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SUMMARY

Saccharomyces fragilis grown in a whey medium was analyzed for amino acid and
vitamin contents. Qualitatively, the amino acid composition of S. fragilis was -similar
to that reported for other yeasts. The quantity of the individual amino acids, however,
was greater in the whey-grown S. fragilis. Lysine, in particular, was present at the
level of 11.14 g/16 g. N, compared to the range of 3.8 to 6.9 g/16 g. N found in other
mieroorganisms.

An extraction procedure applied to whole, dried S. fragilis cells removed 409 of
the total weight and 289 of the N of the cell preparation. The amino acid composition
of the residual protein fraction was the same as that of the whole cells, but the amounts
of the component amino acids varied from 35% of the histidine to 1009 of the serine
and valine in the whole cell preparation.

Thiamine, pyridoxine, riboflavin, niacin, folic acid, pantothenic acid, p-aminobenzoic
acid, choline, inositol, and biotin were present in S. fragilis in concentrations within
the ranges reported for other microorganisms.

The role of dried yeast as a source of proteins, vitamins, and other growth
factors in human and animal nutrition is well established. Generally, strains
of Saccharomyces and Torulopsis yeasts have been used for food purposes. In
addition to baker’s yeast and debittered brewers’ yeast, Saccharomyces yeasts
have been grown in molasses and in unhopped grain media as primary yeast
for food and animal feed. Torula yeast, although capable of good growth on
molasses medium, has been used extensively in the conversion of carbohydrate-
containing industrial wastes into protein- and vitamin-rich produets (18, 19,
23, 27). ,

Whey produced in the manufacture of cheese has often been treated as a
waste. However, in Germany during the protein shortage of World War II,

attempts were made to grow Torula utilis (8) and Saccharomyces lactis (22)-

on whey. The propagation procedures involving these strains of yeast were not
economically practical, and the use of whey as a medium for yeast growth has
not been exploited commercially. Recently, a modified procedure for the
growth of Saccharomyces fragilis on whey has been reported (29). In addition
to utilizing the waste whey, thus reducing to some extent the increasingly im-
portant problem of water pollution, the growth of yeast gives a product that
might be used for animal feed and human diet supplementation.

Analyses of the various strains of yeasts grown on different media indicate
that, qualitatively, the amino acid composition of the proteins and the vitamin
contents are the same. Quantitatively, the individual amino acid concentrations
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appear to vary only slightly within a narrow range, regardless of the strain of
yeast or the medium in which the ;-usts are grown (5, 10). The vitamins, on
the other hand, do show a wide range of variability depending on the concentra-
tion of the particular vitamin, or precursor, in the medium, the synthetic
ability of the yeast, and the growth conditions (21).

The amino acid and vitamin composition of 8. fragilis have not been re-
ported previously. The concentration of the individual amino acids and vita-
mins, however, should not vary considerably from the range of values found in
the other yeasts. The data reported in this paper confirm the fact that the
comnposition of 8. fragilis grown in whey is similar to that of other yeast species
used as a supplement in human and animal nutrition.

MATERIALS AND METIIODS

Organism. The conditions for the growth of S. fragilis NRRL Y1109 have
been described previously (29). The yeast, grown in Italian cheese whey in the
pilot plant apparatus (28), was concentrated to a cream containing 15-18%
veast solids in a DeLaval separator. The yeast was washed twiee with equal
volumes of cold tap water and reconcentrated with the separator. The washed
veast was dried on a double-drum drier. :

Nitrogen. Total nitrogen was determined by hydrolysis of the sample accord-
ing to a modification of the Koch-McMeekin method (14), followed by micro-
Kjeldahl distillation into boric acid.

Drotein. The protein contents of the samples were caleulated on the basis
of N X 6.25.

Fractionation. A yeast protein fraction was prepared by treating the dried
yeast according to the procedure of Roberts et al. (20). Five-gram quantities
of yeast were suspended successively, with continuous stirring, in 150 ml. of
the following solutions: 5% trichloroacetic acid for 30 min. at 5°C.; 7%
ethyl alcohol for 30 min. at 40-50°; ether-70% alcohol (1:1) for 15 min. at
40-50°; 59¢ trichloroacetic acid for 30 min. in a boiling water bath. The sus-
pensions were centrifuged between each solution, and the supernatant liquids
discarded. The precipitates obtained after the hot 5% trichloroacetic acid
treatment were resuspended in acid-alcobol, filtered, and washed on the filter
with 300 ml. acid-alcohol, followed by an ether wash. The precipitates were
air-dried. Three grams of a fluffy white powder were obtained from 5 g. of yeast.

Hydrolysis. Amino acid analyses were carried out on dried yeast and yeast
protein preparations hydrolyzed with 6 N HCl (0.25 ml acid/mg dry weight
of sample). The evacuated, sealed tubes containing the acid and sample were
heated in an oil bath at 110° for 24 hr. The acid was removed, and the hydroly-
sate dried and stored, in vacuo over P>Oj5 and soda lime.

Amino acids. The amino acid analysis was done by resin column chroma-
tography according to Moore et al. (15). The dried protein hydrolysates were
dissolved in citric acid buffer, pH 2.3, and aliquots placed on the short column
for the determination of basic amino acids. The remaining amino acids were
determined on the long column.



Vitamins. The following vitamin analyses of the dried yeast powder were
carried out by the Wisconsin Alumni Research Foundation: choline (12),
inositol (4), thiamine (3), vitamin Bg (4), riboflavin (3), niacin (3), folic acid
(3), pantothenic acid (16), p-amino benzoic acid (PABA) (1), and biotin (31).

RESULTS

Amino acid composition. The amino acid composition of the whole cells of
S. fragilis is shown in Column 1 of Table 1. Quantitatively, the amino acids of

TABLE 1

The amino acid composition of Saccharomyces fragilis, other microorganisms, and
yeast protein fractions

(The data are reported as grams/16 grams N)

1 2 3 4 5 6 7 8
Com-
S. frag- 12 4 Pri- posite
ilis S.frag- Brewers’ mary protein Strepto- Esche-
whole ilis yeast®  yeast® (6- Torula coccus richia
Amino Acid cells protein (av.) (av.) yeast)  utilis® fecalis®  coli*

Lysine 11.14 10.15 6.9 6.3 10.4 8.7 7.2 3.8
Arginine 7.37 7.08 54 4.5 5.7 7.6 34 4.2
Histidine 3.98 1.97 2.5 2.7 3.0 2.8 1.3 1.2
Aspartic Acid 10.40 11.16 7.2 7.2 10.2 7.6
Threonine 5.57 6.46 4.6 4.9 7.5 5.4 3.3 3.1
Serine 5.21 6.96 4.2 4.2 7.3 e 1.9
Glutamie Acid 15.24 13.26 10.9 109 7.9 14.5 10.1
Proline ... 4.31 4.0 4.0 4.9 2.6
Glycine 4.24 4.63 4.0 3.9 4.5 0.4 4.6 .
Alanine 7.21 8.17 5.5 5.5 7.8 5.7
Valine 5.72 7.78 4.9 4.7 8.0 6.3 4.5 6.1
Methionine 1.57 1.24 13 14 2.0 1.8 1.9 2.0
Isoleucine 5.05 6.00 4.3 3.9 6.1 7.9 4.1 4.3
Leucine ... 9.60 6.0 5.3 8.0 7.5 4.7 8.3
Tyrosine 4.57 3.42 3.3 34 4.1 2.2
Phenylalanine 5.05 5.39 3.0 3.2 4.4 5.1 2.8" 2.8
Nitrogen 7.97 9.59 7.8 8.3 8.9 76 - 13.2 12.0
Reference (6) (6) (6) (13) (25) (2)

* These analyses are of whole cell preparations.

8. fragilis compare well with the average concentration of amino acids in 12
strains of brewers’ yeast (Column 38), four strains of yeast grown expressly for
feed or food purposes (Column 4), and 7. wtilis grown on wood sulfite waste
liquor as a feed yeast (Column 6). For the most part, the concentration of the
amino acids is somewhat higher in §. fragilis. It is interesting to note that the
concentration of lysine is considerably greater in §. fragilis than in the other
yeasts. This factor may be of importance in considering S. fragilis as a dietary
supplement, particularly in view of the importance of lysine in nutrition.

The amino acid analysis of the whole yeast cell does not represent the com-
position of the true yeast protein. The protein contents of the whole cell is
generally computed from the total nitrogen determination (N X 6.25). The
total nitrogen, however, includes nucleic acids, free amino acids, and nonprotein
nitrogen compounds such as choline and glutathione. The pure protein may



actually account for only 64-67% of the total nitrogen (9), and can be deter-
mined only after the removal of the extraneous nitrogenous matter. There s,
however, no standard procedure for preparing purified yeast protein. Whole
yeast cells have been treated in various ways with a number of solvents. The
results of these treatments may be questionable with respect to the quantity
of nonprotein nitrogen removed.

A study was made of the protein fraction of S. fragilis. Five-gram aliquots
of the whole yeast were extracted as described in Methods. A 40% loss in solids
resulted from this treatment. This protein fraction contained 9.59% of N, or
60% protein. The fraction, therefore, was not pure protein. If the nonprotein
nitrogen components had been effectively removed, the remaining protein may
be combined with carbohydrate or lipids, both of which are present in the yeast
cell. Analysis of the yeast protein fraction for amino acid concentrations yielded
the results shown in Column 2, Table 1. The differences in the amino acid con-
centration (based on 16 g. N) between the whole yeast cell (Column 1) and
the yeast protein do not appear to be very great.

The quantity of the amino acids extracted by the treatment was calculated
as shown in Table 2. Total amino acid concentrations were determined for the

TABLE 2
Total, combined, and extractable amino acid content of Saccharomyces fragilis*®

Total Combined Extractable

Amino Acid (rg.) (rng.) % total

Lysine 266 183 31
Arginine 175 127 27
Histidine 96 34 65
Aspartic Acid 260 200 23
Threonine 138 116 16
Serine 130 126 3
Glutamic Acid 377 : 239 37
Glycine 105 83 21
Alanine 7 179 147 18
Valine 142 140 1
Methionine 39 22 - 43
Iscleucine 125 108 13
Tyrosine 114 62 46
Phenylalanine 125 97 22

* Total amino acids in 5 g. dried 8. fragilis prior to extraction described in Methods.
Combined amino acids are the residual amino acids in the 3 g. material remaining after treat-
ment. Extractable amino acids include the free amino acid pool, polypeptides, and soluble
proteins. They are determined as the difference between the total and combined amino acids.

5 g. of yeast prior to extraction. The yeast protein amino acids, or combined
amino acids, are the residual amino acids in the 3 g. of material remaining after
extraction. The term combined amino acids is used to include any amino acids
that may be complexed with carbohydrates or lipids, as well as the pure protein
material. The differences between the total and combined amino acid values are
the extractable amino acids. This fraction should include the components of
the free amino acid pool, polypeptides, and soluble proteins.

The range of concentration of the extractable amino acids of 8. fragilis,
grown in whey medium under the given conditions and extracted as desecribed,



varies considerably, from essentially no serine or valine to 65% of the total
histidine present in the yeast. Approximately 45% of the methionine and
tyrosine, and about one-third of the lysine and glutamic acid were extracted.
The other amino acids were soluble in the treatment solutions to the extent of
13 to 27% of their total concentrations.

Vitamin composition. The vitamin composition of 8. fragilis is shown in
Column 1, Table 3. The concentration of the vitamins in §. fragilis compares
well with that reported for other yeasts (Table 3).

DISCUSSION

8. fragilis can be grown in a whey medium to contain 50% protein. The
strain of yeast and the medium on which it was grown have no influence on the
amino acid composition of the protein and only some slight effect on the con-
centration of the various amino acids. The amino acids in 8. fragilis do not
differ from those found in other yeasts grown in various media, and the amounts
of the amino acids fall, for the most part, within the range observed for other
yeasts. 8. fragilis, in common with most of the yeasts used for food purposes,
is low in S-amino acids. 7. utilis grown in sulfite liquor also was low in S-amino
acids and had to be fortified with methionine to give values comparable to
casein (11) in feeding tests.

Analysis of the whole yeast cells for amino acid composition can yield mis-
leading information about the protein structure. The quantity of some amino
acids may be reduced through reaction with carbohydrates during acid analysis.
On the other hand, the apparent concentration of the amino acids in the yeast
protein may be greater because the free amino acids, and those liberated from
polypeptides by acid hydrolysis, are also included in the determination of
amino acids. The extraneous nonprotein nitrogen and carbohydrate compounds
should be removed from the yeast to avoid these errors. There is no stand-
ardized method for accomplishing this, and many procedures have been used
(5). The method of Roberts et al. (20) has been used for the extraction of
Escherichia coli and the materials removed by the various solvents were described
in detail. Applying this procedure to S. fragilis removed 40% of the weight of
the cell preparation and 28% of the nitrogen. The remaining material was not
all protein; it may be protein combined with carbohydrate or lipids. The ex-
tractable amino acids are of interest in view of their possible importance in
" protein synthesis. For instance, serine and valine are present entirely in the
protein, or combined fraction, whereas 65% of the histidine in the cells is present
as extractable amino acid. The other amino acids are present in the extractable
fraction in varying concentrations. The total nitrogen contents of the yeast will
vary. S. fragilis growing in whey alone may have a nitrogen content of 4.9%,
whereas in the media containing 1% (NH,)2SOy, the growing cells may contain
8.2% N (80). Since the true protein fraction of the yeast will have the same
 amino acid composition and concentration under all conditions in which the
yeast can remain healthy, only the amount of the amino acids in the extractable
fraction can vary when the external N source is changed. The quantities of the
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amino acids in the extractable fraction may depend on the yeast strain, the
composition of the medium, or the age of the yeast (24).

It is of interest to note that in the column chromatography of the yeast
protein, or combined, amino acids, a small peak appeared in the 35th 2-ml.
fraction, before any of the amino acids were eluted. The material in this peak
gave a red color upon addition of the ninhydrin developing reagent. A similar
peak has been isolated and identified as levulinic acid in acid hydrolysates of
bean and potato fractions by Zacharius and Talley (32). The identity of the
yeast protein material has not been established. This peak was not observed in
the acid hydrolysates of whole dried yeast. The extraction treatment given to
the yeast apparently made the observation of this material possible by (1) con-
centrating the material so the small quantity present could be detected, or (2)
forming or exposing a precursor compound that yielded the unknown on acid
hydrolysis.

Although the vitamin composition of the yeasts appears to be constant, the
concentration of the vitamins will vary depending on the yeast strain, composi-
tion of the medium, or cultural conditions. Brewers’ yeast contains more
thiamine than bakers’ yeast, as normally produced, but enriched bakers’ yeast
with considerably more thiamine has been produced commercially (17). Since
it is known that yeast absorbs thiamine from the medium, this enrichment can
be accomplished by the addition of thiamine to the growing yeast, or to the spent
medium of nonproliferating yeast (26). Whey contains very little thiamine
(Table 3) ; therefore, the contents of vitamin B, in §. fragilis could be expected
to be low. Although the vitamin value is comparable to other veasts, S. fragilis
could be enriched by the addition of thiamine to the medium.

A further cause of reduced vitamin concentration is the yeast yield. In-
creased yeast yields result in less vitamin per unit cell (21). It is possible,
therefore, that under the conditions in which the 8. fragilis was grown on whey
for maximum yields, greater vitamin contents could not be achieved.
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