a, 

nor did they have the general IlOrphologlcal appea.rance ot the latter ceUs, 

be1n g n rall,. eaaewhat aller and 1n DI&JlT instances IIOre elongated. 
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(11) Eftact of Ch1lllng Sporu1atlor1 Cultures on laco.pore FOl'll&tlon 

etate-dextro e slant cult.ure. of three bakers' yeast ieolate. 

'Wore chill. at -].8OC. I -J. SoC. I 2...;0 • # and 4. SoO. tor U. daT" then 

h urth r 14 day. t to perat.ure. The result.s vere 8 an.eel 

in able II. 

b1 

Eft ct of Chilling for 14 D&)"8 on SUb.equant. oospore 

Form tion on Acetate~ro. Agar 
, . 

e ture P l'C nt 8c1 ter14 ays t }lOom . ture of 
Obil ... 

(oc. ) Stn1n 1 Strain 2 Strain :3 
J - .... I ........... , . 

4.5 Sl 58 52 60 53 55 SO 56 67 

2.5 44 50 55 '2 48 3S 45 ;6 52 

-3.5 38 40 31 j9 44 33 55 48 40 

-18 13 12 10 2.3 31 34 38 34 30 

Control at oom 
1 per tUN 68 60 65 6e 70 63 74 72 0 
tor 28 Days 

ult s whicb ere ;~ o th lower t pera. cUd not rield. 

DW'I¥ a.scosporos as d.id thoait chill cl to 2. 5°0., BUggesting a relat1on-

.hip between th c1em.'titl of ohilling and G b equ nt t.ion . 

Tb. table includes th cont.rol oultur kept at roaD. t _ r t.U,l"$ tOl" 2 Qaye_ 

From microscopic -examination Or 
ar d that crta1n Wlt o1~ cell 1nJur.r h 

of lowt perature. Some Vid.tlnce 0 p)..aClllOl¥a18 was obs Ned in he cul­

tures incub ted t -lSOc. 10e-.o17 tal within the me4ium, at the low t_-
peraturea, were noted. macro cOJ.ic~. Since at th lowar to peratures 
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of chUling aeeuay1elde were leea, a po.aible etfect ot low t_peratu." 

chilling 18 that cella are killed, t.hus reducing the number of cella t.hat. 

could tora ascospores. 

(ill) Eftect of Varying "'_peratures on Ascospore 'oraat10n 

Frequent reterence 1n 't.he literature has been made to a t.perature 

range (20"'3000.) in which .ttampts at inducin& anoapore tormation are IIOre 

likely to wcceeel. However, w:lth a tew exceptions \0 be dealt with later, 

no critical studies have been lmade ot the t.eaperature 11m1ta within which 

.scoapore formation occura, or the nuabers tONed at tho.e t_peraturea 

tor &1\7 particular type 01 yeatlt. 

Twelve bakers' yeast 1110lates prevloua17 subcultured on presporu. .. 

ut10n ae4il.l1ll 01 grape juice ~:&r tor 4$ hours _" tl"arleternd to acetate­

dextroee agar slants tor incubation at t_perature. ranging trom -23.,00. 

to 37 .5OC. The concentration elf veptatiyecella on the sporulation media 

vaa appl"OJdmatel3' 10-20 JdillOlll cell. per JIll. ot ucl1\IIJ.-& conotlltratlon 

that haa, in another e:x.per1.D\ent" been ahown t.o give ,atistactory 71el.de· or 
ascospOres. Maintenance of unltol"Ja condiUons of t._perature and high 

humid.1 ty' throughout the 14-da7 period. was aa.ured in the foUowing manner. 

Culture. at temperatures below 2l0el. were. incubated in cabin.,t. speclaJ.q 

designed tor storag purposes, :respiration exper1llenta; and related stud1e •• 

'nle relative humidity in theee l~ab1net. vas maintained. at 90:1 01" higher. 

Cultur-es at temper t.UNS above :nOC. were kept in incubators. 'l!hrougbout 

this experiment, the temperatUJ'tts did not vary more than to.50 0. 

In Table III the yields ot ascoaporea are g1 Yen tor the 12 cul ture8 

employed in th1a experbaent. Hc. ascospore. wre obseI"'Yed in cul turea in­

cubated tat_perature of 34.~,oO. and ~ an occasional a cua was 



- 35 -

observed at 32, :200. while no &8ci were observed at, 6. "oe. and onl.T I' "17 

at .9OC. With the e strains of ye st the optt.ua t rature tor sporu-

lation s to b traa 15.600. to rt. 500. 

Table ttl 

t ot ot ~ .... tUN on S008pore 0l'll&t1on 
OIl Aoetate-Dext.rose Apr 

pe tun Pel"Cent Asci atter 14 Days 
of 

Incubation Yeast Isolate Ruaber 

00. 71 81 91 72 82 92 73 83 93 74 84 94 

-23.3 0 0 0 0 0 0 

6.7 0 0 0 0 0 0 

8.9 1 1 1 1 1 1 12 14 3 

10.0 1 , 4 

11.1 10 12 7 1 10 ~ 26 23 

12.8 17 12 20 

15.6 40 57 25 59 52 61 23 42 41 

].S.3 44 76 43 ~ 25 22 64 60 49 

21.0 75 80 66 69 70 76 

24.0 60 65 , 
~.5 52 55 44 

30.0 28 'Z1 26 

)2.2 2 0 1 rare J'I&re rare 

34.4 0 0 0 0 0 0 

37.5 0 0 0 0 0 0 



(1v) Effect ot Te rature on the Rate or Asco pore FOl'IULtion 

TNo other b 81'S' 7"8.8t 1.olates wzoe tested in a siDdla.r manner 

to the foregoing to d.et8mine wether u~o.pore formation would occur at 

temperatures aboy and below those t whiCh eporu.le.t1on took place 111 the 

preceding experiment; 8 ould fohe 1ncub t10n period be extended to 28 dqa. 

Cklo cult.ure of each ,treJ.n at. aell ~pent.tUl"8 'Wu examined atter. 7 days 

and 18 d rye. After 28 days all the cultU1'G8 weN examined. In thi. W&7 

the te ot sporulat.ion at dUt ren\ t . pe:r&turee could. be ocaparecl. 

'lb.. results of thee. exam1nations are Ustecl :\n ~ble nIX. and 

are plotted. in Figures' and 4. lM.d.entlT &eCoapoN tOl"Jl&tlon was delqed 

at the lowe. tperature.. At 7' clays at 8.9OC. or l.ae no a8cl -" ob­

served in e1ther strain. b t after further incubation 0."0' ;re. we,.. 
formed, a.a low a. 4.400. with Stra.1n 1, though ftot below S.9OO. in Strain 

2. However, at 8. ~C. th1s latter strain yie140d about .~ cospores 

attar 28 days. 1h1s gradual !ncNAes 1n: aacoapore numbers d1d not obtain 

at 34.4°0., at which terape1"ature no a co spore 8 were ob8e"ed. in 1\ber 

etrain after 28 days. It. would: a ipOU that the upper limit tor sporulation 

1. WJry det1n1t. sine fairly high numbere of &ecoapozoes were noted at 

33.300. eyen atter 7 4ays. Fr'Oa the d.ata the optimum l" e tor sporulation 

would seem to be bout 2O-2SOC. 

Compar1ng the e re8ults with tho.e of the preoeding e.x.p riment,. 

gradue.1 decrease in t.he numbers of aeoo pores wi t.h lower temperatures and 

a rp suppression of ascospore tormat.1on near the max:1mua temperature 

were comman to both. However, the mu:111D1III temper&turo a ed .Ughtly 

lower in the preceding experiment. 0 iblJr strain dill renee 18 

re8pon 1ble. 
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ture on ra FO!'lll6tion in 
• Tee. t I olate t. •• g6l" 

lncub tion Pe1"C Itt 
nture 7D 18 28 

!l - - ~ 

OCt 
.1 .. 

4.4 0 0 0 0 0 0 0 0 4 4 , 1 
0 0 0 

0 0 0 0 

&.7 0 0 0 0 0 0 0 , 1 0 
0 0 0 0 
0 0 0 0 

. 9 0 0 0 3 1 1 0 1, 12 11 9 
16 12 11 e 
1S 10 9 S 

16.1 2~ 24 19 1 47 42 40 4- 47 ; 4J 3' 
,38 36 3S 32 
4S 7 44 42 

24.0 67 66 6, 60 63 , 61 56 10 70 65 59 
61 61 55 
1 sa S7 56 

21. 5 S9 S6 5' S2 73 71 6, 64 77 n 70 66 
4 01 

11 15 15 66 

33. ' 3' 35 , 29 2, 21 18 24 2' 22 
22 21. 16 l' 30 26 24 

34.4 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 

00 0 0 0 

...... ....-.". ..... ><ff' ... -~-......--..-- 'p 

, .,......-_ . ... - --
ConUn on next • 
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an (e t'd) 

r ot of If an Ascospore Formation in Two 

Bakers' Yea t Ieo1 tee on Acetat -Dextroe gar 

Incubation Percent Aeel After 
TeIIlperature 7J)~ 18 Day8 28 0 :r 

; . 

°C. St.rain 2 
L _ l ) 

4.4 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
0 0 0 0 

6.7 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
0 0 0 0 

$.9 0 0 0 0 14 13 9 28 Z7 rt 2S 
20 20 16 13 
18 15 13 10 

16.1 24 22 22 20 4 40 40 39 SS 53 S2 51 
54 " SO 46 
;2 52 44 43 

24.0 43 39 37 15 77 75 74 71 S9 , 8S SO 
83 82 77 74 
77 72. 72 68 

27.5 :39 32 32 31 54 S3 49 47 60 '7 56 54 
64 63 61 '9 

6 64- 61t. 60 

"., " ,0 26 26 25 25 25 23 24 22 19 1 
28 25 2; 23 
26 23 2l 2l 

34.4 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 
0 0 0 0 
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STRAIN I 

2 

TEMPERATURE • C. 

Figure 3. The effect of temperature and time of incubation upon 
ascospore formation in a bakers' yeast isolate (Strain 1). 
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STRAIN 2 

20 

TEMPERAT URE °c . 
30 

The effect of temperature and time of incubation upon 
ascospore formation in a bakers' yeast isolate (Strain 2). 
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(v) !tfect ot Retrigeration on AacO.poH '01'll&t1011 Rate 

In til. preceding exper1rAent it wa.a .een that with strain 1 in a 

t._perature ot 6. ,,/OC. 01' lower I &.coepore tOl'"J8&tlon did not OCQ-ur in 18 

day., but did occur wit.hin a tunbel' 10 day period. M. eftect ot low 

temperature on the rate ot a I'Ulation waa considered worth,. ot further 

invostigation. cCllllJ)U"i on was made of the number ot ascospores formed 

by t.hre yeast strain. atter 7 days, 14 days and 28 days under va.r;y1ng 

tf!llllP4'l" ture conditions. One .et ot a.cotat -4extrose a ar cultures was 

held at. ,00<1 ,whlle a second .et a. held t l"Oca 

• stored 7 days at. '00 .. , then beld at room teaperature tor a turth I" 

7 days, to determine it storll at a low temperatur such a 300. woUld. 

eftect sporulation. 

'l'be -perce-nt yol obaer'U'e<i in th ••• cultures at the abOv mentioned time 

lnternJ.a 1 lleted in Table nv and Figure ,. 1'hree conclusions a.re 

.ugge.ted by trese data, namelT_ (l) a seven d. period. 18 not suffiCient 

tor maximum yields ot ascospores &'t, ro tap ratur J (2) Hold1ng culture. 

beyond 14 days at tbis temperature d088 not .eem to inares. tbe ;yield., 

and (3) Boldin culture. tor a week at 300. <to II not aterially z. tard 

IUb. quent apbrulation at room tell erature. 

The amount ot porulation $ the low temperature eIIq)loyed (30e.) 

was 81111lar to t.hat ot the previo experiment in th t here &lao vel'7 tew 

asco.porea were tormed., and. etN1n variations were apparent. The ett ct 

of low taaperatul'e, prior to a ?-day period at tempera.ture, on aaco-

spore formation corresponded. clo •• l,. to that ob erv in the chUl.1ng 

experiment (p. 33 ) in -tl1ch oertain cultures were stored tor 14 de. 8 at 

2. ,OC. Whereas in the ohUl1ng experiact. • .11ght. ,auppl'esa1on ot allCo8pOre 

yields vas noted after expo.ure to t_pel"&tures of 4.'OC. and 2.SO<:. tor 
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14 days,no such ettect was observed in the present experiment in which 

cells were exposed to JOC. tor 7 days. 

Table XIV 

Comparison ot A cospore Formation by Three Yeast Isolates 
at Room Temperature (RT) and .3.0OC. 

Yeast. Incubation ercent sci Atter 
Strain Temperature 7 d&yI p 14 days 28 d.a7a 

Counts lean Counts Mean Counts Mean 

3.00C. 0 0 0 0 0.0 1 0 0 0 1 0 0 0 
0 0 0 0 1 0 0 0 1 1 0 0 
0 0 0 0 1 0 0 0 <1 1 1 0 0 <1 

RT. 34 36 37 40 55 59 61 63 50 58 60 60 
34 .35 39 43 75 77 78 82 63 61 68 64 

1 42 42 44 45 75 74 7S 81 71 67 70 72 58 
46 52 44 39 59 61 61 63 

7 days 51 55 56 58 
3.00C. 45 49 52 59 
7 days 51 54 55 61 54 
at iT. 

3.0OC. 0 0 0 0 0.0 0 0 0 0 0.0 0 0 0 0 0.0 
0 0 0 0 0 0 0 0 0 0 0 a 
0 0 0 0 0 0 0 0 0 0 6 0 

RT. 19 24 25 25 71 75 75 77 80 83 85 S9 
27 31 .31 33 61 66 74 76 91 74 77 82 
33 36 35 37 65 66 68 69 83 84 

2 39 43 47 36 70 83 
7 days 43 4h 47 51 
3.0oC. 30 35 37 37 
7 days 34 39 46 48 42 
at RT. 

3.00C. 0 1 2 2 13 14 16 16 15 18 20 22 
2 4 5 8 7 8 11 11 13 15 17 18 
1 3 3 6 6 7 8 9 11 9 9 10 11 15 

RT. 47 48 50 50 80 81 86 89 72 73 74 75 
51 53 54 61 74 76 81 83 79 76 78 81 
62 65 52 53 77 78 80 84 84 S6 67 72 
56 57 58 54 81 73 77 80 77 

7 days 43 45 48 50 
3.000 .. 42 42 47 ;0 
7 days 37 38 44 48 44 
at RT. 
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Figure 5. ~scospore formation in three bakers' yeast str ains at 
Room Temperature and at JOC. and in the same strains 
after 7 days at JOC. + 7 days at Room Temperature. 
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• 

(1) A Compa.rison ot - cospot"e Fo Uon by 43 y ~t ultures 

It 1.8 generally aceept.ed tha.t yeuU va;q in their a.b1.Uty to 

poru.1a. 8 on &n::f or the c only ploycd lUedi. SUch V< r1a.tion ha be n 

8llt1oned. on ev 1 oeca on 1..n , p ","odin G:.~ or! ante. It w there-

fore comsi ered of interest to compare the ability of dittercmt yeast. cu! .. 

tur to form co.po on aoetaw..(\fDit1"O • apr and on two other" media. 

An .ltJ>t'rlm~nt, in two parts-A and B, ' fJ es1gne<l to Qet mine 

the ran · ot var! . tiOD in 8800 pore tor . Mon ot,.. at f'r!ow. wi ely . pa­

r ted geographical looal1t1es. With the exce~ion ot 6 strains i olated 

tram plant ti sue , t hellie :reaetG were ot ome known industrial t"tanee. 

Fwr train had been identitie4 p~vlously by ot.her woz-kers. 

lb der of the cultu.re ware etudied taxonaaicall,. and aroup9C1 into 

genera (Tab _ IV); on the ba i of morpbolog;ieal and bioohe:n1cal ollar' e­

f, netic. accordins to the classifications or St lling-Dekk ,. (37) and 

DiddeniS d Lcd er (7). 

Clas8ilie tion of t.he oultUl"e8 • not always e noted baycn t he 

,enuo. It WAS t It that further .".p&r&t,1.on 0 the tr .in wl.1l in any 

case b unjustified, since 1n the e nsting classitication II Il8flT contra­

dictions and amblguiti.e. in d.,cript.iono are to\.l.D.d that it 1 Y1rt\U.ll.7 

imposible to separate one It.peeie." trtD another. Although t.h ae el.a.,si­

lications are accepted &8 cUl"nmUT the oat cOII1plete, it WI. not posa1b~e 

toeparate eyoral. strai..na into definite .peeie. for it was tound that 

though an 1dent1t1catlon might be made ~n a orphological buia th bio­

ch-.1cal characteristios observed. we" round to vaq with the deacrlpUone 

in th key.. With the possible exception ot S&oohal"OlqC.' the writer 
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Claaslrlcation or the 4.3 Yeast Culture a Studied in 'Ibis Experiaent. 

Reference Industrial 
Number Designation 

1 
2 . 
3. " 
4 " 

S 
6 
7 
8 
9 

10 
11 

12 
13 
14 
15 
16 
17 

18 
19 
20 
2l 
22 

23 
24 
2; 
20 
27 
2S 
29 
30 
31 
32 
33 

34-35 
36-39 

40 
41. 
42 
43 

rat Ie st (Fleisc n) 
Bakers' Yea t (Lalleuaand) 
9 cers' ~ at (S at) 
Tokay 1 

Tokq 2 
Tokay :; 
BIlrpndy 
os lle (1) 

Jere. 10.5 (1) 
Flo 
Moaelle (2) 

Port (1) 
Port (2) 
Port <3' ) 

gundy 
Jeres No. S (2) 
'l'o 4 

Dvey A · 
DaY.,.. B 
Davey C 
Davey D 
Roja Tempanillo 

Ger:n.an It;" 
H_Y'er 
Caetrucci 
Steinberg Champagne 
H. • Ie at 
White Wine 
Red Wine 
WUd Yeut 
Wild Ye at 
Wild Y lAst 
11d Ye t­
ile! Yeast. 

Wild Yst. 
Highrotein strain 
High protein strain 
High tat strain 
High fat strain 

Botanical 
Designation 

2 ... 

.. tt 

• a_ravia1.a var. 
llipaoid,eu 

• It 

" If 
.. It 

ft n ~. (?) 
M7cod ~ ap. (1) 
Saccb&ro!.rce$ ,_rwi .. 1 ... VU. 

lllR,oideu8 
n n 

" .. 
II n .. ap. (1) 

fI c rmeia.e ver. 
ellinaoideua 
c l"CV1ai:w 

" 
If 

II 

II 

II .. 
Q .. 
tI 

II 

at 

Rbodotorula sp. 
~!P4en1a8RO.t! • • 
S&cch!.!"9!.yCes ap. 
HysGtUJ1&8p9D ap. 
Bhodotorula ap. 
Cuptocoeq\la ap. 
'rontla ptUis 
Torula barle •• 

" 
" 
" 

• 
n 

II 

U 

If 

" 

ectal'2!!IS8' reukautil 
Nect!£p!.yc.~ reukautil 
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teels that definite identitication ot the 8peCieS ot many genera on the 

basis otex1sUnS classification cannot b. mad.. Tanner (39), discue.ing 

Teast classiticatiQn, believe. thi. confu.ing .1tuat.1on ls due to the lack 

ot sui table teclmique. 01' which to d_on.trat. IJIAIl7 characterietics. Jor­

gensen (16) 1. ot the opinion \hat a rell&ble specie. :L1atltic&tion ot 

an ls01ate can onl.y be accoapllshed by Ii Coapari8on with ceU. tl'01ll a sub­

culture of a spec i •• or .train on Which the orig1nal description _a made. 

This would, at beat, be a tona1d.able talk, and quite ilapractical tor aost 

workera. 

For the experiment all strain. wezoe subcultured on pre-.porulaUon 

Ulediwa twice betore being tranatenoed to aporulatlon 1Ied.1&. 111e ttA) pre­

sporulation •• 41& _ployed tor the aultlpllcatlon ot vegetative cell. 

were those described in the ilethoele and Materiala. Vegetative celle placed 

upon .penalation llecl1a were from. actively growing 24-hour cultures. To 

t'acil1kt;. cCllparilon ot the ability to tora &aeo_pore. b7 these different 

strains, three eporulation raed.ia were _ployed. NUlelys 

(1) Acetat -<iextroee agar 

(2) Corodkowa's mediua 

(:~) Water agar. 

Details ot the preparation ot the.e .. d1a are given in the aection on 

Met-hods and. Material •• 

Spol"Ulation. lAedia tor Pan A were diapeR.ad in t.st t.ubes as 

slant., and tor Part B in pet.ri dish.,. 

AIS shown in Table XVI, ucospore tonu.t1on occurred aoat trequ.ent17 

and to .. greater degree in cultures upon acet4Lte-dextros. agar. or the 

30 cultures torming a.cospores in \hi. aed1UJ1., 13 cultures yielded SOl 01" 
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.le 
boo.pen c\1on on ~. S U. e41a 

b7 4J leu' Culture. Kul\1pl.1ed OIl tWo Pre~t!on ed1a 
.- . r, l . MA • I H • !F.' :;; . t . Jfi 

A-
d T I 

\tI, ..... 01 
Dextro •• . QoI'Odbwi 

Wtr ' 'II! . ___ H 

1 90 ~ 90 20- , 1-4 
2 90 2 90 10 1-, 90 20 90 ao j 1 -It ,. J nre , ft.Ite 0 1 -2 
S 7 rare J 1-2 
6 21 "fie 10 - - 0 1 -2 
7 &S 10 70 S 40 1 .. 

l' 2 ao 2 1 1 -2 
9 S 1, 0 1 -2 

10 0 0 0 l'U"e 0 
11 20 2 2S 1 1 1 -2 
12 SO 1+ 40 2 , 1 - 2 -
U 40 12 35 , 1 .. 2 ' 
14 60 14 40 , 10 1- 2 

l' 4' 20 SO 10 10 1. ... 
16 2' 0 20 0 0 1-2 
17 . ..,.. J"'6N l"4U'9 ... 0 1 
18 70 40 65 " 6$ 1-3 
19 1 1 1 1 0 1 -2 
20 4S 2' SO, 2,' 3S 1 -3 
21 1 0 1 0 0 1 
22 0 0 0 0 0 
23 ItS 10 " S 1. -, 
24 2S 0 2' 0 0 1-' 2, 6O 40 S, a, 4' 1-4 
26 10 0 10 0 0 1 -.2 
~ " 1 20 lie 0 1 .. 2 

" 10 4S S 30 1 ... , 
29 'S 20 " 20 41 1 -, 
30 0 0 0 0 0 
31 IS 0 ~ 0 0 1 ., 
)2 70 0 " 0 0 1-2 

" 60 0 7 0 0 1 .... 2 
34-43 0 0 0 0 0 

I . ----,.. . ~ .... ""it" .-1 i!il • • _II . 'p 

'1M pr ..... poNlAUon ae41. -.plop4 .... ,. J\11U ...1n A, 
' llCO nu'ft .. \ ' B. 



- -
lION &alCl, wherea, no Jield ot .ore then 4Of, wu ob •• ned traa culture. 

on Ooroclkow&le aed1U1l and seven of t.he .... cnalt.urea tilled to to a co-

.poree on wat..r agar. On. cult.ure (No. 10) lomed. &801 otllT on Gorcclkowa'. 

aed1wa, VhU. 1 toraed UOOepoN. oal¥ OIl the aoet.at.e-cia;tro. aed1.ua. 

1he thne baker.' past isolate. readily toraed uci with spore •• but 

onl7 t.WO ot ,b. 0\11.1' at.rain. weN able to 40 80. CJ»Y1ou'lT Wiele dift.reno •• 

in the ability to tON a.008porea exiat beli •• n th. Yarioue at.raine p1oy4Ml 

in thl. experSaent. All culturea developed 4 .. e ceU population. on 
I 

Ooroclkow&'. med.iUII. In .ce:t&t.e...cla\I'O.' ...... the TaptaU .... oeUa becaae 

JIO" granular, U •• ooapore tonat.ion proceeded, loaing t.h t.ypical ap­

pearance of act,1 .... 1y growing ,.ut. cell.. Cella upon Qo.ro4ko '. _ ......... 1!It 

b.e ... Ie.. retn.ct.11. and appe&r*i paler tban those on tbe p ...... porulatlon 

edia, whU. ceUa upon waier agar aoN clo.ely retained their or1&1nal 

appearance though exhibiting a tendency to -U,probably owin to the 

1ablbit.1on ot water trca ihe aecl1_ b7 the ceUa. 

(11) ar1ai1on with a.'pMt to co.pore ol'll&\lon Aaon 

hc:a a Single Package . ot Y. at 

1801at. •• 

It ia obYiou. tr_ the preoe41Dg upe:r1act that nriat10ne 1n the 

71e14 01 asco'1'Ore. are ver;y great among Y"'" tJ'Ca 41ft.rent source •• 

It seeaecl of interest.to lnve.ugate in t.h1. rupee, t.he range ot variat.ion 

that II1gbt. occur witJlin a 1agle paok ... of ca..rcial yeut. 

PeU.'e haa a pac1cap of Fl.lacbaann·a teaat .. re eel to a water 

blank. A s.riee ot dUut.lons ot tbie auapeu1cm vu prep&l"eCl t.rd plat.ecl 

with gluoose nutrient apr .nta1n1na SO InternatJ.oD&l Unit. of St.:repto­

JVCin per Ill. twnt7 1101at1o~ WN M4e to &luoo,. DUVient. aaar elant.. 

!' ., . 
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troa individual colonie. present on the plates CCIIlta1n1ng the higher di­

lutions. Atter 48 hours at 27. 5OC., vegetative cella from these cult.ures 

were transferred, b7 streaking, to acetate-dextrose agar slants and held 

at roca t_perature tor 14 daylI. 'lbe percent ascospore t01"ll&tion in these 

.porulation cultures is given in Table IVU. Ascospore formation varied 

among cultures tran 10% to 5~. The.e reault. suggest that isolates tram 

a package of yeast are not all e~ capable ot -ascu. foraation. 

At a later dat,. this u.per1ment vas repeated with eleven other 

isolate. obtained trom a package ot "Best." yeast. The yield. ot asci ob­

tained are tabulated in Table MIl. 

These results were analyaed statisticall7 to determine whether 

the dUterences, as shown in the table, were signiticant. Yield. trom in­

dirldual isolates were compared one with t.he other. Binc no stati stical 

ditterence was apparent between the toUowing isolates, 91, 93, 95, 97, 99, 

and 101, they were grouped together. The DlMn tor the,e isolates was d -

t mined a b ing 73 .. 7 :!: 1.0 . . The r.a1n1ng i.olat in the experiment. 

were eaapared with this mean, four ot Wiich gaTe yields signiticant.l7 dit­

terent. troJR this mean. 

(111) Variation with Respect to Aecoapore Poraation AaOl18 Ten Single 

Cell Isolates tram a Single Isolate Culture 

The experimental procedure .. pl0J'8d closelT paralleled t.hat. ot 

t.h previous experiment. 'lb ten isolat.es vere obtained b7 plating ceUs 

trom a presumably single cell isolat and picldng ott portions ot ten dis­

eret colonie,. The yields ot aecoapores on acetate-dextro.e agar are given 

in Table XlI. Pour of the ten isolates t.est.e4 gave yields ot a8ci .igni­

ticantly dift erent .from th mean yield ot the r-udng six 7e&,t i8Olate •• 
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1. XVII 

Variation in Aaco r Fomaticm ,. s . 

I'CJI. a Iea.t After 14 Dq$ f,W1 .tat~ *' 

Ktlllona of OeU. .roant 
1 ala" N • ~ Ill. ot K841 !eo! 

1 12. 0 1 
12.6 ". 

2 U .2 " 10.6 S , 
9 .• ' 22 

18.7 21 

14.7 31 
.Q 35 

14.4 3 
8.1 221M 

6 17.4 18 
17.7 13 

1 14.1 ~ 
15.6 26 

]4.8 2' le.l )0 

9 16. 43 
15.2 28** 

10 1.2.' 47 
13.2 49 

11 12.1 28 
10.9 28 

12 10.1 " '.1 34 
1, U. 'J1 

10.1 14-
(COl'lt~u .. on pit. . 51) 
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DII (o~t1nuecl) 

Van tion in Ascospo 

haD C rclal. 1 t Aft r 14 flY 

• 

14 42.4 21. 
23.' 

15 .1 

16 a.s 
10.3 

17 14. 
16.7 

1 13. 
1 .4 

19 13.3 
10.2 

20 12. 
13.' 

.. pUca a 

Cultu con a eel 01" exc .. 1ft coadeneat. in cb c 118 
trca the lant bad coneoW, Nault1ng in ... polled eporula ion culture. 



, 
\ 

- 52 -

Table XVII I 

Variation in AecosporG :Formation by Elev n It".ast 
I sola.tee frail a. Package ot CCIIillerc1al. leaat atter 14 Day. 

bn Ao.tate-Dutl"Ose Agar 

Isolat.e No. Percent Asci*' Mean Standard Error 

91 74,81.77 f 7S,70,60, 7,).2 1.9 
78,79,78,72,73,61, 

92** 60,,65,58,57,59,59, S8.4 1.4 
56,66,5,,51, 

93 70,60,66,68~65,71, 
72,73,80,75,14,72, 

70.5 1.5 

94 59,60,66,61~73,70~ 69.8 1.7 
73,64,79,75,74,77, 

, 
95 5,79,85,8),80,82, 77.8 1.7 

71,75,68,69,79,7S, 

96** 66,65,56,63,'81,81, 6).7 3.7 
76,77,46,54,49,50, 

97 71,73,60.71/13,.73, 72.) 1.3 
77,74,72,73#75,71, 

98** 49,;1,63,51,65,6 , S6.; 2.1 
52,65,53,52,53,,6, 

99 73,71,79,.78 .. 77,77., 74.6 1.1 
72,72,73,67,71,79, 

1()()tHt 80,81,77,77,75,82, 80.6 1.0 
85,82,82,84,80, 82, 

101 73,71,19,81,71,68, 7,).6 1.2 
69,73,75,18,72,73, 

.. Each f igure based 011 the e:xa1nation or 100 cells. 
** Isolatea giving atatistio~ dltterent ytelds tram the mean 

yield of the rema1rd.ng isolates. 



The yields of the latter six isolates did not dilt r 8ign1t1can~ fro. 

that ot the parent. culture. 

Table XU 

Varia.tion in Ascospore 'o~t1on bY' ten. THst Isolate8 
tram. a S1ngl.e Isolate atter 14 Daya on Acetate-Dextrose Agar 

Xsolate 
Percent Asci with St&t1.t1cal Analy8is 

Nuaber 
Pel"Cent A8cl* Mean st.ndard Error 

Control 99 74.6 1.1 

99-1 81,83,81,84,17, 
69,75,69,73;7', 76.7 1.7 

99-2 78,68,81,7',74, 
80,75~72,69;7'; 74.5 1., 

99-3 70,7,,80;81~77, 
74,6,,72,73,70, 13.' 1.7 

99-4** S6,S1,48,5S,45, 
46,52,SS,51,52, 52.0 1.4 

99-5 70,64,67,61,62, 
79,78,7,,84,83, 72.1' 2.5 

99-6 77,77;76,72,68, 
78;68,62,71,66, 71.5 1.6 

99-7** 70,71,65,70,66, 
67,75,75,13,64, 69.6 1., 

99-8** 8',90,79,85,83, 
82,87,79,92,84, 84.4 1.4 .. 

99-9" 78,82,77,83,85, 
81,7,,19,80,82, 80.0 1.1 

99-10 15,73,16,77,75, 
80,77,72,77,81, 76.3 1.0 

... Each tlgureba.ed on exaainat10a Of 100 cella. 

** Isolate. gi'rtDg .t&t1.t1~ different 1'1-e148 trem Control 99. 
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The results ot th 15 experiments strongly suggest that cons1d rable 

variation in the abi11ty to tom ascospores -7 be expected, not only among 

ieolates from a s1ngle package ot yeast, but among the progeny of a pre­

sumab17 ingle c II isolate. However, it should be noted that the extent 

of the variations ob erved in the latter two experiment was not nearly as 

great 15 that observed among the 43 different yeast cultures from various 

sources. 

3. liMPLO'IMENT OF ASCOSPORES IN HYBRIDIZATION STUDIES 

'!he main object ot a h1bridisation .ethod 1s to bring about a 

rusion of gametes. With yeasts, two methods designed tor t.his purpose 

have been dealt with in the Int.rodl\ction. EIIploying a aicraaan1pulator, 

Winge mad crossing between sing). isolated ceUs, wbUe Lindegren mated 

suspensions of haploid cells derived fro. two different ascospores. As 

mentioned previously, this latter procedure has been termed "mass _ting" 

by Lindegren (20)" part1al17, no doubt, to differentiate the method trem 

that in which single ceUs are croased, and also to indicate that ample 

opportunity exists for many fusions t.o occur. '!'hese methods are of value 

where careful genetical studies are being pursued. 

It seemed worth investigating whether iaproved strains tor industrial 

purposes could be obtained from fusions between large numbers ot a cospore. 

from one or several yeast st.rains. Although thi method would not permit 

careful genetic analysis, it might possibly be of some pract.ical iaport.ance. 

'!he success ot this method would depend upon the availabUi ty of large 

numbers ot ascospores. 'lhese lIlay be obtained,as has been shown in t.he.e 

studies and in previous work (1, 2), frca the use of acetat.e-derlrose agar 
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&8 the poNlatio e<li • a 

r'e1!l1B&Jt"'Dhe. de.crib t.:1cal. p 110 tion 

tactoN intl nc a coepore tormatl0 • 

Ye P c-

the ~ il"oma tal 

1'0 t t 

byt 

th yal I 1n hybrldlz tlon ork or 

t cd previouel.7 de orib b;y the vr1 I' (2), and to 

invas the po. lbllit;y ot obt&1n1ftg iJlproved st.ra1ne of 7U8t by 

th h1bridisaUon proc juat •• cribed. (in whioh ha 0 oell tl'Qa 

MV raJ. strains are II1xec1 tesetller). .eYe ex.peJ'1aent. wre concluct.ecl 

wi tb var,y1ng d.gree or ROO... . ~e of th •• 1 1s aleon e4 low and can 

bl regarded, so tar PJ"OC uri i. conclmecl, a. typioal 01 the other 

expe1"1laent •• 

(i) e n.YIlopunt or Increue4 Tollranol to Etb7l Alcohol by t_t 

tra1na th1'ou HJbrid1l11&tion. 

p the ;ye&et collection acquiNd OOllCU.rl"ell~ with th1a work, 

tourt.ee CNliul'e wre ael. that 1ft other atudt .. bad be_ abmm to 

grow in the prea ce ot 13. but DOt U. b7 YOl .. of et~l alcohol. 'lb1. 

ch&NC r1.Uo wu n ch cked for each \un and sporulation culture. 

wre then prepaNCl -.ploJ1ng acetate-dmroel apr .lant.. UteI' 14 da7& 

the ceUe rrem 1ndiv1dual cul.tlU"88 "Ire tnnstlrred to tube. ot tb. a.u: 

recoraend.ld. by L1ndegren (20) tor encOllft&1.n& tua1ons. Cllla fIVA all of 

thl tourteen poNlatlon culture. were added to \bl 11 &dd1tional tube. 

ot L1nCl.gren·. aecl1ua to allow tulona between etra1na. UtII' 36 boure 

the cella were op ted t the ut1n& JIledi T oentrituging. CultuN 

tub a contaln1ng S:C dutrose IUltri t broth to vb1ch hacl been added 16' 

.th71 alcohol wre inoculated with the centrl1'upcl c.Ua and 1ncub&tecl at 

l"OCII taperature. 1'h ••• culturea _" oba.rYect tor end..ne. ot growth 
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lee ric tur 1<11 t 

values detQ.l.OIJI4IVI;JY. eoloria tricaU, ( hanges 

cator bowin t d wi a "":"111 eter_ 

mAl"kAil ch • indicatiye ot cell ter 

96 ho .3 othel"8 s ttYe t ceU It 1. 

notwo t at tube. conta1n1ng "s.ue It cell. ot 

ehOtMd eYid nce ot ll.a tna the tour cultures "" transterrec1 

to. rll.e pe jute t nted to the l1ait. 0 etb7i alcohol tolerance 

with the er1od1c addition ot sugar. 

!able XX 

r'fJl'IIlImta tl 

Culture 

~b -
Mic ,... 
M~ 

~b -

itT ot Four teast. CultUl'h 

H1brldisatJ.on 

, 
78· , 

? 

S &lcobol bt&1n 
b7 tel'll8lltaUoll ot 

grape JUc" 

15.90 15. 90 

16. Ole. 1&.10 

15·90 15.82 

15.00 15. 01 

* DeteN1ned b7 a 1'AQ tw1n aeter (0. J. Ta&l1ab Corp. , 
Newark, I . J . ) 

'lbe -'OlllUt or ale 1 rod ce4 b7 cell. t e tour cultures 

1 howl 1n Tabl D. cul .... LiI&'u..uo.,cecl juR. le. t 

baa been pos.ible to develop at leut. on. 7H8ts'r&1D capab~. of pvwt.h 



in the pres nc Q 16 b1 vol 

alcohol olerance. 
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0. thy-leo 01 ot low¥" 

This xp r1Ja .t indicatee that & coapores obt.a1ne<l b7 the conve­

nient tho , deve~ope by the writ I" MY' b BUccas ull.y pl07ed in 

hybridiz tion exp th 0. . co raJ. 

y ttrain. 

DISC 1m 

F the nlUlta obtaiMd 1n tbU work 1t 1. appa;rent that ... co-

spore to tlon en ac tate extros . ar 1s concl1. tloned to a ve17 conslder­

abl degree b7 env1ronm tal t c re. 

Consider fir t th fleet. ot cell cone ntratlon. It .ean that 

&SCO pore formation occurred 0. I" wide I'rmg& ot cell ncentr tions, with 

no ole 0. t1tnwn, tb it $ 10 18 trequent. t the low r concentration. 

tr141d. Stantiu (36), ho vel", found an opt1llum concentratIon ot cell tor 

a given cone ntration ot acetate. In prn10UG studi.s (2) the vriter ob­

served.. an opt1aum concentration ot 1-2 million cella per ml., ot d1Ul1l. In 

both ot th .8 fo.al" studies a Uquid _cii -plored. "'ere 8 in the 

present work: the cells ted upon an agar surfaco ,which m&7 explain the 

dirterences noted. . Strain dUterence aight al.o be a tactor here. Wa 1. 

suggested b)" the writ 1"'8 pI"eVll0l,18 work (2) in vblch at low cell concent.Pa-

tiona ascospore tQrDlation was uc in on strain but n t in another. 

Fraa the atudiee relating to g&aeou8 environment 1 t 1 apparent 

th t both on d10xid art c to r 

being 8 th 1 t t 1" 1nh1b1t017. A very 1 ~NlI 

kedly ra1 . eel the :Jcolpore yiel.da . rO'l"example, when th small OX¥, n 

Japurlt7 (o.u) 8 roved tra». bottled. nitrogen the 71eld of aaco por.a 

was reduced about ,~ t:rca that obta1ned 1ft unpur1t1ed n1 t rogen. ASain, 
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when the concentration ot o~gen was 2.6~,a tourfold increase in spo~atlon 

resulted as compared with puritied nitrogen. Above 2.6~ ~gen concentra­

tion no marked increase in yields occurred. On the contr&ry', an inh1bi tor;y 

ettect ot oxygen is indicated at high concentrations. In a l~ ~gen 

enrlronment ascospore yield was about halt that obtained at 12~. Low con­

centrations ot carbon dio:x:1de mixed with nitrogen are not. so ettect.ive in 

suppressing a are similar concentrati ons ot oxygen in atiaulating sporu­

lat.ion. However, at a concentration ot about 40% carbon dioxide &!sost 

total suppression ot ascospore tonaation was observed. It 1s noteworthy' 

that this inhibitor;y effect ot carbon dioxide is capable ot nullit)ing the 

stiDaulating ettect ot ox;ygen. This is apparent troa the tact that in 

air plus 5~ carbon dioxide no ascospores wre toraed. 

Ascospore yields in tlowing air were approxiaate17 43~, which is 

considerably less than what would be expect.ed trom the graph, in Tie. ot 

the tact that air contains about 2l% ~gen. It could be that this ia due 

to the presence ot carbon dioxide in the air exerting an 1nh1bitor;y ett ct 

on sporulation. 

The results of the work dealing with the ettect ot varying concen­

trations ot oxygen and carbon dioxide allow an interpretation ot the 

observation made in previous experiments in ~ich the aeration ot cells 

was intertered with. In the writer's experience yields of ascospores were 

tor the lloSt part not so high in a liquid as on a solid aedium. This be­

haviour of the cells may be related not only to the availabUity ot o~gen, 

but also to the production ot carbon dioxide by the cells. In a liquid 

med1U11l the cells sink to the botitoa and the liquid would retard the d1ttu­

sion ot the carbon diorlde out into the air. With a solid aedlU11l this gas 
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'WOuld pus ci1NCtly 1nto t.he atlloaphere an4 tbu have lea. ett.ct, upon 

lporulation. :pa sage ot oqgen to the <feu. tl'OJl ttle ataoephere 1101114 

be e1Ia11ar17 aftected.. '1b writ.er oD •• ned in PNftoua work (1) \bat M 

inc . • in the dep'h of liquid aMi_ .. found to clap ... ,a eporulatlon. 

but an ftPlanaUon 01 tbe condition was lacklna at that t1u. In vi .. of 

the r810 pl.qed by oarbon cl10xide as outJJ.ned in th ••• prennlo studi.s; 

the cond1 t,1on could be accounted t~ ill tbe toll.owJ.a& W&T. Ttl. larg r thit 

voltae ot w$peD8ion adde4 to the v1&l.. t.he larlsr would. be the ftuaber ot 

e ,11 p1'8 ent, and thu lIOn carbon dioxide would be procillCed. It 8 ..• _ 

reasonable to as ... e that dittu.lon ot this carboD dioXide trom. theeeUs 

t .o th air wol1lci be leaa rapid a. the depth ot Utpdc1 increa ad. Thus, in 

Vials conta1n1nS the larger vol.... 110" carbon ci10xlcl would be present 

and a oo_por tormation would be d pressed. aecor4inal7. Here agaln the 

depression ot apo1"Ula tion could be expltWled b7 th. barrier to 0'Jtt b 41t­

tuaion 'pi" sented by tb llquic1. 

When paraffin oU wae layered QD liquid CuJ,.tUfes an &4ded barrier 

to tb 41ttus1on ot carbo'n d1ox14. and Qq'Sen wu present. 1b1a could 

accollnt tor the further ~uct1on 01 ascospore p-elda in 11qu.14 .edt_ 
covered wi,ttl rattin 011. onoYV t When III area. ot alV aul"tace was 

covend with a co l' glase, a.coapore tOI'lla\ion cl1a:.Ln1ahed t~ the 

ot \h glass 1n toward th oent.H. 'lb. toresoing aplanat.ion appear. _p.­

pUcabl. here 8 11. 

At t.bis point It 18 ot inte... t to rec&ll tn .. ob •• l'Yatlona of 

aneval (2,4) ,Who noted tho presence of a8c08pol'fI' in "aut cak.s on~ on 

the ou's1de lqel's ot celli, u well ... t.ho .. ot Lind.gnn Cld au11toa (21) 

that wben Cl"Ou .... ectlona ot 1N-st colonies weN lI&de, .acospoN. were tOWKl 
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only in h outel"'lDOSt. 1 . r ot c. U • nal c elud. that. Q'q 

requ1recl tor a COSPON tOl"ll&t.ion. Ttl .tudi •• reported e ar. in accord 

with val' s view, but. • at t.tl additional poss-1bl11t.y that oar 

dioxid. (to ad 7 the ceUs) t.tt&1ned a sufti cient. cone nt~ tt. Within 

t.he yeast. cakes or colonies to 1Dh1blt aseoa re IOl"JlAtion • 

• volatUe rod.llOt. or J)l'04uct.a of aet&boll_ otta r than carbon 

oxid ou aleo be responetble tor t.h 

served in 4. I) Uquid aed1a and under coYer U . • !his po.sibil1 haul 
. 

not be overlookect, sinc it .. noted that alcohol va 1nh1bltecl s N-

lation. 

Reduce4 a 08phol"1e pn8fJ\lN va •• oen to l O'tfer t.h. 71elda ot •• cl. 

81.nce the c~a1"lon of tho air .. not alt.net ao tar .. the Uo ot 

the •• t.o one another .. cODcernecl,.. t. the IIOS' Nducecl n UN 

(200 aI. ). a aul>Pl7 ot oqpn •• DOt lacking to the culture . ! .oospore 

tOl'Mt1oD occUl"NCi, t.hou&h not to the .... extent as in air under noftl&l 

ataosph.r1c pressure. Slator (34) tOUftd no ascospore. in tube. t 

the air had been exhaiuIted., but atated alao t.hat trace. ot air were INfti­

clent to 1Dd.uc. sponlat.lon.. He tound that 1 ca. of air pre sun w • suf­

ticict to caus. the production ot spo"'.. 'l'be latter cbsenation 1. 1n 

accordance with t he writ.er'a tindinc that. a .all uount ot OXTPrl at.J.all­

lat.d aporu.lat,lon. 

Hanaen (13) in lSS, obae"_ spores in li. RHt-o£1anus II 

at 30C., but v1th a _e ceE!!1aa. stn1n not below ace., wbUe 14th an 

elllpaoldeus strain not below 7. SOO. Latar (18) "port.ecl t.he work ot 

eeveral 1nv 8t1 atore who d.t.l"IId.necl tIM a1n1awa '-Perature ot uoospore 

tonution 1n difterent 78Ut.. 1'h1. taape.rature vu u8U&ll7 above 1300. tor 

bott.ca leruntaUon epeei e. Accord1D to War, botl8ftr, Will ob •• met 
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1 ... 

• .. .tn 

• • , to (a7h 

inl a • tor' • wi a 

0.' - '1 .. ,00. 
In t ated the , 

opt--, t aft of 

t 4; i801ate • apec~ to the I t.h1e 

c bT8 t10ul 

to ft. W1 It QbJ....,red t 

tl" tal,atter 

r-.-.JLJrJl cUl • 

W;UiUOUt. oU). B·~ltDr, 

• 1I&1~1JI T. __ n. tor aac"",!._ ........ ~ 

aftal'Dll'-'P ttl til _tid ... 

at 3S00. 

tNqu tq at 3'.300. Tbi. 

~ tor a1!D!!2-

t1a1. (34) ob~~ 
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t t ... _-

Considering t t pe tu1'e tor spo t.1 ,()d llle.rsoDd. • 

port of 'Z'/. 5 tudie, t 

in addiU it b 

out lS - 300c., tho TAlC" Ln-t1on 18 note • 

tiOll. 

Uatlcal. 18 of • 
t ... oepore .... tor..d in • e.nc. of ~t. 

1lUI1beJ" 0 lC~por I toaeel on .porulaUon ecli& 

c.!llarl..ng 43 7M8t stra.1na on tbJ'e • H N 

t 

the ot .,. t • 

work (1) it 1a fiident that the ace 

i . ... often; 

\18, t th. 

ettective .. etrat. . toJ" duelng ucoapo tOl'JlAtlon in 1Met et.ra1na. 

In vi .. of .. tact that thie .. tbocl 1. 'Very COftYeni8ftt to u .. , it 

pMY to b. ot 0 14erable practlcal value. Pbatt (28) 

t t1al- 81' • tbod ave a r at ucoepore 

than d.1d oth r thode 1n abo t 75. ot the S!:Ccharcsne. culture a etucU.ec:l, 

... U l1:dng ruta w.lth,-.uta ot other &enen. Howe ar, 

the,. reo nd. tre carrot wdgee d, tamatift, L1.ndegren'a ft-

eporW.ation edt followed. tranater to block , wbUe. t 

that "the U&1. ut.boci alao giftl excellent. "rut., but it i. t.ed1oul 

and theretor ~ rec ended 10 cue ot 40 t. and oth r thode 

taU". Goroclko (12), d.1ec 8in t plutar block, 

.thad requ1 s. IJpec1al caretuln la aDd t17 in at. 1. 

blportant, it. 1. capricioua and ~t1a 8 doe. not .1uet.1t7 the tl'OUbl 
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1 e of 11M wi it-.. In taim a91"I1!ItlIIt bloclc ",,",'r.nciln 

eh d un erstood the; all th 

Uon had at that. t f!.I ..... ;r,tvu.. The cd tici 

or Phalt and If of the StanU - er Techn1 

the acet.ate..de.xt s it i.e 1U~.u.UIlfl _ eae1l7 p -

1.hi Oom' n1 t re to 

tion haa b n ooe. ~ a ~ vork. 

Purther, Pam r (29) baa reoenU7 t t 1, d have 

tta great advant. e oY r proc • inYolrtng cca · ex 1Il .......... 1 nnee 

th. nutr1tioaal enY1ronaent can be exact.l7 controlled. Tb1. as. eat 

oona1derable iaport c, tor exaapl.e, in he r1 nee 

ot adaptin enQJHI ere the uper1aenter a1.&bt wi to ~rol ri ldlT 

the aub.trat_ to whic the t vas durin po . tio -. 

1h sultabUitT ot thie as od of pI"Oduc1na 

tor 118- in b7br1d1I&t1on 1s evid.nt trca the • 01 'lhou • 

a. .tated preY1oua13 _ ~s aethoc1' or b7brid1uUon do.. ot allow oaretul 

genetic aaal.7aia, it ci. mit alJDo.t an unl.1a1 r of tuai • to 

occul. 'lbe chance., th 111 iTed etrein IlUCh 

inc ased over tho e where the.1ngl Cl'Oe. tecbni e" pl.oyecl, or where 

ba J.old cell trta tvo &8CO. rea a1xed, e1nc SUCC48a will condi-

tioned to a 1&1" measure bT the miaber ot aao08pOl"ee. 

121e probl of inhibiting rat er thaD ind.ucing uur1 ... .....-tlon in 

7 t 1. aleo of 8ClU ~port.anc.. '1b need. tor a n .. etbod of 

culture in viable and lION stabl. t.ic etat. b pointed out 1D 

the Intro4Uctlon. Aa saentloned. in the d1ecuulon ot II1n1auIl 

above. even tr rated culture. ..eloped os rea in 6 the 

* Tranalat.ecl trca the RueallD. 
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fJt1 at 

t cs. 

It ct d: .. to c on Wo4~~' 

8 ot yea • To 1OUD& slant cult 

ronaen't an teml))el'a.'ture 

n in to 

cella 

te.1n1 

t 50% carbo 

cul-

uc • e laD are en eale4, sto 

10 t amnarature. This 10 sibUlt,. 1s now under lnv _ t l tion. 

ObY1o~, e1"1 judp.ent ot i t" 8t b 111 14 tor 8 • t --in all 

~1H&U .. llit ,. t or sew-, "' .......... '1 • 

The ettee 8 on t tor8 
, 

were .tud1ed. 1b IS tactor8 included ceU cCIIlcen1;rat.101l, aaaeoua enYiron-

ent, pressure, light, aoc1 t.c. ture. 

co r tonaatlon oco\Ul'TeCi OftI' a wiel. range of cen concentratiOO8. 

U. no up l" Um1t tor. rulatlon .. ft'ident trca the ... t.u ie.; &8Co­

spore t trlon occurred .ore pJ'Otu •• lT on ac.t.at.e-dutro •• agar wh Q 

od.erat 17 ~ cell cODcent.P&t.1one _r. aplOTBd. 

Carbon c11ox14e va, tound to aupn,. &HOepo" tOIMt1OA. In & 

concentration t 5aC 01" .ore, DO ucoepore. were 

of ~g grut17 et1aulated a co. l"8 to tiorl.ue vel7 h1&b cone - t. ... -

tiona .upp 1t to extent. not 1 to lYel"C the 

inhibitive eftect of carbon ox1d . 

UDder reduc 
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eporulatiOil ponibq t.hrou&b 

DU.tu.ed 11&bt was aeen to exe~ onl7 & ainor d.pre. ina alleet 

on asco.pore to t:1on. 

... • of perat.UN were .... t.o 4epre.. the ;r1eld of aaco-

apo a. A rel.atlvel,. sharp -u1 .. teapvatu" a ... to exiat, Vh1le 

the lI1niaum temperat.ure 1. 1... reeia.. 1.'ba latter 1. dependant, to ... 

extent upon to a t a ot incubation aDd a particular at.rain of ;reut 

under atud)". 

A wide variation in 71elcia of a.eoapora ..... ob.e"ed. aaong 43 

;yeast culture. trca .. riou. sources. Variatlon WI alao noted among 

laolate. tna a c~r.c1al. package of 7U.t. a. well &a fro. 1.olate. ob­

tained tna a ainala leo1&t. culture. In tha latter two iDatance. thl. 

Yanatlon .. I le ..... rked. With the 43 cultuJ"ea a.iolled abova, the 

euperioriV ot acet.ate-<lutro.e agar OYer t.w other aporulaUon aed1a 

wu d-.onatrated. 

A et.hoeS tor hJbridisaUon which..,. proT8 of ... 'f'Ilu. iIl­

dueir1a1lT in the denlo . nt. of new or 1Ilproftd etxs1na of rea-" 1. 

el aeribed. 

In &dd.1t1on, appl11ng the n",unp of th •• e atu41a. on gaseou. 

e1lYiJ'olDent anc1 teaperatun, a _\bod of .u.nt.ain11'll .took culture. in 

a non .... gngating coD41 tlon 1. propo.ed. 

C CMUl)CICIl1TS 

'lb. wr1 ter wiehe. to tbank Dr. J. J. MUler tor IIAD1' belpfUl. 

dlacunona and advice, and al.o Dr. N. W. Radlort.h, tor hi. 

lntereat throughout the cour.e ot the.. .tudie.. !hanka 
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