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The Et!eQt of' Certain Environmental Factors on 

Ascospore Formation in §aoeha~~ee cerevioiae ( eyen) Reess 

Yea ts, havt'3 btooote &n , oubjeot of genetic 

invest.iga.tiooo. Ease o! culture,, speed of growt-h and induatri&l. eignifi

ca.nte are £acto,J"s contributing to th d y,eloping interest in ye:.. 

genetics . 

rior to h obscrvatio~ ot Sohwann in 18:39 (.24) contusion reigned 

as to whether the yeasts were, fungi or a..l.~,,ae. He observed that y-east 

cells wot.U.d tom new interior c<:J.\ls and that these ~tero liberated b;r the 

bursting ,of th par nt ceil. Lilt r de Seyne {5) nd it ess (181 19) 

defined the morph.ol.ogy o! tb.ee~.e !&tenor ot1lls more clearly. t we.s 

Reess who showed that th ir- d~v l<>pment resembled the d elopment ot the 

endo3pores of th® lower Asc Therefore he t~:rmed thea ael13 

a&cospores and the mother cells sci. He also was the first to observe 

t at 1• sts sporulate v U on boiled C$l"rots and on &lieos o! other vege

ta.'bles. Re s · however, 41 not r~ir.e t t thes-e c ll 11o-ere !otmeci 

se."v.'ll ly" D~ Bary (4) post:ulat.sd that the· aecospo:res wel'& s e·xWt.l in 

nature. Finally satava (22, 23) a.."'ld Winge (2') deecribecl the process 

ot diploidiau~tion 1n Sacch&f(?!?lCes 11 obso;rvtng that cell tu ion occurs 

immediatel;t atter germination ol' th'-' ; scospores. Later Winge (29) 

proved the xi tence ot haplo base and dlplophase ge eratio s in 

Saccharom;yces. 

I 
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De Seyne ; R eea and Hansen developed various methods for inducing 

yeast. cella to sporulat$. Uansen (U.) t r$l'luferred vegetative cells grown 

a nu\rient broth to blocks at gyps'Wl'l or plaster of parts 1 a method o.d.gin

al.ly devie. d by Engel (9) . This ethod is still. widely employed. More 

recently" Mrak, Ptw.rr and Douglas (14) induced porul.ation on a edi · 

containing tbe juie of cuoumber, carrot , potat-o and beet ·_xt.ures, an 

itllprovement of Reess •s yegeta.ble w~~. inde~ and ·Lindegren (1:3) 
,:'l·· 

dW'Gloped a · .41\A comd.sting ot glycerine, oelci.un carbonate., .srape 

Juice and the eatracts from beet leaves and roots and tt'Qm dried yeast. 

Ascospertt$ . re t'ound to <.\evelop in <It tw weeks on this medium, but it 

sporee are desired ooner, plast•r of paris blocks 

mont. b7 l!1An1 workers . 

used ae a supple ... 

Sttmtial (2J) was able to ind\\Ce sporulation l}y addini orange, 1-.en, 

gap.etl"Uit 1 lettuce or tomato juices to waal'lefl ;veast .;ell$ 1n a water sus

pension, Filtel'ed g petruit juice aave the most tl&tia!actory yields ot 

a.sci1 up to 9Q..95)C sporulation, most cells having sporulated by the end ot 

6 days lncubat.ion &t temperature b9tween 17·300 c. stantial (26) deter .. 

Idned the active .ingre<U.etlt or the j\lices to be a sugar. She then used 

various sugar aol.u.tioM at vaqlng concentrations and compared their 

effects on sporulation. Ma.nnose and tose gave the highest. )"ields, 

70..~ sporul tio.n. A't · he tame tim.e she p 01 d a nl.lllbe:r of chemicals 

including p-otaasil.W and sodi uxn _chloride, so4it.Jn propionate and eetio 

a.eid. Later sbe found 1;hat certain ·sal.te of aoet:Le acid ~re htghly 

strimul.ating. stantial. (25; 26) and llder (7, a, 9) who csm.t.:Lnued: her work 

chose a. sporulation medium cont&ining 2 • ot dextrose and 1§·20 mg. of 

acetate per 20 m:l.lUon cella. 



Eld.ar s uggested tb:• folloWing detailed sporulation technique; The 

cells are eW.tured in flasks containing a filt ered hea.t sterilized tomato 

Juice as a. pl'espoX"lila.tion medi • The cells art ft-eed trom the medium by 

tilt•rlne and washing or by eentrtfuging and washing. Then the cell$ o.re 

suspended in sterili~ed distilled wat.er11 the suspension being adjusted t o 

a concentration ·<>! 4 million cells per ml .• and -dUute<i l;l with the (lee ... 

tate-dextr0$8 sportila.tion mediwh This technique bas a gr eat advantage 

over procedures involving corttplex natural sporulation media since the 

nutritional environment can be acC.\U"ately controlled. Aclams (2) m«U.t ied. 

the sta.ntial.....Jn.der technique by usin.; solid media and it is his t hod 

'ltd:\leh ie the basis ot the pr-esent wo~k. 

One purpoee of thi• inwatigat:i.on waa to detem.ine the effe-ct. on 

asco$pore ionnat1on o£ varying cell population densities in sodi'Wll a.~e

ta.te solution~. Elder (9) and Adams (2) have r ¢porteci that sporulation 

varielJ greatly With the nuraber ot cella per ml. ol a given sp.crulation 

ma41um, 1n4icatina su;ite.bl.o den.e1tie~ s of otll population tor <>btai.n.tflg 

high yields ot asci. Adams (2) al.tso found that. the. optimUin number ot 

cell$ per ml. ot sporulation m6diwn varl•tt with ditterent strains. 

stantial (251 26) and Elclef' (7, a, 9) concluded. thtt.t a l:"el.ationsbip 

se«ll.ed t-o &Xist between the number of cells an!! the amount. of acetate· and 

d.extrose in a liquid culture. ln their viow the actual volume of li.quid 

is not so important as the ratio o.f the concentration of these chemicals 

to the n\Wbe:r ot e.Us. Miller an<t HeUman (lS) utili,in& aga.;r slants 

containing var,ying concentrations of acetate failed to obtain evidence 
\ 

o£ such a rela.t.ionsntp with 2 )"east stvains st~ed. They were abl.e to 

ascertain ·that seoepore !ormation was more :frequent at the lower eell 



popl.tl.ation densities in the- presenc · ot o, O.Ol and O.l~ odium 

Stantial emplo1Qd Uquid sporulation. metU.s. and )iUler and Hellman •s 

results with solid edia ma.d.e $.t advisable to repeat some of.' her work 

emplo;vtng e ta.t.e solutions. 

Another object ot tb1t present. undl'Jrtald.ng was to study scospo:1! 

.formation with respect to its const.!llc.y. '1'wQ ltlotiv.s were involved: 

(l) to ti.nd strains with high and low ~:Jporul tion tendencies to e Wlied 
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in genetic crosses (2) to detel'!!line the amount. of variation under apparent

ly uniform conditions ot a given strain. The results ol genetic eross$:J 

could only ~. val.id U.' st:ratns did not how too much va.rilll.bility w.itb 

"spect t.o their sporulation tendencies. 

Elder (9) .found ve.r1ab.Uity to be a problem in her work and performed 

cuc:p ri.~ents to detemne Whether cenain phaaee of ht~r teehniqu~s were 

responsible, but without suoce. • The writer lso bas noted expected 

va.riati.one in sporulation. In an at.t$!lpt to determine whether tho eell.G 

were ten.eitive to some factor in the envi:r·o ent or to some step in the 

tecbni~ue certain experim nts were ce.rri d out. , Th studie or previous 

w.orkers indicate that temperature,. p.H •. a.M moisture ovet a. wide :range are 

not critical. Thereto~ these were not studied tu.rther. but instead 

number of ot.her taet..ors were investigated. 

The tinel p~oe o.t the preeent research was. to study the et'1'ect of 

various '¢he:rnicals <m th sporulation of the F.tl~ f$train1 and ineidents..Uy 

to <lev$l.op mhf sporulation me41a. Sttcb tafJk 1.8 'WOrthwhile in that no 

uni.ven~al. sporul.ation medium ba bo o.•v~ed. for y.a,t . A · ec.iium. which 

etim\t.letee sporul t.i.an witb. one pec'iee or .genus may be unsuitable for 

another. ThU& the development of new sporulation edia. would aid research 



contr1'but to undf)rstanding ot \b sporulation process • 

METHODS AND MAtEP.l ' 

Th$ yeaet stvain e ployed to~ tho most part in t.es• &tudl$ has ben 

d-e&ig.M.ted. as Btl"a.in F .. J. by previous -workers in th. Department of Bio. OfCh 

·C :aster Utrl:versity.. It 'Walil isolated t'rom pacltaged l•"l~isehlnann •a yeast . 

Other cultures used .during tho ooura ot expc:r:lmentation we:r isolated by 

th. dilution plate method. Pour plAt s were made usin~ high dil utions of 

Fl.eiseh.'nann•s dried yeast pellets.. aOt!llnercial yeast normally contain 

b~cteria and to prevent their growth streptomycin 'tla a.dd9d to th pl ting 

Tho proced:ur~ followed for obtaining a cospc:res was ba.stld on Adams t 

(2.) odi !cation ot tlw St.antial-FJ.aer meth~. cell.s were allow ·d to 

multiply tor tJ) hours a.t 2"fi e. on sol1\ll p"sporula.tton medium. T'he 

cells lMre \ben . ov from t h p:resp~1on ~ttm by an inoculating 

n dle ~ suspend d in Gter111zed diatUlt:ld ter • The susp@ns.ion tro.s 

then adjuated to the PPNPriat ceU population density with the o.id of 

t hen pippetted 

i nto S ml. .. o1 a $porul.ation me¢l.tn ot twioe tl'le doairE!d concentration~ 

After ~' o.e w.. ot t he sporulation culture was pippetted into s t er 1-

l ize4 vials, l.S •· • in 4iaa1Ert.-er Md 4S wa. in length. The vials 'Wer\i then 

incubated at 2.,0 o. for 7 Clay ~ at whic t!rno SPQrulation percent ges were 

deteroine ·• 

Th<t b.ove teahniqua of eow:-se involved a l.iqu.icl upo:rulatiori e<l.ium. 

A mue~ sim;pl r procedure also loyect involved the use of a. olid &P01"\l-. 

Ution medit.mt. Here the cells wen s i.m:pl,r trans.fe~ ~Y N1 inocul.atins 
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needle•) f'tom prespot"Ul&t.ion slants t<"J spoNl.ation slants which were then 

inoubat.ed t o;: 7 \ia.y;. 

The percentage ot cells t~t bs4 :to~ed asci was estimated by i!OO:ltllin ... 

b;g 200 cells tram ea·eh vU.l. or slant.. All. asci includod in tb()) result s 

an U.sted u being a .. or 4• spore4• e~ples ot 'both ttpe~s are given in 

Fii•• land 2. Qne- end :3•spo:red asci WJ."e not · counted since ·l•spore« 

ab¢1 m18ht be mistaken for a veget-ative cell while a 3·spored auci might. 

easUy contain a tourth etpore hidatm bt:lneat.h; nt;nco t he latte:at" were 

ee>u,nt~ •• 4-spo:rQd, $;sgi. 

ln the &qerl.nwnt• tQ foUow, 5 rep11ote1.l wer\t alwaye ~ployed un

lt$8 ot.ll•Nise statea.. Also, ~ese otbend.se stat4td1 a eolld pl'e$porul.a• 

tion rnfktium waa ued f¢llow~ b7 a Uquld sporulation medium. 

The terms ptl$porula.t1on udium and spot'Ulation mtlK!ium will be t.lStd. 

t:rvqu.ntl;r in the wsrk to follow. T®$8 may btl: defin~ aa toll.owtu 

(1) Ptes;potul.at.ion m~i•·~ Jnedium Qn which cells a~ propogatecl prior 

to \!'I.Ul$hrr~ to 41 $,portda.\i()n ~ediUltl, (2) SpoJ'Ulati"'t'l medium.·- ar&1 nutdiura 

t.o wh.teh cells are transf.enoed in or<te:r to ea.use ~seospo~ to.rmation. 

fue pt-.aporul.ation me4ia emplo7ed. were: 

{l} A solid mediw in which .S% do!lttro:s'J a.nd 1% yeas.t mraot.(Di!oo) were 

~ded t.o nutrient a~r (Difco) . 

(2) least. Nitrogen base a.gus ... -.prepareci by adding 2.;~ bs.cto agar to the 

yeast nitrogen 'base liquid .medium d~lope<i oy Wickerham (28) ami sold 

OOmlnereia.l.ly b:y the Di.tco Corporation. 'l'hie medium which. lack' ~ eubon 

$.ource was develop~ tor carbon a$sim13A..tion teste in yeast ta.xm~y. 

All prespQ:rul.a.tion aedia t~ertt in. a solid .torm. 'the media. wore d:\.s ... 

" p$1sed 1n S ml. quantitieS~ in tett tUO.s.. The pr.e.e.porul.ation medi.~ !Il$8t# 

com=onl.y used •• that conta1rd.ng dextros;e and roast extract . 
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The sporulation media used were: 

(1) Sodium ao-etate solutions .. •prepa.red by adding weighed arnounts of sodium. 

acetate to a.n appropriate volume of distilled water. For the :tttost part a 

0.1~ sodiUl)l acetate solution was sed. 

(2) Acetat e agar- ... 2. 5% baeto agar was added to a 0 .1~ sodium acetate solu

tion. I n one experiment other salts of acetic acid were studied. 

(.3) Solutions of fruoto$e, glucose, mannose, glucose l ... phoephate, fructose 1, 

6 ... diphosphate1 histamine, glueosa.mine and potassium dihydrogen phosphate . 

{4) The foregoing solutions were prepared as solid media as well by the 

addition of 2.5% baeto agar. 

Control tubes or vials were included in each experiment . If the sporu

lation medium was solid, 2. 5$ bacto agar was used as a control . If the 

sporulation nu•dium was a liquid, ~stilled water ;served as the control . 

EXPERIMENtAL 

(A) EFFECT OF L.IGRT ON ASCOSPORE FORMATION 

Adams (3) perfo~ed a number of expe~ents comparing sporulation in 

darkness and diffuse light and found no important difference . Other than 

this work, the effect of l i ght on sporulat.ion has not been stud.ied at this 

university. 

I n this preliminary eXperiment 1 sets of vials containing sporulation 

cultures were placed under varYing light conditi ons (a) continuous darkness 

(b) continuous light from a 25 watt bW.b (c) near a north window wher-e 

conditions of direct sunlight never prevailed (d) near a south window 

where the cult ures were exposed to direct sunlight in the morning. 

Table I shows the sporulation pereentages obtained under the various 



Ascospore for,aation und•~ 4 conditions of illumination. 

Continuous derkn sa. 

Light from a north window, 
No direct s~i~J~. 

Cc>ntinuou.s li.ght tran & 

2' watt bulb. 

tight froJn eouth window, 
D;tr ~t sw.lli@.lt in the morning. 

1qr cent yield of 
Asci 

* ch .fig,u-e based on an •~tion of ~000 cells ; 200 fro·. eaeh o 
' vial.o , · 

L.s.n. = 6.; tor P o.o; . 
9.1 to't' P o ~ot. 



1isht conditions. 

ttl@ nsul.ta delll{>nf.lt:t:•ate that oell e.xpos~d to atro..'"lg direct light a." 

l'S$ apt to sporulate than are c:ellu ~·hieh are never expo$ed to light 

during the speru1 tion period. 

{Jl} 'l'Hlil RELA'rlc.N OF 1tHE CEIL POPULATION DENSITY Ul OF Tim AGETA'I'Ift CONCEN

!1\ATtON TO THE l1~UENOY OF ASOOOPOHJ~ FO:!MATIOtf. 

Cells obtained tl"QQlt slants .of §;g dutre>se nutrient agar conta~ 

l% ;reaet extract. were ~ced in tho' .to).lowing aon.centBtitm$ ot aoct!um 

a.eetatet J·O~ 1.0,. 0.3, o,l, o.o.) and O. Ol%. With each .Qo.'1centration 9 . 

cell pO'pu.la.tion densities -~ us·enh 161 81 4; 2, 1.1 o.s, 0.2$, O,l2S and 

0.0625 m:illlon aeUs por ml. Sinee the densities were $djusted with a 

haemoa.yto.1:1eter somE) inna.euracy mJJiff be· ell!pect.•d. 

'lhe Hflftl.l.ts of tbie experiment are ~ar:b~Eld in ns. J . The e~U 

population density ol 4 million per t.nl.. ·SI.l~ed optiml.lnl for ucO$pore forma. 

tion. rega.tdlesa o!' the e.¢etate eon~~ntl"atiQH, OtheJO 'WOtk~rs, 'll"mnaine. (27} 

an4 Ade1'11a (2) a~oeJita.itted an app:ro~te value q£ l mill1<m cells pe.r ml, ,. 

to rf)p:reaent e.u. optimlm dunnc 1.1he e<:>u.1•se <ltl the.u studies . 'il'h$ optimum. 

a~otate conetmtt-a.tion would. $ppear to ~ o. l o1r o.Ol%. Adams (l} and 

El.der ( 7,. 8~ 9} &how a. preference tor the former figure whUe FoweU ( 10} 

hll$ ree~ntly obtained optimum spoNl~t.ion in hi~ stl"&ins with a o. :1% 

&c,tat~ concentration. 

ot in~rest is the f~quene;r ot tp..spored asei throtaghout the ~~eri .. 

ment as sl'lown 111 Fig. 4• In g~neral the trends 1n Flgs . 3 ·and 4 are mo.,. 

or lese comparal)le. Only abo\l;t haU of the sporu.tating cells .t'otmeJ!i 

4 .... nport'Jd &!;'lett. T~ne {27); hCrf.S a~ that b; Modifyi.ng the p:Actporula. .... 

tion medi'Wlt t.~ $t1o ~f t.-apor.d a.se.i/tot.a.l nUitlber ot a.sei, ean be varied. 



(C) S Wlr:;f> r V 'W.Tl :.5 l ' d lt: ASUiU.).tUiCE OJ? ASCCSPOBZS UfiDER APPAR:tl!'l' :t 

UIUFOl ' Cot~DITI Ct'JS. 

JJurins t ·JOr.' ;tnconsisteneio in ) e ds l'lera so;:1 til:lfh.s found £rom 

on · ~~er:l.raent t o another, using cells from the saxue. $'t.ora.ge cult\.U"e and 

keeping porulation conditions a.s urdfo , s possibl • ~ erlmotts in 

this ~ee ion rep sent an effort to account for the!o i ncon$i$teneies 

(l) Vartat:lon in a.scoeport formation a.w.ong yea ... ·!:. ise>U.tes . Ada.ma (3) 

ha. ... l!Hl,f;gcst.ed th~t v ... ria;tion in the ability t o for1 l.SC spores 'J" be ex

pe.cted not onl;y & .• on,.. i eo ~e3 !rom a s • le package ot ye st but mon.e 

the pros;en,r o ... presum. ~ ingl. cell ieola"tces. An tt~pt has been made 

tio ev · u.at this varlr1 ion with t.hf' geneM..eel taetox· in mind. 

Dilutions of yeast eell lrom a Fleise!'r~ ' . yeast a · were. plated 

on S% de:x:tro~;e m~trt nt agar con ainin"' etreptw:crc 3..") lt Je .,t extract . 

'rhirty .... s ven i "'Olations "" mad to n., a ol 5% de.xt.roee nu: riont ga.r 

l% ye &t ext.raot and subcultured once . Sporu.l.a.:tion cultures ere then 

I"$pal"$1,. Four e.JQ:)$r:i.mt:lntt~ were perf'o~d., aeh with 7 to 10 ieol.il.te ,. 

a.ble 11 indio t.ft$ thAt t.he e.biUty o foan sOoGpores variad g:ru;t 

<le&l ~ -~ tb.e isolates . oev•raJ. iaoJ.~te.s yielded rola.t:i.vely tew · ci 

while one isol te yi .lded 5~ uei. 0 the 37 i o ates » 7 i l.ded J '5% 

aaci. Uowovert these values . $t'll Qbtainod tota.:l.ly from the last two experi

ments wher; yields were nota. J..y higher. 

Represent · t1 cultures t the tc_ goi.ng isol tee wen cheeked fo-r 

their sporulation const.ancy one month later. ?able :0: s1'1mi!larlsee th 

results* Obvio\l$l.y the high and lo. porulating is la.tes tended to gi. e 

a.soo~ ore yield$ that howd less diveHity than 1n th~ p:revJ.ou,$ lillq>eriment. . 

A .t'urt.het" ~ rim.ent in t.he tucey- of ~ riabllity j.nvolV'ed a comp rison 
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'l'ABLE n 

Variation in a.ac1 yield& fj:~7 isolates £1"0Ul a ;yeast eake. 
·.-._::~r: 

Isolations from · 
Pl at:ffii Aa . 

ls.ola.te Initial p~t cent Second per 
o. yield of asei. cent yield 

., _, 

l 
2 

' 4 
5 
6 
7 
a 
9 

. . of a.seL 

10 . 

Isolations !rom 
Plat~!!& ftt . 

Isolate Initial ptr cent Seeond per 
No. yielci of al!fd. . cent yield 
· · . ol aagi 

$ • j • J. . ' 

42.5 
31.4 

)0, 0 

I __ ~ . - . . - - I 

Isolations from 
, taarw E 

Isolate Initial per 
No. _cent yie~d 

Second per 
cent Yield 
ot asci • 

u 
l2 
13 
lA 
1.5 
.16 
17 
lS 
19 
20 

n 2 

. . or asc1 • 

[ . 

1.3** 
1.6. 5 
$.3 
0 
8,1 
0.4 
4.4 
4.9 u..o 
s•2 . .. 

Isolate Initial J)*r Secolld per 

t . 1 

No, cent yield cent yield 
., aact. ot taci . . 

22.6**** 
19· 5 
o.1 .:n.; 
O, l 

)4. 8 
26,1 
31. 7 47.0 
)0, 2 38. 2 
7.1 

;z,z :n.o 
E.ach tigw:te based on an examination of lOOO cells; 200 from each ot ; 
via.la. 

' ' 

t .s.o. • 6, 'f tor P .o.os 
9.1 tor P 0.01 

t ,s.D. = 7•3 for P o.os 
9· 9 tar- ~ o.01 

L.s.D. • 4,3 for P o,os 
; .a tor P o.o1 

**** L,s.n··• ~ . ?' tor P o.os 
s.o tor P Q.Ol. 

s.s tor P o.o.s 
7•4 for P o.ol 
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ot the variability shown b)TlO isolates, pr~suma lT arising tram &ingle 

cells, ll'Oln a single neisch."'lann t s yea.Gt packa e and that hown by subcul, .. 

tures .t'r= one ot these single c U isolates. Ten isolations ·ere made 

fraa dilution. plates contd.ning 5it dextrose nutrient agar plus yeast ex• 

tract and st~ptOl'.Vein to pt-eoporu.l.a.tion. elants n\lmbered l. to 10. Six 

hours alter inoculating slant number l translers re mad fJ'Om it to 10 

oth r • resporulation tube , thtlse sub-1eolat being nam~d l{a), l(b}, et•. 

fable III summarizes the results, which show indications in both 

cases of variat:ioo. Howevrer 1 variation wa.s not nearly as prono'Wl.ced. as 

in the previous expertment•• 

(2) hf£ect Of time of ~Cubation on aecospore formation. 

The problem investigated here was to relate the ereent sporulation 

to the time ot incubation ot sporulation cultures with a view to determin-

1nj whether it u a factor in causing va.:rying yields •. 

In this experiment 20 ml. quantities of sporulation culture suspension 

were placed 250 · • Erlenni-eye:r f~*'• .F:I.S• S indicates that nta.:Wl\W 

sporulation wata reaehld in 4 days . The results show that the 7-day 

incuba.ticm time uoed in these st'Qdiea1 while longer than necessart1 ehoul4 

not. be a taotor in the variation in ascospore yiel.d.e ainoe the cw-ve bas 

flattened out long before this point is reached. 

Adams (2) note4 no differences in sporulation percentages for a 

single sporulation culture alter per1ods of 7 and l4 days, which is 1n 

&gt'$&lnent With ·the foregoing . 

($) The e!ff3ot on asc.oapore formation of washing cells. 

During the course of exp rimentation Ascospores were occasionally 

found in the distilled water controls . It was thought th&t perhap ome 

dext.tos$ carried. over tro the presporulation medium with the inoeul.Ulll 



TABLE In 

A comparison of the variation shown by 10 distinct isolates and 
that shown by 10 subcW.tures trol::l a: single isolate. 

Isolate 
r ' er 'cent Yield leo late Per cent yield 

• Not · , ,ot ~ci No • ot ec; . , - c 

l 33·4* l( ) 33.1* 

2 )l.l l(b) ).). 2 

3 20. 2 l(c) 29. 0 

4 29. 5 l(d.) 29.4 

·s 19. 0 l(e) 27.1 

6 30.9 l(t) 29. 0 

7 ')0. 7 l(g) 2S. 9 

g Contamination l(h) .39. 6 

9 :n.4 l(i) 25 .• 8 

l.O 29. 9 l(.J) u .o 

*EG\ch figure bas d :on a.n examina;tion ot 1000 cellss 200 trom each ot 
5 Vials . 

L.s .D. = 7.1 for F 0.05 
9.6 for P o.ol. 
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migbt b$ tho ea. us~ of this sporulation. Stantial (251 26) anct Ad.amG 

(l, 2; .3) have shown that dextrose in the appropriate concentration does 

~tinrul.ate asco$pOl•e i'onnation_. t ow.- 1! the cells are washed presW!l$.b~ 

all dextroa~ would be re.mov.ed from their surfaces. 

A cell ausperud .. on was divided into two parts, one part of the sus.. 

pension being l':asbed1 the ~ther not . The washing ot cells involved eentri .. 

ft.tging the oelle for S minutes 1 the supernatant being poured 'ot:r. Sterile 

water wa.6 ttum added and a new trUSpooaion torm~d. &tter second eentrl.

tugtng the s~ernatant was again poured oft and tbo cells were r-osuspended. 

The re,ults ~s presented tn Table tV show that the washing of cells 

did not affect sporula'\1on e1:t.hetl' in dil!itilled wa.tet- or in a.eot.ate solu .. 

tion, 

(4) The &tfect ef impurities in Witter on ascospore formation •. 

This •xvertment waa pert'otmed t.o <let•~ w-hether impurities in the 

diet1lad water ~t affect sporu.lation ai~l!cantly. 

SpoJ'\llation cultuns With and without sOOium a.eetate were J)l"epa.red 

using 4 aources of wa.ter (l) distilled water trozn a tin Uned Barost.ea4 

still; (2) water !r<D tbis stiU passecl through an ion abso,rpt1on tube; 

U) water tr-om t.h1s stUl. distilled twice t~ugh a aass stUl.; (4) t .ap 

wa;~er'"' Oells to be placed in each o£ these 4 types or vater were first 

wa~bed in it . 

The results of the experiments are shown in Table v. It seems evident 

that ve.riat ion in wat~r source had no etfeet on sporu.l.ation. Thus it is 

unlikely tbat iulpurit:hts in the distilled water used throughout, the· e.xperi• 

.raents e.re a cause of variability. No appreciable sporulation was noted 

in th~ absence ot 4\eetate in this experiment . 



TABI..E IV 

Aaeospo:re f ornw.t i on l:ly wa.ahed and unltaGhed cells in distill-ed 
wa.tet and o.l %- acetate 3(}lutton. 

· trea.tment ()f 
Cell.a 

Per cent .yieid of asci 

__________________ ._ __________ ._ ___________________ ___ 

Washed l.4.s 

Unwashed 27.1 

*Each figttnt based on an QXandnation of 1.000 cel lsJ 200 trcnn each 
or 5 Vials • 

.r..s.D. :; 6.0 for P o.os 
7.7 for P 0 . 01. 

lS 



Sperula.t.ion il'i O., l% acetate solut.iQn with water' variously 
treatod. 

Distilled wate:r from Ba:rn$t.ead 
still 

Distilled water tro.m iarnetead 
eti.U passed tb:ro'l.l.gh an ion 
absorption tube 

Oie-tiUta wate.r from Barn.~tead 
atiU twice distilled th~~h 
a ~S$ ~tiU 

Per ~ent yield of 
s.sci 

l.7-4 

*mach figure based &n an exanl1nation ot 1000 cells J 200 
fzoom each ot S vials. ·· 

L.$ .. D. : 3• 7 fo't' P O. O, 
S.O tot P 0.01 

16 
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(D) THE EFFECT OF VAlUOOS CHEMICALS ON ASCOOl'ClftE FORMATlOl. 

(l) 1'he eval.u.ation ot certain chemicals as sporulation stimulants . 

El en ch mieals w.-re u ed i n the first experiment. Som have been 

U$&4 as sporul_ation st.im\.Jl.ante by other workf.\lrs .. Stantial. (251 .26) and 

A<iuw (1, 2, 3) studied glucose, mannose, fructose and acetate whUe 

Ronodort (20) showed tha,t. histamine induced ttM) production ot zygospores 

in PiJlcep:ces lye!lef!!AA • stanti&l. (25, 26) also used dih;tdro en pota.e

si phosphate. Other cheicals such aa gt·ue()$amine, glutaric a.eid an<! 

pbospboryla.tea ugars ant being utili~e<t for the t.il"st time in. the stuc:ly 

ot spontlation :l.a Sa.ccharom,yce to th writ r • knowledge. 

ten chemicals wffre added to distilled water 1n the concentrations 

shown in '1* . ble VI . Sportlla.tion cultures were made with ach <>f the 10 

media, tb.e· results ~1ng tabulated in Table VI . 

Olut rie acid, glucooamin and glucose promote4 lit~le if any sporu

lation. Also there is slight evidence of st.imulatio ot seospore produ.e .. 

t.ion by .hist.a.mine and i'ru.ctose as compared witb: the distiU d water control, 

'With rtts eet to the sug rs used,. mannose gave oat promise as a 

sporula;t.ing agent, exceeding the· etteet of glucose and .fractose. Stantia.l 

(26) su.gge ted ma.nnose as being the best sporulating medium amQ the 

sugars used by her. The eff.ects of ueose an4 fructose, however, are 

oontl'aey t.o their e.tteets as noted by Stantial. (26} Qtld Adams (1} . 

tbe phosphorylated sugars gave the highest yields . Since in respir&• 

tion sugars l.lltlSt first be pbosphoeylat.ed such results might btl expected. 

Stant1a.l (25, 26) .tound that potassi · dihydrogen phosphate di<l not 

enhance ascospore formation. The r.sults here support t.h1 since the c ... 

l:>in.ation of acetate and dinydrol!len potassium ptwspha;~e caused no increase 

in Jield over the acetate medium alone. 



'fl:le efi'ect o,t various Uquid sporulation media on the p•r cent 
yield a.s asci. 

O.Ol% Fructca 
o.os% FNcto$e 
O •. Ol%. Glucose 
0.0;~ Glucose 
0.01% nnose 
O.OS% Manll0$e 
0 .01% Histamine 
0.05~ Histamine 
O.Ol.,~ GJ.ut rl.<;: acid 
O.OS$ Glutari~ acid 
0 .01~ Glucosamine 
o.os• Glucosa~ 
O.Ol$ Glucose-l.phosphate 
o.o,% Glucose ... l - phosphate 
o.Ol~ .Fru.ctose-1, &.diphosphate 
0.05~ Fruct~se-1, 6-diphosphate 
0.1$ .Na. acetate + lUiz!'04 
O. l.$ a. ac•tate 
Distilled water 

Presporulation edium 

$% Dextrose 
nutrient agar 

1.9* 
0 
Q 
0 

2.4 
0. ) 
0 
0 
0 
0 
0 

0.2 
10.6 
1.8 
) . 9 
5.9 
4.2 
1.5 
1.0 

S% Dextrose 
nutrient + l~ 
z~ast extre-et 

6. 6 
0 
0 
0 

u .; 
0. ,3 
J.s 
0.4 
0 
0 
0 

o.l 
22. S 
27. 8 
11.4 
21.8 
1).6 
14.1 
7.6 

** 

Each ligure based on an examination o£ 1000 ceUs ~ 200 trom each of ' 
Vi.als. 

* L.s.D. • .2.0 tor P o.o, 
2. ? tor I> 0.01 

** L.S.D. : 5.3 tor ~ O.OS 
7.2 tor P o.ol 

18 
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Table Vl also hows the effect ot adding yeast extract to the pre

sporul.tJ.tion edi • It gre :t.ly increased. sporulation when present, as 

already note by 'fremaine (27) . 

'l'he effect of san ot the chemicals w investigated further in 

another experiment in which glucose, fructose, mannose, the 2 phosphor,r

late<i sugars, sOdiun acetate, dieydro en potassiU!ll phosphate were used 

in solld sporulation edia. In this ext,eriment the range ot concentra• 

t1ons was .xpanded and only 3 replicat.•s were used. 

The results are sho'lm in Fig. 6. It can be seen that glucose, man

no e and. fructose· behave si.mUarl.y regar,ding their effect on ascospore 

tormat1on. 'fhe optimlR for all J was a 0. 0028 olar, (0. 05%) con.centra

tion in water agar whicb eorresponfi to tho figures ·mentioned by Elder 

(7, a, 9) and dams (4) . Little sporvJ. tion occ~:rred above 0 .028 

molarity (O.S%). It ia interesting to note that mannose ga.ve the highest 

~Sporulation of the ) sugar$. Fructose also yielded higb val\l\es while 

gl.ucos,• was the l a.st stim-ulating. lt is not. clear why fructose and 

glucos~ showed less satista.et.o:ry results as solut1oll$ in the preceding 

o:periment . 

tthe phosphor.rlated hexose ugars yi.elded different results than did 

the hexose:J , All concentrations for the hexoses and their phosphorylated 

ded.vattves re expressed in term$ of molarity and thus the etteet o£ 

eqwal. numbers of molecules can be compared. Although the phosphorylated 

sugars did not give as ~Ugh yielcla e.s· mannos , glucose and fructose, 

bighest sporulation occurred •t the ~her concentrations of the .fomer 

where t.he Yiel £rom the hexoses wa low .. 

In Table VII the etrect or KH2Po4 ~ solid agar is studied. Obviousl,r 

the claira by Stantial (2.5, 26) t.bat. cU.Jvdrogen potassi phoephate d.oe$ not. 



TAStE VII 

The effect _of acetate .~ 1H2P0411 in a solid .med1um1 on 
ascospore for.aation. 

Water agar + O. l." eJ..ueose 
+ O. l~ ltll,2P04 

Water asa.r + O. l% glueos• 

Per cent yi ld 
of uc!.* 

4.1 

2.,, 
26. 6 

*'&acb tigure based on an exu:inatio.n ot 600 cells; 200 trom 
each of ) slants. 



21 

st.imul.ate sporulation is substantiatecl. 

The effe.at of glucose-1-phospbate w s studied further in lUl ~£fort, 

to determine the concentration which gives ~urn sporulation. Table 

VIII i ndicates that the range of concentrations from 0. 1 t o 1. 6% gJ.ucose

l•phosphate indue-a about 10~ aporulat1on with no clear opttmum. The 

per cent yield o£ asci in this experim(U}t was not as high as in the 

preceding, but it is noteworthy that. ascospore t'o~nation occurred. t the 

high concentrations . Presumably a eoncentration ot 0.72'/, glucose-1 ... 

phosphate in water agar would yield s tisfaetory results as a sporulation 

medium s.i:noe t.hie concentration ga.ve the highest J'ields in t.he previous 

experi ent and a one of the 2 concentrations t o ive the axi.Jnum asci 

yiela in this experim nt. 

(2) '.l'he et'feo't. ot ad<U.ng certain chemicals to tbe preeporulatton 

and sporulation m~dia. 

This expe-riment was designed to det.emine Whether contact with a 

Chllllical prior to b$ing exposed tQ it in the sporul t1on edium is stimu

lating to spol"\1lation. The chemicals stuclied nro dextrose and the soCii , 

a.tmiQniWA and magnee1QI'n salts of acetic acid. 

The presporul.ation mediw:A con.isted of Yfi4t nit gc base agar to 

which the chemical being at.u<li..ed was added in a 1~ concentra,tion. In each 

case cul.tares were transferred twice on tbis medium,. atter 48 hn. incUba

tion and then placf!d on water agar containing the same chemical. li.a a 

control Slt dextrose nutrient agar containing l % yeast extraot was also 

used as a pre porul. tion medium. 

The results are presented in Table IX. Prominent growth on the 

yeast nitrogen base presporulation medium. occurred onl.y with <lextrose 

and growth was rel tivel.y slight with the other carbon sources . 



The effect of various concentrations ot glucose-l .. pho~:Jphate , 
in water agar, on sporul.a.t.ion. 

Per cent concentration of 
gl.ucose ... l - plmspbate in 
uter agar 

0. 0?20 

0.14 

0 .72 

1 

l . l 

1. ,3 

1.6 

Per cent ¥1'14 
ot asci . • 

,.s 
u 

11 

8.2 

7.3 

7.7 

1o.s 

* Each figure based on an examination ct 600 coells ; 200 f .rom 
each of ) slants. 



Yields ot aecospore.a Qn 4 sporulation edia produced b.Y cells tran 
various preaporulation media. 

S orulation mediun 

Water agar 
-r o.o.s% dextrose 

W'ater agar 
+ 0.1- Na., acetate 

Water aga.r 
-r O.l$ Mg. ao•tate 

Water agar 
-t o.u KH4 cetate 

Presporulation medium 

¥*teaet nitrogen base 
agar + 1% d.ext.J;"'se. 

'$ Oextrose nutrient 
agar + l~ Yea:at extract. 

least nitrogen base agar 
+ l$ Na. acetate, 

Per oent 
;yield of 

1 • a,ec • . 

1.2 

; .o 

S:t Dextrose nutrient t- t- -t- + + 
agar + l~ Yeast extract . · .26 . 0 

Yeast nitrogen base agar 
+ 1% tg. acetate 0 10. ) 

s~ t)af.roae nutrient agar i" + + ............ 
t l$ teut extract ''· 

Y.aat nitrogtn base agar 
+ 1~ HMJ. acetate 0 0 

0.17 

* Each figure based on an examination of 600 cell ; 200 from each o.t 
. .3 vials. 

** 'orowt.h on. least nitrogen base • o. 
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Yields o · sci were low with dextro5e and ammoni acetate in the 

sporulation edium., The taet that onium aeeta.te did not stimulate 

sporulation with either ot tbe presporulation d1 i a point ot 

intere t . Saito (21) has shown t onia or compounds yielding ammonia 

are detrimmt to porulation inS coharo~oes under certain conditions. 

Yi lds were greater when a n si or sodium cetate was present in 

the sporulation me(U,'I.Ift4 But. when either · acetate compound a•:rved as the 

1:)arbon so~ce in the pr~sporulation ll!edium the sporul.at.i.on wa.@ greatl,y 

di.minisheci. Evidently' growth, '1111 · h t he acetate c-ompound in the prespora

lation medium, does not prQ4uce cells which will give as hi gh sporUlation 

yields as with the uaual presporula.t.ion mediUU.J. fhi& is pro ably due to 

the poor gl"C'Wth on the r•aet nit..ro.gen baae prespo~t:ion Uled11:.11l with 

acetate u the carbon source. 

About ooe nth alter the completion ot the exp•nmemt minute raia-.1 

reas of yes.at ceU appeared on the aurtaee o.t the yeast nitrogen base 

agar slant with acetate as the Cal"bon source. These ar.as re$emble<l t.be 

daughter colonies s0f.i1et::tmee noted in bacterial eW.tures and which are 

ascribed to mutations . Po~uJibly mutations. be.re have given rise to cells 

a.ble to use acetate more readily as a carbon source. It would l>e inte.rest ... 

1ng to study t.b upo:rulat:ton of cells tran theee a.re s on an acetate 

sporulation edi . • 

DISCUSSION 

It. is evident trom the preceding work that ascospore fo:rmation in 

acetate solution is con<U.tioned gr a.tly by enviro!Qental factors . 

ln a preliminary experiment light conditions were shown to a.ttect. 

the percentage ot asci produced. The results of this xperiment are not 



conclusive i themselves but ouggest that further studies of light as 

t ctor in ascospore tor.mation may prov• worthwhile. 

The studie relating to cell population density indicate that a 

density of.' 4 million cells per llll,. approximates t-he optim tor the 

z·e lese of the a-cetate concentration. The opti.nrutn ae.-

t.a.te cone nt.ration ranged tr 0.01 to 0.1$. · 

2S 

Sts.ntial, (25; 26) and H:ld.er (7, s, 9) eonelu.deci that the concentra

tion o£ ttw acetate was n<:>t iral>Ort.ant ra,gard.i.ni sporulatien but ~·attuiir 

that the ratio 'between the ~unt o£ ac~tate and th.e population densitY' 

determined t e extent or sporul tion. That is, the cell populatiQil 

density for a.x1ntta porula.tion would vary with the cetate concentration. 

'I'ho writer's findings are a.t variance with this view. 

Variability of ascospore !ormation was studied by a. series of oxperi

mente. Sine strong diffuse light was shown to adversely affect sporula

tion; during the eour e of experlr.umt tion cells wer never expos«! to 

uch an environment. '!'he period of incubation in Uquid medium used 

t.hroughQut the e.xpetilnents wu st~.tdiod and the resultti revealed that this 

was not a factor lrlhich ~'W.d O$Use all¥ ~ea.t. varia.bUity in sporulation • 

.Likewise impurttisas in the water source U3ed during e...'Q)erim nts were 

found ta o ~.ts no important variation in ascospore formation. The fa.et 

hat c . l were not washed d~ing the cours. ot experimentation proved 

to be un1mpQrlaut as a factor in c.:~.using a. strain to VI(J.l"'J its sporulation 

potential . 

That variability occurs 1n the •acospore yields tran an isolate under 

appar(lJ;ltl.y' uni .orm conditiona se a evident fFQIIl the e.xper · ente~ and 

beto.:r• dependa.bl genet.ie studios ;:an b made on s rula.tion, such 

v&riat1on must be control led. 'l'he oau,se ot such va:ria.tion ha.s not been 
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determined as yet nor has the reason .for the sporadic occurenoe o.f sporu

lation in distilled water from tim to t.Ul.e b en found. 

It i the opinion ot the author that eh.angos in cell population den

sity ~ere a actor in vari~bility, but certainly other factors, as yet 

undetermined; were involved. In the future a cell population density (' 

cetate liquid . ~ 1 · ) of 4 million per - • is euggested as a method of 

m1nbd.z:i.ng "tarl.abUity. 

In the stw:lies on chemical stimulants to sporulation parti eular 

attention was paid to the sporulation medium. Some of the sporulation 

media studied w re not new, having been studied by stantial (2S, 26) d 

Adams {l; 2, 3}. However such studies w re useful in that ·they confirmed 

for the most par the resUlts of these workers . 

To the writer *s knowledge the effect on yeast sporulation ot phos

phorylated he.xoses had not 'be•n studied previousl.T. Hawk4tr (1.2) however, 

has stimulated perithecial. pl"oduetion in Melansoota de1$tru.ene with such 

sugars . Glucose-1-phospha.te and fructose-11 6-diphoophate were lese 

e!fectiv• at low concentrations and ~re e!teetive at higher concentra

tion$ in a soUd medium than the corresponding b-.xoaes in atimulating 

ascospore pi'Od.uction. The toUowing wore found to have little offect 1n 

etiJUula.ting sporulation at the concentrations used in the expedment.a; 

histamine, glutaric a.o1d1 gl.ucosamine1 and. dihyd.togen pota;si um phosphat • 

Certain general fi.ndingp were noted d'lll"ing the experiments and are 

wort~ of discussion, 1he first has to do with the frequency or !ormation 

of 4-spored asei . , ne o! the sporulation media, even the phosphorylated 

sugars, produced as many ;...,.spored asci as did the 0 .1 sodium acetate 

solution or agar, nor· we:re they a$ consistent in ascospore production ~ 

Secondly, sporulation in distilled water is not additive. That is, 
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sporulation in distilled water when it oeQurs is not c.orrelated with high 

sporulation in acetate solution. Also sporulation never seemed to occur 

to any degree on water aga.r. Probably the most important point regarding 

sporulation in distilled water is that it did not occur at very high cell 

,population de.-tsities nor at. extremely- low cell population densities but 

generally in. the range 4 to 0 .• 5 million cells-per ml.. 

A. third point o! :i.nter()st is the fact that from tiinc to time 4 ... spored 

asci seemed characterized by the fact tba.t th moth~r cell had started to 

bud. In some e.xperiments almost every 4-sp<>red ascus showed this feature. 

\fhil.e in others this phenomena was absent . 

Finally throughout the course o£ the work the writer has noted tba.t 

yields of ascospores are generally higher in a s<>lid ·sporul.at.ion medium 

than in liquid .medium. This point is discusoed at. lengt.h by Aclama (l) . 

Both Tremaine (27) and Adams (J) have disc:qssed the practical aspects 

of the techni.que to obtain ascospores. Both aphasize the suggestion 

ot Pomper (17) , that the aeth.od woul4 bt more a4vantageous than method• 

involving complex natural med..ia, sine• the nutritional environment can be 

exactly controlled, which is ot great itnpcrt.ance in the stud¥ of the in

heritance of adaptive enzyr.nes in yeasts. 'the vri.ter found the main asset 

of the method to be 1 ta sizaplicity, a feature which Pha.tt and Mrak (16) 

.found },$.eking in the Stantial.•!lder technique. This simplio-tty in 

technique was of val:ue in studying sporulation stimulants. 

For high ascospore yields with a liquid sporulation medium the writer 

suggests a change in t cbnique. substituting ~ cell population density of 

4 millio.n per ml. . 1n place ot l million per ml. . as used by Adams, (1, 2,3) 

and Tremaine ( 27) . 
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smiJtiARY 

l . Strong diuct light apparently tended to inhibit spo~ti·oa . 

2. The aptimu:n cell population density for sporulation in acetate 

solution was of tho order of 4 million per ml. Thi was not af.facted by 

vari t i ona · t acetate oonco.."ltration. 

' · Tne optinlum socii ceta e con ntn.tio.n ot' the liquid sporula-

t 1on mcdi~ wae f ound to be O. l%. this was not affected by variations 

in \he cell po~ulation density. 

4• 'V'al.•i abillty i n sporulation occurl"ed not c;mly atAo isolates 

fi'Om a sin .~ yeast pakeage but al o &lnong s ub-cultures of single 

isolate . The f'a.Gtor behind this variability were not found . 

5, · Fructose- l, 6-diphosphate and glucQse•l-phosphate were to 4. 

to yield asci t high concentrations , b<;Jing less etf'ective at lew con

cent r ations and ore effective t higher concentrations t han the corres

ponding he.:lroses . 

6. E2tpo:llure of cells to acet t e in the presporula.tion m d1 prior 

to their aontaet w:tth it i n t.h$ spo:rub.tion medium did not 1nerea.ee 

&:port.U.ation. 
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PI4_TE I 

Fig . 1 . Cells from a 7 day culture on water agar T 0. 1% sodium 
acetate showing 2- spored and 4-spored asci. x IS'oo. 

Fig. 2 . Cells from a 7 day culture on water agar +- 0. 1% sodium 
acetat e showing a 3-spored and a 4-spored ascus . x 3 ooo , 
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Fig. 3. The effect of cell population density and sodium 
acetate concentration on sporulation. 
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Fig. 4. The effect of cell population density and sodium 
acetate concentration on the production of 4- spored 
asci . 
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Fig . 5. Abundance of asci present in 0. 1% sodium acetate solution 
during a period of 21 days after inoculation. 
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Fig. 6. Abundance of asci after 7 days 
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