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The Bffect of Certain ¥nvironmesntal Pactors on
es gerevisiae (Meyen) Reess

Ascospore Foruation in Jae

INTRODUCTIOR

Yeasts have becowe an incressingly laportant subject of genetie
investigations., Ease of culture, speed of growth and industrial signifi-
cance are factors contributing to the developing interest in yeast
geneties,

Prior to Lhe observations of Jchwann in 1839 (24) confusion reigned
as to whebther the yeasts were fungl or algae, He cbserved that yeast
cells would form new interior sells and that these wers liberated by the
bursting of the parent cell. Later de Seynes (5) and Heess (18, 19)
defined the morpholeogy of these interior cells more clearly. It was
Reess who showed that their development resembled the development of the
endospores of the lower Ascomycetes, Therefore he termed these cells
ascospores and the mother cells aseci. He also was the first to observe
that yeasts sporulate well on boiled carrots and on slices ol other vege-
tables. Heess Mever, did¢ not reoalize that these cells were [ormed
sexually. De Bary (4) postulated that the ascospores were sexual in
nature, Finally Satava (22, 23) and Winge (23) described the process
of diploidization in Saccharomyces, observing that cell fusion occurs
immediately after germination of the ascospores. Later Winge (29)
proved the existence of haplophase and diplophase generations in

Sagcharomyces.



De Seynes, Reess and Hansen developed various methods for inducing
yeast cells to sporulate. Hansen (11) transferred vegetative cells grown
in putrient broth to blocks of gypsum or plaster of paris, & method origin-
ally devised by Eagel (9). This method is still widely employed., More
recently Hrak, Phaff and Douglas (14) induced sporulation on a medium
containing the julces of cucumber, carrot, potato and beet mixtures, an
improvement of Reess's vegetable mdmn indegren and Lindegren (13)
developed a medium consisting of glycerine, caleium carbonate, grape
Juice and the extracts from beet leaves and roots and from dried yeast.
Ascospores were found to develop in a few weeks on this medium, but if
spores are desired sooner, plaster of paris blocks are used as a supple-
ment by many workers. ’ ;

Stantial (25) was able to induce sporulation by adding orange, lemon,
grapefruit, lettuce or tomato juices to washed yeast cells in a water sus-
pension, Filtered mpcfrult. Jjuice gave the most satisfactory yields of
asei, wp to 90-95¢ sporulation, most cells having sporulated by the end of
6 days incubation at temperatures between 17-30° C. Stantial (26) deter-
mined the active ingredient of the ﬁuius to be a sugar, She then used
nrim sugar solutions at varying concentrations and compared their
effects on sporulation, Mannose and maltose gave i}hc highest yields,
70-80§ sporulation, At the same time she employed a number of chemicals
including potassium and sodium chloride, sodium propionate and acetic
acid, Later she found that certain salts of acetic acid were highly
stimulating, Stantial (25, 26) and Hlder (7, 8, 9) who continued her work
chose a sporulation medium containing 2 mg., of dextrose and 15-20 mg. of
acetate per 20 million cells. :



Elder suggested the following detailed sporulation technique: The
cells are cultured in flasks containing a filtered heat sterilized tomato
Juice as a presporulation medium. The cells are {reed from the medium by
filtering and washing or by centrifuging and washing. Then the cells are
suspended in sterilized distilled water, the suspension being adjusted to
a concentration of 4 million cells per ml., and diluted 1:1 with the ace-
tate-dextrose sporulation mediuwm., This technique has a great advantage
over procedures involving complex natural sporulation media since the
nutritional environment can be accurately controlled. Adams (2) modified
the Stantial-Elder technique by using solid media and it is his method
which is the basis of the present work,

One purpose of this investigation was to determine the effect on
ascospore formation of varying cell population densities in sodium ace-
tate solutions. Hlder (9) and Adams (2) have reported that sporulation
varies greatly with the number of cells per ml., of a given sporulation
medium, indicating suitable densities of cell population for obtaining
high yields of asei. Adams (2) also found that the optimum number of
cells per nl., of sporulation medium varied with different sirains.

Stantial (25, 26) and Elder (7, 8, 9) concluded that a relationship
seemed to exist between the number of cells and the amount of acetate and
dextrose in a liquid culture, In their view the actuasl volume of liquid
is not so important as the ratio of the concentration of these chemicals
to the number of cells, Miller and Hellman (15) utilizing agar slants
containing varying concentrstions of acetate failed to obtain evidence
of such a relationship with 2 Mt strains studied., They were able to
ascertain that ascospore formation was more frequent at the lower cell
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population densities in the presence of 0, 0.0L and 0,1% sodium acetate.
Stantial employed liquid sporulation media and Miller and Hellman's
results with solid media made it advisable to repeat some of her work
employing acetate solutions.

Another object of the present undertaking was to study ascospore
formation with respect to its comstancy. Two motives were involved:

(1) to find strains with high and low sporulation tendencies to be used

in genetic crosses (2) to determine the amount of variation under apparent-
1y uniform conditions of a given strain, The results of genetic croasses
could only be valid if strains did not show too much variability with
respect to their sporulation tendencies,

Elder (9) found variability to be a problem in her work and performed
experiments to determine whether certain phases of her techniques were
responsible, but without success, The writer alsc has noted unexpected
variastions in sporulation. In an attempl to determine whether the cells
were sensitive to some factor in the envircmment or to some step in the
technique certain experiments were carried out, The studies of previous
workers indicate that temperature, p.H. and moisture over a wide range are
not eritical, Therefore these were not studied further, but instead a
number of other factors were investigated,

The final purpose of the present research was to study the effect of
various chemicals on the sporulation of the F.J. strain, and incidentally
to develop new sporulation media, Sueh a task is worthwhile in that no
universal sporulation medium has been developed for yeast. 4 medium which
stimulates sporulstion with one species or genus may be unsuitable for
another., Thus the development of new sporulation media would aid research



in yeast taxonomy and genetiecs., Also in the future, such work as this may
contribute Lo an understanding of the sporulation process.

METHODS AND MATERIALS

The yeast strain employed for the most part in these studies has been
designated as strain F.J. by previous workers in the Department of Biclogy,
HeMaster University. It was isolated from mu&g:d Fleischmannts yeast,
Other cultures used during the course of experimentation were isolated by
the dilution plate method., Pour plates were made using high dilutions of
Pleischmann's dried yeast pellets, Commercial yeast normally contains
bacteris and to prevent their growth streptomyein was added to the plating
medivwa,

The procedure followed for obtaining ascospores was based on Adams!'
(2) modification of the Stantisl-Elder method, Cells were allowed to
multiply for 48 hours at 27° C. on a2 solid presporulation medium. The
cells were then removed from the presporulation medium by an inoculating
needle and suspended in sterilized distilled water, The suspension was
then adjusted to the appropriate cell population density with the aid of
a haemocytometer., Pive ml. of the cell suspension were then pippetted
inte § ml. of 2 sporulation medium of twice the desired concentration,
After mixing, 0.8 ml. of the sporulation culture was pippetted into steri-
1lized vials, 15 mm. in diameter and 45 mm., in length, The vials were then
incubated at 27° ¢, for 7 days, at which time sporulation percentages were
deteranined.

The above technique of course involwved s liquid sporulation medium,
A mueh simpler procedure alsc employed involved the use of a solid sporu~
lation medium. Here the cells were simply transferred by an inoculating



needle,) from presporulation slants to sporulation slants which were then
incubated for 7 days.

The percentage of cells that had fommed asecl was estimated by examine
ing 200 cells from each vial or slant, All asei included in the results
are listed as being 2~ or L« spored, examples of both types are given in
Pigs. 1 and 2. One- and J-spored asci were nol counted sinee l-spored
ascl might be mistaken for a vegetative cell while a J-spored ascl might
sasily contain a fourth spore hidden beneathj hence the latter were
counted as L-spored asci.

In the experiments to follow, 5 replicates were always employed un~
less otherwise stated. Also, unless ctherwise stated, a solid presporula-
tion medium was used followed by a liquid sporulation medium.

The terms presporulation medium and sporulation mediwe will be used
frequently in the work to follow, These may be defined as follows:

(1) Presporulation mediume-any medium on which cells are propogated prior
to transferring to & sporulation medium, (2) Sporulation medium--any medium
to which cells are transferred in order to cause ascospore formation,

The presporulation media employed were:

(1) A sclid medium in which 5% dextrose and 1% yeast extract{Difco) were

added to nutrient agar (Difco).

(2) Yeast Hitrogen base agars--prepared by adding 2,5% bacte agar to the

yeast nitrogen base ligquid medium developed by Wickerham (28) and sold
L1y by the Difco Corporstion. This medium which lacks a carbon

source was developed for carbon assimilation tests in yesst taxcnomy.

A1) presporulation medis were in & solid form, The medis were dis-

pensed in 5 ml. quantities in t;ﬁ tubes., The presporulation medium most
commonly used was that containing dextrose and yeast extract.



The sporulation media used were:
(1) Sodium acetate solutions--prepared by adding weighed amounts of sodium
acetate to an appropriate volume of distilled water., For the most part a
0.1% sodium acetate solution was used.
(2) Acetate agar--2.5% bacto agar was added to a 0.,1% sodium acetate solu-
tion. In one experiment other salts of aeetie'aeid were studied.
(3) Solutions of fructose, glucose, mannose, glucose l-phosphate, fructose 1,
6-diphosphate, histamine, glucosamine and potassium dihydrogen phosphate.
{4) The foregoing solutions were prepared as solid media as well by the
addition of 2,.5% bacto 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 medium was a liquid, distilled water served as the control.

EXPERIMENTAL
(A) EFFECT OF LIGHT ON ASCOSPORE FORMATION

Adams (3) performed a number of experiments comparing sporulation in
darkness and diffuse light and found no important difference, Other than
this work, the effect of light on sporulation has not been studied at this
university.

In this preliminary experiment, sets of vials containing sporulation
cultures were placed under varying light conditions (a) continuous darkness
(b) continuous light from a 25 watt bulb (c¢) near a north window where
conditions of direct sunlight never prevailed (d) near a south window
where the cultures were exposed to direct sunlight in the morning.

Table I shows the sporulation percentages obtained under the various



TABLE 1

Ascospore formation under 4 conditions of illumination.

Light Conditions : Per cent yield of

Asei

Continuous darkness. 19.2%

Light from a nerth window,
Ho direct sunlighb. 28,8

Continuous light from a
25 watt bulb, 154

Iight from a south window,
Direct sunlight in the moyning. 10.2

*Bgsgaiiguru based on an examination of 1000 cells; 200 from each of
5 L8e

LBsDy = 6n5 for p Oy‘ﬁﬁﬁ
9.1 for P 0,01,



light conditions,
The resulis demonstrate that cells exposed to sireng direet Light are
less apt to sporulate than are cells which are never exposed to light

during the sporulation period.

(B) THE RELATION OF THE CELL POPULATION DENSITY AND OF THE ACETATE CONCENe
TRATION TO THE FREQUENCY OF ASCOSPORE FORMATION.

Cells obtained from slants of 5% dextrose nutrient agar contaluning
17 yeast extract were placed in the following concentrations of sodiun
scetater 3.0, 1.0, 0.3, 0.1, 0.03 and 0.01%., With each concentration 9.
cell population densitics were useds 16, 8, 4, 2, 1, 0.5, 0.25, 0,125 and
0.0625 million cells per ml. Since the densities were adjusted with a
haemocytometer sone innacuracy may be expected.

The results of this experiment are swmarised in Fig. 3. ‘rhé eell

population density of 4 mililon per ml, seemed optimum for ascospore formaw
tion regardless of the scetate concentration. Other workers, Tremaine (27)
and Adess (2) ascertained an spproximate value of 1 millien cells per ml.
to represent an optimum during the course of their studies. The oplimum
acetate concentration would appear to be 0.1 or 0.01%. Adams (1) and
Elder (7, 8, 9) show a preference for the former figuve while Fowell (10)
has recently obtained optimum sporulation in his strains with a 0,3%
acetate conceniration.

0f interest is the frequency of Lespored aseli throughout the experi-
ment as shown in Plg. 4. In general the trends in Figs. 3 and L are more
or less comparsble, Only about half of the sporulating cells formed
Lespored asel, Tremaine (27), has shown that by medifying the presporula-
tion medium the ratic of Lespored asei/total number of asci, can be varied,
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UNDER APPARENTLY

(G) STUDIES OF VARIATIONS IN THE ABUNDANCE OF ASCOSPORES
UNLFORN CONDITICHS.

During the work inconsistencies in yields were sometimes found from
one experiment to another, using cells from the same storage culture and
keeping sporulation conditions as uniform as possible, Experimeats in
this seetion represent an effort to account for these inconsistencies

(1) Variation in ascospors formation among yeast isolates, Adams (3)
has suggested that variation in the ability to form sscospores may be ex-
pected not only among isolates from a single package of yeast but among
the progeny of presumably :MG cell isclates, An attempt hos been made
to evaluate this vardation with the genetical factor in mind.

Dilutions of yesst cells m a Mmmm'a"mat calke were plated
on 5% dextrose nutrient agar containing streptamyein and 1¥ yeast extract,
Thirty-seven isclations were made to slantas of 5% Mm nutrient agar
1% yeast extract and subcultured once. Sporwlation cultures were then
prepared., Four experiments were performed, each with 7 to 10 isclates.

Table 11 indicates that the ability Lo form ascospores varied a M
deal among the isclates. OSeveral isclates yielded relatively few asei
while one isclate yielded 50% ssci. Of the 37 isolates, 7 yielded 30-35%
asci, However, these values wers cbialned totally from the last two experi-
ments where ylelds were notably higher,

Representstive cultures from the foregoing isclates were checked for
their sporulation constancy one month later. Table II summarizes the
results, Obviously the high and low sporulating iselates tended to give
ascospore yields ‘t.hat showed less diversity than in the previous axperiment.

A further experiment in the study of variability involved a comparison



Varistion in asei yields 86p3

Tsolations from ' Tsolations from
ekt A0E F1. . . Plating §2

Isolate Initial per cent Second per Isolate Initial per Second per
Ho. yield of asei. cent yield No.  ecent yield cent yield

_ of asel. of asel. _ of asel,
i 18.5* 1 T
2 0.6 12 1645
3 2,7 13 8.3
& 16.8 14 0
B ioa
7 8.2 23.8% g hos
8 Contamination 18 4e9
9 [ % 3 . 19 14,0
10 7:6 20 82
Isolations from Isolations from
—Plating #3 Plating #l

Isolate Initial per cent Second per Isolate Initial per Second per
Nos  yield of asel, cent yield Hoe  cent yield cent yield

of asci, , as asci,  of asel,
21 32,24 28 22.6%
22 30.1 29 19.5
23 15.4 30 0.1 37.5
2}, 503 2.5 31 0.1
25 30,2 31l.4 2 34,8
26 21.0 3 26,1
27 33.9 30.0 34 31.7 L7.0
35 30,2 38.2
36 73
21 AZ.7 210

Bach figure based on an examination of 1000 cells; 200 from each of §
vials.

» LeSeDe ® 6,7 for P 0,05 Wk L.S.D'® 2,7 for P 0,05
9.1 for P 0.01 5,0 for P 0,01

¥ L.8.De = 7.3 for P 0,05 Rk 1.8.D, = 5.5 for P 0,05

‘i 9.9 for P 0,01 7.4 for P 0,01

¥ L.5.Ds ® 43 for P 0,05
5.8 for P 0.0L
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of the variability shown by 10 isclates, presumably arising from single
cells, from a single Fleischmann's yeast package and that shown by subcul-
tures from one of these single cell isolates., Ten isclations were made
from dilution plates containing 5% dextrose nutrient agar plus yeast ex~
tract and streptomycin to presporulation slants mumbered 1 to 10. B5ix
hours after inoculating slant number 1 transfers were made from it to 10
other presporulation tubes, thess subeisolates being named 1{a), 1(b), eté.

Table II1 summarizes the results, which show indications in both
cases of variation. However, variation was not nearly as pronounced as
in the previous experiments. :

(2) Bffect of time of incubation on ascospore [crmation.

The problem investigated here was to relate the percent sporulation
to the time of incubation of sporulation cultures with a view to determin-
ing whether it is a factor in causing varying yields.

In this experiment 20 ml, guantities of sporulation culture suspension
were placed in 250 ml, Erlenmeyer flasks, Fig. 5 indicstes that maximum
sporulation was reached in 4 days. The results show that the 7eday
incubation time used in these studies, while longer than necessary, should
not be a factor in the variation in ascospore yields since the curve has
flattened out long before this point is reached,

Adams (2) noted no differences in sporulation percentages for a
single sporulation culture after periods of 7 and 14 days, which is in
agreament with the foregoing.

(3) The effect on ascospore formation of washing cells.

During the course of experimentation Ascospores were occasionally
found in the distilled water controls, It was thought thal perhaps some
dextrose carried over from the presporulation medium with the inoculum
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TABLE III

A comparison of the variation shown by 10 distinet isolates and
that shown by 10 subcultures from a single isolate.

“Isolate “Per cent yield Teolate  Per cent yield
Hos of asel ' lo, of ased
1 33.4% 1(a) 33.1*
2 k15§ " 1(b) 33.2
3 20,2 1(e) 29.0
A 29.5 1(d) 29.4
4 9.0 1(e) 27.1
6 3.9 i£) 29.0
7 30,7 1s) 25.9
8 Gontamination 1(h) 39.6
9 33k 1(4) 25,8
10 29.9 ) 41.0

*Bach figare based on an examination of 1000 cells; 200 from each of
5 wvials,.

LeSeDe = 7.1 for P 0.05
9.6 for P 0.0L,



might be the cause of this sporulation., Stantial (25, 26) and Adams

(1, 2, 3) have shown that dextrose in the appropriate concentration does
stimulate ascospore formation, MNow, il the cells are washed presumably
2ll dextrose would be removed from their surfaces,

A cell suspension was divided into two parts, one part of the sus-
pension being washed, the other not. The washing of cells involved centri-
fuging the cells for 5 minutes, the supernatant being poured off, Sterile
water was then added and a new suspension formed. After a second centri-
fuging the supernatant was again poured off and the cells were resuspended.

The resulbs as presented in Table IV show that the washing of cells
did not affeet sporulation either in distilled water or in acetate solu-
tion,

{4) The effect of impurities in water on ascospore formation.

This experiment was performed to determine whether m@mﬁm in the
distilled water might affect sporulation significantly.

Sporulation cultures with and without sodium acetate were prepared
using 4 sources of water (L) distilled water from a tin lined Barnstead
still; (2) water from this still passed through an ion absorplion tubej
(3) water from this still distilled twice through a glass still; (4) tap
water, Cells to be placed in each of these L types of water were first
washed in it,

The results of the experiments are shown in Table V. It seems evident
that variation in water source had no effect on sporulation, Thus it is
unlikely that impurities in the distilled water used throughout the experi-
ments are a cause of varlability. No appreciable sporulation was noted
in the absence of acetate in this experiment.
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TABLE IV

Ascogpore formation by washed and unwashed cells in distilled
water and 0,17 acetate solubion.

Treatment of Per cent yield of asei
Cells

C}.ﬁ Na. scetate Distilled water

Washed 27.6* 145

Unwashed 27.1 16.9

*Bach figure based on an examination of 1000 cellsy 200 from each
of 5 vials.

LDy ® 6a0 for P 9.05
7.7 for P 0.0L



TABLE ¥

Sperulation in 0,1% acetate solution with water variously
treabed.

Water Source Per cent yisld of
asel

Distilled water from Barnstead
still }m}'»w?*

Distilled water from Barnstead
still passed Lhrough an lon
absorption tube 17.3

Distilled water from Barnstead
still twice distilled through
& glass still 17k

Tap water 12.7

*Each figure based on an examination of 1000 eells; 200
from each of § vials.

Ewﬁtﬁ»- = 30? f@r F anﬁ
5.0 for P 0,01

16
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(D) THE BFFECT OF VARIOUS CHEMICALS ON ASCUSPORE FORMATION.

(1) The evalustion of certain chemicals as sporulation stimulants,

Eleven chemicals were used in the first experiment, Some have been
uged as sporulation stimulants by other workers. 3Stantial (25, 26) and
Adams (1, 2, 3) studied glucose, mannose, fructose and acetate while
Ronsdorf (20) showed that histamine induced the production of zygospores
in Phycomyces blakesleanus. Stantial (25, 26) also used dihydrogen potas-
sium phosphate, O(ther chemicals such as glucosamine, glutaric acid and
phosphorylated sugars are being utilized for the first time in the study
of sporulation in Saccharomyces tec the writer's knowledge.

Ten chemicals were added to distilled water in the concentrations
shown in Table VI, Sporulation culbtures were made with each of the 10
media, the resulis belng tabulated in Table VI,

Glutarie acid, gluccsamine and glucose promoted little if any sporue-
lation, Alsc there is slight evidence of stimulation of ascospore produce
tion by histamine and {ructose as compared with the distilled water control,

With respect to the sugars used, mannose gave most promise as a
sporulating agent, exceeding the effect of glucose and fructose, Stantial
(26) suggested mannose as being the best sporulating medium among the
sugars used by her. The effects of glucose and fructose, however, are
contrary to their effects as noted by Stantial (26) and Adams (1).

. The phosphorylated sugars gave the highest yields. Since in respira-
tion sugars must first be phosphorylated such results might be expected.
Stantial (25, 26) found that potassium dihydrogen phosphate did not
enhance ascospore formation. The results here support this since the com-
bination of acetate and dihydrogen potassium phosphate caused no increase
in yield over the acetate medium alone.
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TABLE VI
The effect of various liguid sporulation media on the per cent
yield as asci,
Presporulation medium
Sporulation medium ;
5% Dextrose 5% Dextrose
nutrient agar nutrient + 1%
yeast extrach
9.01% Pructose 119* éy&“
0.05% Fructose 0 0
0.,00% Glucose Q 4]
0.05% Glucose 0 0
0.,01L% Mannose 2ol 11.5
0.05% Mannose 0.3 0.3
0.,01% Histamine v} 3.5
0.05% Histamine 0 Oudy
0.01% Glubtaric acid 0 0
0.,05¢ Glutaric acid 0 0
0.01% Glucosamine L+ 0
0.05% Glucosamine D2 el
0.01% Glucose-l-phosphate 10.6 22,8
0.05¢ (lucose-l-phosphate 7.8 27.8
0.01% Fructose-l, 6-diphosphate 3.9 1.4
0.05% Fructose-l, b-diphosphate 5.9 21.8
O.1% Na, acetate + KHpPO, he2 13.6
0.1% Na. acetate Le5 14.1
Distilled water 1.0 7.6

Each figure based on an examination of 1000 cells; 200 from each of 5
vials,

*  L.8.D. » 2,0 for P 0.05
2.7 for P 0,01

e LeS.De = 503 for P 0.95
72 for P 0,01
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Table VI alsc shows the effect of adding yeast extract to the pre-
sporulation medium, It greatly increased sporulation when present, as
already noted by Tremaine (27).

The effect of some of the chemicals was investigated further in
another experiment in which glucose, fructose, manncse, the 2 phosphory-
lated sugars, sodium acetate, dihydrogen potassium phosphate were used
in solid sporulation media. In this experiment the range of concentra-
tions was expanded and only 3 replicates were used.

The results are shown in Fig. 6. It can be seen that glucose, man-
nose and fructose behave similarly regarding their effect on ascospore
formation., The optimua for all 3 was a 0.0028 molar (0.05%) concentra-
tion in water agar wihich corresponds to the figures mentioned by Elder
(7, 8, 9) and Adams (2)., Little sporulation occurred above 0.028
molarity (0.5%). It is interesting to note that mamnose gave the highest
sporulation of the 3 sugars. Fructose also yielded high values while
glucose was the least stimulating., It is not clear why fructose and
glucose showed less satisfaclory results as solutions in the preceding
experiment.

The phosphorylated hexose sugars ylelded different results than did
the hexoses, All concentrations for the hexoses and their phosphorylated
derivatives are cupressed in terms of molarity and thus the effect of
equal numbers of molecules can be compared., Although the phosphorylated
sugars did not give as high yields as mannose, glucose and fructose,
highest sporulation occurred at the higher concentrations of the former
where the yield from the hexoses was low.

In Table V11 the effect of mzm& in solid agar is studied. Obviously
the claim by Stantial (25, 26) that dihydrogen potassium phosphate does not



TABLE VII

The effect of acetate and KHgPOL, in & solid medium, on
ascospore formation.

Per cent yield

Sporulation mediws of ased.”
Water agar + 0.1% KHoPOL 345
Water agar + 0.1% glucose

+ 0.1% KHzPOL bl
Water agar + 0.1% glucose ' 2.33
Water agar + 0.1% Na. acetate 26,8
Water agar 2.2

¥Bach figure based on an examination of 600 cells; 200 from
each of 3 slants,



stimulate sporulation is substantiated.

The effect of glucose-l-phosphate was studied further in an effort
to determine the concentration which gives maximum sporulation. Table
VIII indicates that the range of concentrations from 0.1 to 1.6% glucose-
l-phosphate induced about 10% sporulation with no clear optimum, The
per cent yield of asei in this experiment was not as high as in the
preceding, but it is noteworthy that ascospore formation occurred at the
high concentrations. Presumably a concentration of 0.72% glucose~l-
phosphate in water agar would yield satisfactory results as a sporulation
medium since this concentration gave the highest yields in the previous
experiment and was one of the 2 concentrations to give the maximum asci
yield in this experiment.

(2) The effect of adding certain chemicals to the presporulation
and sporulation media,.

This experiment was designed to determine whether contact with a
chemical prior to being exposed to it in the sporulation medium is stimu-
lating to sporulation, The chemicals studied were dextrose and the sodium,
amnonium and magnesium salts of acetic acid.

The presporulation medium consisted of yeast nitrogen base agar to
which the chemical being studied was added in a 1¥ concentration. In each
case cultures were transferred twice on this medium, after 48 hrs. incuba-
tion and then placed on water agar containing the same chemical. 4s a
control 5¢ dextrose nutrient agar containing 1% yeast extract was also
used as a presporulation medium,

The results are presented in Table IX. Prominent growth on the
yeast nitrogen base presporulation medium occurred only with dextrose
and growth was relatively slight with the other carbon sources,



TABLE VIIX

The effeet of various concentrations of glucose-l-phosphate,
in water agar, on sporulation.

Per cent concentration of

ﬁi:iia:;i;phnophaz¢ in Per@;wiiézfgld

0.0720 55
0.14 n
0.72 11

1 842
1.1 Te3
1.3 7.7
1.6 10.5

¥ gach figure based on an examination of 600 cells; 200 from
each of 3 slants.
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TABLE IX

Yields of ascospores on 4 sporulation media produced by cells from
various presporulation media.

Sporulation medium Presporulstion medium Growth Per cent

yield gﬁ
¥feast nitrogen base F+
agar + 1% dextrose, 1.2
Water agar
+ 0.,05% dextrose
5% Dextrose nutrient e e
agar + 1% Yeast extract. 5.0
Yeast nitrogen base agar +
+ 1% Ha. acetate, 11.5
Water agar
=+ Gol’ Na, ascetate
5% Dextrose nutrient i Iy
agar + 1% Yeast extract. 26,0
Yeast nitrogen base agar
: € M Mg, acetate ¢ 10.3
Waler agar
+ 0.1% Hg. acetate _
5’ Dextrose nutrient agar +4++++
+ 1% Yeast extract 35.8
Yeast aitrogen base agar
+1% NH) acetate 0 0
Water agar
& 001‘ m“ acetate '
5% Dextrose nutrient agar t++++
+ 1% Yeast extract 017

* Bach figure based on an examination of 600 cells; 200 from each of
3 vials.

** Growth on Yeast nitrogen base = 0,
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Yields of asei were low with dextrose and ammonium acetate in the
gporulation medium. The fact that amwonium scetate did not stimulate
sporulation with either of the presporulation media is a point of
interest, 8aito (21) has shown that awmonia or compounds yielding ammonia
are detrimental to sporulstion in Saccharcomyces under certain conditions.

Yields were greater when magnesium or sodiue acetate was present in
the sporulation medlwa, But when either acetate compound served as the
carbon sowrce im the presporulation medium the sporulation was greatly
diminished., Evidently growth, with the acetate compound in the presporu~
lation medium, does not produce cells which will give as high sporulation
yields as with the usual presporulation medium, This is probably due to
the poor growth on the yeast nitrogen base presporulation medium with
acetate as the carbon source,

About one month after the completion of the experiment minute raised
areas of yeast cells appeared on the surface of the yeast nitrogen base
agar slants with acetate as the carbon source. These areas resembled the
daughter ¢clonies sometimes noted in bacterial cultures and which are
ascribed to mutations, Possibly mutetions here have given rise to cells
able to use acetate more readily as a carbon source, It would be interest-
ing to study the sperulation of cells from these areas on an acetate
sporulation mediwa.

DISCUSSION
It is evident from the preceding work that sscospore formation in
acetate sclution is conditioned greatly by envirommental factors.
In a preliminary experiment light conditions were shown o affect
the percentage of asci produced, The results of this experiment are not
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conclusive in themselves but suggest that further studies of light as a
factor in ascospore formstion may prove worthwhile,

The studies relating to cell population density indicate that a
density of 4 million cells per ml., approximates the optimum for the
F.de strain regardless of the acetate concentration. The optimum scee
tate concentration renged from 0.0l to O.1%.

Stantial (25, 26) and Elder (7, 8, 9) concluded that the concentrae
tion of the acetale was not important regarding sporulation but yather
that the ratio between the amount of acetate and the population density
determined the extent of sporulation. That is, the cell population
density for maximum sporulation would vary with the acetate concentration,
The writer's findings are at variance with this view,

Variability of ascospore formation was studied by a series of experi-
ments., OSince strong diffuse light was shown to adversely alfect sporula-
tion, during the course of experimentation cells were never exposed to
such an environment, The period of incubation in a liquid medium used
throughout the experiments was studled and the results revesled that this
was not a factor which would cause any great variability in sporulation.
Likewise impurities in the water source used during experiments were
found to cause no important variation in ascospore formation. The fact
that cells were not washed during the course of experimentation proved
to be unimportant as a factor in causing a strain to vary its sporulation
potential.

That variability occurs in the ascospore yields from an isolate under |
apparently uniform ecnditions seems evident frem the experiments, and
before dependable genetical studies san be made on sporulation, such
variation must be controlled. The cause of such variation has not been
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determined as yet nor has the reason for the sporadic occurence of sporu-
lation in distilled water from time to time been found.

It is the opinion of the author that changes in cell population den-
sity were a factor im variability, but certainly other factors, as yet
undetermined, were involved, In the future a cell population demsity (in
acetate liquid medium) of 4 million per mi. is suggested as a method of
minimizing variability, |

In the studies on chemiecal stimulants to sporulation particular
attention was paid to the sporulation nﬁdium. Some of the sparuls?ion
media studied were not new, having been studied by Stantial (25, 26) and
Adans (1, 2, 3). However such studies were useful in that they confirmed
for the most part the resulis of these workers.

To the writer's knowledge the effect on yeast sporulation of phos-
phorylated haxoses had not been studied previously. Hawker (12) however,
has stimulated perithecial production in Melanspors destruens with such
sugars., Glucose-l-phosphate and fructose-l, 6-diphosphate were less
effective at low concentrations and more effective at higher concentra-
tions in a solid medium than the corresponding hexoses in stimulating
ascospore production. The following were found to have little effect in
stimulating sporulation at the concentrations used in the experiments:
histamine, glutaric acid, glucosamine, and dihydrogen potassium phosphate,

dortain general findings were noted during the experiments and are
worthy of discussion, The first has to do with the frequency of formation
of h-spored asci, Hone of the sporulation media, even the phosphorylated
sugars, produced as many h-spored asci as did the 0.1¥ sodium acetate
solution or agar, nor were they as consistent in ascospore production.

Secondly, sporulation in distilled water is not additive, That is,
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sporulation in distilled water when it occurs is not correlated with high
sporulation in acetate solution. Also sporulation never seemed Lo oceur
to any degree on water agar. Probably the most important peint regarding
sporulation in distilled water is that it did not occur at very high cell
population densities nor at extremely low cell population densities but
generally in the range 4 to 0,5 million cells per ml,

A third point of interest is the fact that from time to time 4-spored
asci seemed characterized by the fact that the mother cell had started to
bud, In some experiments almost every L-spored ascus showed this feature
while in others this phenomena was absent,

Finally throughout the course of the work the writer has noted that
yields of ascospores are generally higher in a solid sporulation medium
than in a liquid medium. This point is discussed at length by Adams (1).

Both Tremaine (27) and Adams (3) have discussed the practical aspects
of the technique wed to obtain ascospores, Both emphasize the suggestion
of Pomper (17), that the method would be more sdvantageous than methods
involving complex natural media, since the nutritional enviromment can be
exactly controlled, which is of great importance in the study of the in-
heritance of adaptive enszymes in yeasts. The writer found the main asset
of the method to be its simplicity, a feature which Phaff and Mrak (16)
found lacking in the Stantial-Elder technique, This simplicity in
technique was of value in studying sporulation stimulants,

For high ascospore yields with a liquid sporulation medium the writer
suggests a change in technique, substituting a cell population density of
L million per ml. in place of 1 million per ml. as used by Adams, (1,2,3)
and Tremaine (27).
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SUMMARY

1, Strong dirvect light spparently tended to inhibit sporulatioan,

<. The optimum cell papul_aum density for sporulation in acetate
solution was of the order of 4 million per mli. This was not affected by
variations in the acetate concentration,

3« The optimum sodium acetate concentration of the liguid sporula-
tion medium was found to be 0,1%. This was not affected by varistions
in the cell population deneity.

Le Variability in sporulation occurred not only among isolates -
from a single yeast pakcage but also among sub-cultures of a single
isolate, The factors behind this variability were not found.

5. Fructose-l, 6diphosphate and glucose-lephosphate were found
to yleld asei at high concentrations, being less effective at low con-
centrations and more effective at higher concentrations than the corres-
ponding hexoses.

6. Exposure of cells to acetate in the presporulation medium prior
to their contact with it in the sporulation medium did not increase
sporulation,
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Fig. 1. Cells from a 7 day culture on water agar +.O.i% sodium
acetate showing 2-spored and L-spored asci. x I§e0.

{- s Bl SR, = ., L L}

Fig. 2. Cells from a 7 day culture on water agar + 0.1% sodium
acetate showing a 3-spored and a 4-spored ascus. x 3000,
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Fig. 3. The effect of cell population density and sodium
acetate concentration on sporulation.
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during a period of 21 days after inoculation.
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