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Pantothenic acid, discovered by Dr. R. J. Williams, has been 
shown to stimulate the growth of a number of strains of yeast 
(1). The amount of the stimulation depended on the strain of 
yeast used and some of the yeasts grew still more rapidly when 
inosite or crystalline vitamin B, or both were also present in the 
culture medium (2). Dr. Williams has generously shared with 
me some of the pantothenic acid in the form of its calcium salt 
(10 per cent calcium pantothenate), and, while this is not a pure 
substance, the pronounced effects of it invite experimental analysis. 

The yeast used in the following experiments is a pure strain 
of Saccharomyces cerevisiz, Hansen obtained from a single cell 
isolation in 1928 and which has given consistent growth since then 
(3).’ Williams’ culture medium was used and the methods and 
technique employed have been described in detail elsewhere (4). 

Concentrations from 0.05 to 1 microgram of pantothenic 
acid were added to 10 ml. portions of Williams’ original medium, 
and the yeast growth was measured by counting the number 
of cells per unit volume of medium or by measuring the density 
of the population with a photoelectric nephelometer. 

The early growth was greatest with a concentration of 0.2 
microgram per ml., but a slightly higher concentration of 1 micro- 
gram prolonged the stimulation, as shown in Table I. Smaller 
amounts of the pantothenic acid were inadequate and greater 
concentrations seemed to be toxic. The addition of 1 microgram 
of inosite and 0.1 microgram per ml. of pantothenic acid gave an 
increased growth of 25 per cent at 22 hours after seeding. The 

1 This yeast isolation is yeast No. 4360 in the American Type Culture 
Collection. 
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532 Stimulation of Yeast Proliferation 

addition of 1 microgram per ml. of thallium acetate to the above 
amounts of inosite and the acid decreased the yield of yeast by 
5 per cent. While many concentrations were used in the experi- 
ments, only those referred to in this paper are included in Table I. 

In view of the possible importance of other elements Williams 
modified his formula by adding small amounts of those elements 
known to be important to the growth of yeast (2). When the 
culture fluid is made with Merck’s asparagine, as in these experi- 
ments, the addition of thallium is less important than when other 
brands of asparagine are used (5). Therefore, the modified 

TABLE I 

Yield of Yeast As Percentage of Control Cultures Measured with a Photo- 
electric Nephelometer 

Pantothenic acid, 
microgra?n 

Inosite, micro- 
gtam. 

Thallium, micro- 
granz... 

hrs. 

22 
32 
45 
69 
74 

117 
142 

0.1 

0 

0 

124 
99 

102 
97 

100 
100 
101 

Original formula 

0.2 

0 

0 

174 
128 
124 
116 
103 
101 
103 

126 155 118 121 176 
111 125 102 100 127 
120 102 104 104 118 
145 103 106 101 123 
113 101 104 103 111 
118 113 107 110 115 
117 97 100 95 110 

0.1 

1 

0 

T Amplified formula 

0.5 

0 

1 

0.5 

0 

0 

109 
94 

109 
112 
101 
107 
105 

formula was made both with and without thallium for the further 
assay of the effect of the pantothenic acid. 

A small increase in yield of yeast is obtained with the modified 
formula but without the thallium (Table I). Adding thallium 
acetate (1 microgram per ml.) gave an increased yeast growth at 
first but slightly less growth toward the end of the cycle of popu- 
lation growth. A significant difference should be about 5 per 
cent or greater, as the experimental error is nearly 4 per cent. 

When the thallium is omitted from the modified formula, more 
pantothenic acid is required for a comparable stimulation of the 
yeast growth. The addition of 1 microgram per ml. of panto- 
thenic acid to the modified medium without the thallium increased 
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the yield of yeast by 23 per cent at 22 hours after seeding the 
population. One-half of the amount of pantothenic acid (0.5 
microgram per ml.) gave an increased growth of 176 per cent of 
that of the control when the complete modified formula was used 
(including 1 microgram per ml. of thallium acetate). 2.5 times 
as much pantothenic acid is necessary to obtain the same increase 
of yeast growth with the modified formula as with the original 
formula. The growth of yeast is dependent on mineral nutrients 
as well as on organic materials and the effect of the latter must be 
separated from the former. This will require a knowledge of the 
impurities contained in the so called reagent grade of chemicals 
used in the culture fluids. 

The strain used in these experiments is not quite as sensitive 
to pantothenic acid stimulation as some of the strains used by 
Williams and Saunders (2), which is not surprising, because it is 
well known that different yeasts have different nutritional require- 
ments. It is not possible to compare the results directly with 
those of Williams and his associates, because the criteria used to 
measure the yeast growth are not identical. A thermocouple was 
used by Williams for the estimation of the density of his yeast 
suspensions and his nephelometer was calibrated to measure the 
yeast growth as mg. of moist weight per unit volume of medium. 
This is a valid criterion for the measurement of yeast growth, 
but it cannot be duplicated in other laboratories unless the optical 
condition of the yeast and the amount of moisture are known (6). 
To show this difference I calibrated my nephelometer in terms of 
moist yeast, using a bit of yeast from the center of a Fleischmann’s 
cake. With this moist yeast criterion the maximum percentages 
of increased yeast growth (Table I) become 206 and 208 instead 
of 174 and 176. 

When the growth of yeast is measured in terms of the number 
of cells present in a unit volume of the culture medium, the stimu- 
lation of the growth by pantothenic acid is shown to be slightly 
greater than when measured nephelometrically. As the effects 
with the different media were relatively the same, the number 
data are not here given. The use of two criteria for growth 
shows that the distribution of cells of different size and the optical 
density of the cells are different when the growth is stimulated by 
pantothenic acid from those of the control cultures without the 

 by guest on February 17, 2020
http://w

w
w

.jbc.org/
D

ow
nloaded from

 

http://www.jbc.org/


Stimulation of Yeast Proliferation 

added acid. The evaluation of the effects of substances on the 
growth of yeast necessitates the use of more than one criterion 
for the measurement of the growth and the interrelations between 
the different criteria used. A critical study of this problem is 
under way and will be published in the near future. 

The stimulating effect of the pantothenic acid on the growth 
of yeast decreases as the populations grow and Williams and his 
associates have emphasized the importance of measuring the 
effect during the early growth. The smaller the amount of the 
acid added the sooner will its effect disappear. The maximum 
amounts of stimulation occurred in my experiments from 18 to 
24 hours, which is in good agreement with the observations of 
Williams. 

Some of my experiments failed to show stimulation by the addi- 
tion of pantothenic acid. When the seed yeast of the strain used is 
from a rapidly growing population that has not been restricted by 
the environment, there is very little stimulation of the growth by the 
pantothenic acid. The greatest stimulation occurs when old cells 
are used for the seed yeast. Cells from a population 7 days old 
gave pronounced effects. Such cells were beginning to change 
into the resistant cells, and when they are planted into the fresh 
medium there is a period of time, lag period, before the cell pro- 
liferation becomes logarithmic (7).2 The length of the lag period 
depends on the age of the seed yeast and when the seed yeast 
is growing logarithmically there is, of course, no lag period. 

When pantothenic acid is present in the medium, the lag period 
is shortened, demonstrating that the recovery of the yeast is 
facilitated. Whether this is a stimulation of budding or the 
furnishing of an essential material cannot be determined until 
pure preparations of the acid become available. 

The relative rate of yeast population growth (increase in yeast 
per unit of time per unit of yeast) is greater when the optimum 
amount of pantothenic acid is present in the medium. The 
difference between the relative growth rates with the acid and 
of the control culture may be as great as 81 per cent during the 
first 11 hours of population growth. Later the rate approaches 

* The seed yeast used by Williams and Saunders (2) may have been aged 
somewhat, because it was subjected to cold to aid in obtaining a uniform 
suspension of seed yeast. (Personal communication from Mr. Saunders.) 
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and becomes, within the experimental error, the same as that of 
the control culture. During the period of increased growth the 
generation time is less, so that the increased growth is due to more 
rapid cell division. 

The ultimate yield of yeast is the same as that of the control 
populations. The pantothenic acid does not lessen the progres- 
sive limiting of the growth by the increasingly unfavorable me- 
dium. When old cells are used as the seed yeast, the final yield 
is slightly greater than that of the control when the pantothenic 
acid is added. Thallium alone has little effect on the relative 
rate of growth but the period of logarithmic growth is prolonged. 
The pantothenic acid effect is more pronounced during early 
growth and the combination of both in the modified formula 
leads to a slight, but not marked, increase of yeast. The addi- 
tion of thallium to the pantothenic acid and inosite in the original 
formula decreased the growth throughout the growing period. 

SUMMARY 

Small amounts of pantothenic acid concentrate (0.2 microgram 
per ml. with Williams’ original formula for the medium or 0.5 micro- 
gram per ml. with his modified formula) produce a marked increase 
in the growth of a pure strain of Saccharomyces cerevisiaz. The pres- 
ence of the pantothenic acid increases the yeast growth by lessening 
the generation time and increasing the relative rate of growth. 
The increase is more pronounced when the seed yeast comes from 
old cultures and then the lag period preceding the phase of loga- 
rithmic growth is shortened. Little effect occurs with young seed 
yeast because there is no lag period. The acid has little effect on 
the crop, or final yield of the yeast, and the maximum stimulation 
occurs at about 18 to 24 hours after seeding the population. The 
observations suggest that the pantothenic acid stimulates the 
recovery of the budding rate of older, differentiated yeast cells, 
but whether this is a direct stimulation or due to the presence of 
an essential substance cannot be determined until the acid is 
available in the form of a pure substance. 
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