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In his famous reply to Hayne, Daniel Webster suggested that
before floating further on the waves of that debate, they imitate
the wise custom of the mariner who, after a storm avails himself
of the first glimpse of the sun to take his bearings and to deter-
mine how far he has driven from his true course. The suggestion
seems not amiss for the subject of this review although in this |
case we may be unable to determine how far we have drifted in
the controversies which have centered around the relation of
hypothetical substances to yeast growth for the storm of experi-
ment and controversy has not yet subsided., It is hoped, how-
ever, that a review of the subject may point out some of the inade-
quacies of the methods which have been used and also indicate in
what further directions research may be necessary.

Since the early attempts of biologists to propagate yeasts in
pure cultures under controlled conditions in the laboratory,
many nutrient solutions have been used. Important among
these are the so-called synthetic media or mineral salt-sugar
nutrient solutions. Such media have many advantages over
chemically indefinite solutions such as peptone media or sterilized
fruit decoctions. During the early days arguments centered
around the assimilation of organic and inorganic nitrogen but later
and more recently, the work has centered around a mysterious
organic substance or substances essential for the proliferation of
yeast cells, to which Wildiers provisionally gave the name of
Hbios.”

Largely because of failures to isolate ‘“bios” or to determine its
chemical identity within the time immediately following Wildiers’
announcement, the subject seems to have lost interest and it was
not until a similarity between the properties of “bios” and those
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of vitamin B suggested a possible relationship between the two,
nearly eighteen years after Wildiers’ observations, that the inter-
est in the subject was again revived. The multiplication of yeast
cells as it may be influenced by “bios” is not only an interesting
problem but a fundamental one, the solution of which will
undoubtedly aid in the study of animal nutrition and growth.
Thus it was that the work of Neuberg and his colleagues with
single celled organisms greatly increased our knowledge of the
decomposition of glucose and gave support to views advanced to
explain its decomposition in the animal body.

An effort has been made to review most of the available litera-
ture bearing directly or indirectly on the influence of “bios” or
of vitamines on yeast, keeping in mind the biological significance
of the question. Attempt has not been made to include a dis-
cussion of certain nutrient solutions which have great industrial
value (Hayduck’s, etc., ) because these solutions may not have
been prepared from chemically pure salts and sugars. The sub-
ject has been treated chronologically as far as possible since it was
believed that such a method would better show the development
of the various phases of the question. Although the period
covered in the papers which form the basis of this review extends
from 1860 to 1924, few papers relative to the subject were pub-
lished immediately after the controversy between Pasteur and
Liebig until 1901.

Pasteur (1860) was one of the first to propagate yeast in nutri-
ent solutions containing mineral salts and sugar. A medium con-
sisting of 100 grams of sucrose (rock candy) and 700 grams of
pure water inoculated with 6.254 grams of yeast was later aban-
doned for one containing 10 grams sucrose, 100 cc. water, 0.1
gram ammonium tartrate and 1 gram yeast ash, inoculated with
a bit of yeast the size of a pin head. A small inoculation was
followed by a slow onset of fermentation which extended over a
long period. A heavier inoculation insured a more active evolu-
tion of gas bubbles, Pasteur’s criterion for judging the course of
fermentation. Inasmuch as fermentation must have progressed
for some time before its products were present in sufficient con-
centration for detection, too broad an interpretation of his results
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should not be made. When applying his data to the question
under discussion it will be well to remember that Pasteur was
laying the foundation stones rather than putting the towers on
the structure of yeast metabolism. Pasteur’s experiments have
been analyzed and used as evidence for supporting arguments
for which they were probably never intended. What he demon-
strated to his own satisfaction and to that of many others was that
yeast cells were able to function normally with an inorganic source
of nitrogen, converting inorganic into organic material. It should
be pointed out in light of more recent work that Pasteur used
heavy seedings for inoculation.

Although he published full details of his experiments in 1860,
Pasteur wrote another confirmatory report on the growth of
yeasts in mineral salt-sugar media in 1874.

Duclaux (1864) confirmed Pasteur’s work that yeast could
utilize the nitrogen in ammonium tartrate and refuted a state-
ment by Millon that Pasteur’s yeast did not utilize the nitrogen
in Pasteur’s solution but that this nitrogen evaporated into the
air.

Eleven years after the publication of Pasteur’s paper, Liebig
(1871) who supported an older theory of aleoholic fermentation,
contested the statements of Pasteur in regard to the multiplica-
tion and fermentation of yeast in a medium free from nitrogenous
organic matter. He failed to get the same results when he
repeated Pasteur’s experiments and vigorously denied the pos-
sibility of obtaining either growth or fermentation in a mineral
salt-sugar solution.

For the following quarter of a century, Pasteur’s statements
that a solution containing an ammonium salt, the mineral salts
found in yeast ash and a fermentable sugar, constituted a com-
plete culture medium for yeast, seem to have been very generally
accepted. During this time much valuable work was done with
synthetic media based on the medium of Pasteur.

Mayer (1869) studied the nitrogen metabolism of yeast but
probably did not use pure cultures and consequently his work
loses much of its value in the present discussion. A little later
Niégeli (1879) reported that the weight of beer yeast from sugar
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and ammonium tartrate could be increased 12 times by the
passage of air through the medium during incubation for twenty-
four hours. Such cells were richer in fat and poorer in nitrogen,
but were weak as far as fermentation was concerned. Nigeli

" suggested that this lack of aeration might have influenced Mayer’s
results. According to Kossowicz, Nigeli was one of the first to
question Pasteur’s results.

In 1894 Beijerinck found that Schizosaccharomyces octosporus
under the best conditions showed only slight growth with ammon-
ium salts and asparagin. Peptone alone, which for beer yeast
furnished an exceptionally good source of nitrogen, permitted only
scant growth. Only such natural nitrogen compounds as are
found in malt and grapes functioned as the most useful source of
nitrogen.

In an attempted .study of the synthesis of the phosphorus-
containing organic compounds of yeast, Wildiers’ (1901) used a
synthetic medium and a small inoculum of yeast cells, thus
reducing to & minimum the addition of preformed compounds to
the medium. Such cultures either grew very slowly or did not
grow at all. Similar cultures in sterile wort grew well and fer-
mented vigorously. The significance of Wildiers’ paper justifies
a little more of our attention than can be given to succeeding
contributions.

Wildiers’ medium had the following composition:

R =3 AP PP PPt 200 grams
T CE o T J 20 grams
Magnesium sulfate
Potassium chloride

Ammonium chloride [*557c e 50 ctgr
Disodium phosphate
Calcium carbonate............o it 10 ctgr.

Fermentation flasks containing 125 grams of well aerated
medium, with 10 grams of sugar, were inoculated with varying
amounts of a culture of Saccharomyces cerevisiae I Hansen, from
sterile beer wort, and were weighed and kept at 28°. The flasks
were weighed every day and the loss in weight due to CO.; was
determined from which the amount of sugar fermented could be
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calculated. At the end of five days the flasks inoculated with 2
drops had lost nothing in weight, while those receiving 5 drops
had lost 5 to 5.5 grams. It was evident from many experiments
of this kind that with small seeding there was no fermentation in
mineral salt-sugar solutions such as Pasteur had used, while with
sufficiently large seeding there was fermentation of the sugar.
This same observation has been reported by many of those who
worked after Wildiers. By further experiments Wildiers showed
that the effect of the larger seedings was not due to the increased
number of living cells, but to the influence of a chemical substance
or substances provided by the filtrate from boiled yeast cells.
To this unknown and hitherto unrecognized constituent of yeast
water, which he considered indispensable to the growth of yeast,
Wildiers gave the name ‘“bios.”” Wildiers proposed the name
“bios’’ because it was not known chemically and because this
name would be satisfactory until the factor was better understood.
This discovery has been the center of extensive investigations
since 1901.
Wildiers described ‘bios” as follows:

1. Soluble in water.

2. Insoluble in absolute alcohol and ether; 80 per cent, however,
permits a good extraction of ‘‘bios.”

3. Not present in yeast ash. It is, then, not an inorganic substance.

4. Not destroyed by boiling for a half hour in a 5 percent solution of
sulfuric acid. To destroy it a 20 per cent solution is necessary.

5. “Bios” seemed to be changed by one half hour boiling in 1 per cént
solutions of NaOH.

6. Not precipitated by lead acetate.

7. Dialyzable.

8. Contained in Liebig’s meat extract, commercial peptone and in
beer wort.

9. “Bios” is not present in such substances as urea, asparagin, aniline,
tyrosine, nuclein bases, adenine, guanine, thymus nucleic acid, creatine,
peptic and tryptic digestion products of albumin.

Wildiers explained the differences between Pasteur and Liebig
on the basis that Pasteur used a larger inocculum (a portion the
size of a pin head) while Liebig used a smaller bit of yeast.
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While Wildiers’ work has certain weaknesses in light of present-
day methods it stimulated much discussion and experiment.
He did not use adequate criteria of growth. His conclusions
were based upon losses in weight assumably due to carbon diox-
ide from fermentation. There is a good basis for criticizing such
a criterion for it is known that cells may ferment and form CO,
after they have stopped growing. The number of cells in his
inoculum could probably have been controlled a little better.

Wildiers concluded his paper with a very pertinent discussion
of the Pasteur-Liebig controversy. He thought that the dif-
ferences in experimental results may have arisen because of
different methods of inoculation. Pasteur used large bits of
yeast; these were visible after days in the bottom of the culture
flask on account of their dark color amongst the white young cells.
When Wildiers repeated Pasteur’s experiments, he found that
there was a minimum limit to the number of cells which would
give growth and that much depended upon the nutrient medium
from which the cells were taken. Liebig was thought to have
used too few cells or they came from a medium too poor in “bios.”
He claimed that Pasteur had added, besides the living yeast cells,
an unknown but necessary chemical substance. Wildiers men-
tioned the work of Laurent, who stated that yeast could grow
without “bios” but explained it on the basis that only after weeks
and months did he weigh his cultures. Wildiers studied the
growth of yeasts {rom small seedings. The small amount of
“bios’’ contained in the inoculation allowed only slow and scant
growth; after some months much sugar was destroyed and the
yeast was visible at the bottom of the flask. Such yeast, how-
ever, is quite different from that propagated in a medium allow-
ing rapid growth. Cells from the former medium were not
healthy, their growth seeming to have been gradual, one cell
waiting for the disintegration of another before multiplying.

Wildiers could not admit the differences in the character of
growth and multiplication, if the medium was adequate, on the
basis of the use of 10,000 cells or 50,000 cells. If nothing was
lacking the 10,000 cells should be only a few hours behind the
50,000 cells. The situation, however, is different. On the one
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hand growth and fermentation continue until the sugar is gone,
on the other hand growth and fermentation go on at a very slow
rate for weeks and months, even though the sugar is not used up.
A medium allowing such slow development is not a good
medium.

There are several points in Wildiers’ paper which need com-
ment. First, he grants that yeast is able to grow in mineral
salt-sugar media but that the growth is slow and the cells result-
ing from such growth are not healthy cells. He stated that
much of the sugar disappeared when small inoculations were
incubated over a long period and that yeast is visible at the
bottom of the flask. He does not give the data on which he
based this statement; but the duration of his recorded experi-
ments does not, in any case, exceed 15 days. This statement, we
believe, is often overlooked by those who quote Wildiers’ work.

Second, he used drops of a rich wort culture of the yeast as the
inoculum. This is open to criticism since even in a drop of such
a culture there may be in addition to “bios’ sufficient food mater-
ial to start growth. After growth has once been started, “bios”
may be formed by the cells, or the old cells may break up, ren-
dering food materials available for the growth of living cells.
Third, yeast growth was greatly accelerated by the addition of
certain substances in malt and yeast water of more or less known
composition, or by some special hypothetical substance to which
he gave the name “bios.”” We are told that Wildiers found it a
painful duty to publish data which were not in accord with data
reported by Pasteur.

It is not at all surprising that a claim like Wildiers’ should
stimulate opposition. One of the first to negate Wildiers’ con-
clusions was Fernbach (1901) who suggested that the conclusions
of Wildiers were due to the presence of toxic substances inthe cul-
ture media. According to Windisch, Fernbach stated that the
only organism which is known to grow better in mineral media
than in natural media is Aspergillus niger, and that it may safely
be assumed that yeast is at a considerable disadvantage under
these conditions. If Wildiers had sown only single cells, the
explanation would have been clear, namely, that those cultures
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which failed to develop had been sown with cells deficient in vigor.
But since the mineral sowings must have been made with at least
some hundreds of cells, this explanation is not valid, since some at
any rate must have been vigorous. In Fernbach’s opinion, the
failure to develop must be put down to the presence of some anti-
septic introduced as an impurity in the salts or in the form of
traces of copper in the distilled water. The action of antiseptics
is to react with the protein of the cells, and the result of the pres-
ence of minute traces would be to kill a small number of cells
whilst allowing a larger seeding to develop.

Henry (1902) was also unable to confirm Wildiers’ conclusions.
According to Pringsheim, Henry added 3 drops of wort cultures
to 500 cc. of Wildiers’ mineral salt-sugar medium and secured
rich growth of the yeast. His results were apparently in direct
confliction with those of Wildiers who also used drops of wort
cultures as the inoculum. This makes it probable that ‘“bios”
was introduced into the synthetic nutrient solution from the wort
cultures or perhaps a sufficient amount of organic material to
allow the inception of growth. Henry used a greater number of
yeasts than heretofore had been used, about five in number, cane
sugar yeast from the Pasteur Institute, Logos yeast, Burton
yeast, Berlin yeast race II, and S. Ludwigii. The yeast cells
were thought to produce no ““bios” but used it up when it was in
the medium. If this were so, it might be expected that if minute
quantities of the above cultures were seeded into fresh mineral
nutrient solutions, there would not be sufficient “bios” to permit
development. But it was found on the contrary that when 5
drops of these cultures were seeded again into 500 c.c. of the
inorganic salt-sugar nutrient solution, the seedings corresponded
to only 1/666 of a drop of the original yeast, the second cultures
developing as well as the first. Naumann interpreted Henry’s
experiments to support Pringsheim’s acclimatization theory.

In 1901 Krieger also criticized Wildiers’ conclusions and stated
that it was necessary to take into consideration the whole physiol-
ogy of the yeast cell. Krieger pointed out contradictory state-
ments in Wildiers” paper which made it difficult to know just
what Wildiers intended to say about the formation of new “bios”
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and its disappearance from the medium. Krieger’s advice to
consider the physiology of the cell more should be kept in mind by
many of those who are working in this field today, especially
those who are trained in other fields than microbiology. Krieger
believed that cells which had been grown in a medium rich in
“bios” stored it for future needs.

Another ardent but open-minded opponent of Wildiers’ con-
clusions was Windisch (1902) who explained Wildiers’ conclu-
sions on the basis of toxic materials such as copper salts in the
media. Windisch became one of Wildiers’ active opponents
publishing several papers on the subject.

Amand (1902) defended Wildiers and refuted the statements of
the several German investigators that toxic substances in the
media explained Wildiers’ results. Amand showed that the water
was without effect. This work was discussed by Windisch which
caused Amand to continue his work. Windisch suggested that
the sugar used by Amand contained a little poison. According
to Naumann, Amand made the subject more confused because
he said that “bios’’ was consumed by the yeast without the yeast
producing any new ‘“bios.” Amand grew yeast in mineral salt-
sugar solutions containing “bios.” He showed that the yeast
used up the “bios” since a filtered yeast culture showed no “bios.”
Naumann, however, claimed that if Amand had prolonged his
experiments somewhat, he could have shown the presence of a
“Beautiful Bios” in the form of soluble protein nitrogen.

Windisch (1902) replied to Amand’s defense of Wildiers in
a long discussion. He did not agree with Amand. Windisch
stated that while he could confirm the fundamental observation of
Wildiers’ as to the inability of minute quantities of yeast to
develop in mineral media, he preferred to keep an open mind as to
the explanation. Windisch gave much weight to Fernbach’s
objection to Wildiers’ hypothesis since minute quantities of cop-
per are frequently present in distilled water. This, according to
Windisch seemed to be supported by the fact that the introduc-
tion of yeast extract enabled the yeast cells to develop. It was
stated that these yeast proteins fixed the copper. On the other
hand, the copper precipitating power of most proteins would be
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destroyed by boiling for half an hour with 10 per cent sulfuric
acid, an operation which does not—according to Wildiers—destroy
“bios.” Again, Wildiers introduced boiled, dead yeast-cells,
and failed to get development of minute sowings, but the opera-
tion of boiling would not destroy the power of the cells to react
with metallic salts. Windisch considered that the question is
important, and called for further investigation. Windisch (1902)
continued his remarks on Wildiers’ “bios” and recalled his own
experiments when it was found that small seeding of yeast failed
to develop in cane sugar solutions owing to the presence of traces
of ultramarine which had been used for blueing the sugar.
Windisch used the experiments of Nigeli on the poisoning effect
of very small amounts of metals on living cells. One type of
reaction reported by Nigeli was the death of living cells in the
presence of large amount of the poisonous salt such as 1 gram of
salt in a few liters of water. This reaction was explained on the
basis of a chemical reaction. Another type of reaction reported
by Nigeli was the death of living cells when but a small amount
of poisonous salt was present such as 1 part in several millions of
medium. To the latter reaction which Nigeli did not explain
on the chemical basis, he gave the name oligodynamic reaction.
Windisch used this experiment to show how small traces of metals
might cause an inhibition in the development of microorganisms.
He believed that Wildiers’ conclusions should be held in abeyance
but was willing to believe that they might be substantiated by
experiment in the future.

In 1902 Stern reported some observations on the growth of
yeasts in pure solutions. While his work was not concerned with
“bios” and therefore he may not have given great care to deter-
mine the purity of his chemicals, his data are pertinent to this
discussion. After a considerable amount of work with wort,
Stern used an artificial medium composed of dextrose, asparagin,
and certain inorganic salts dissolved in water. Stern stated
that this medium was a very suitable one for yeast growth and
fermentation but that it did not allow such large crops of yeast
as wort yielded when used under the same conditions and seeded
with the same amount of yeast. In order to increase the growth
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of yeast Stern finally substituted a yeast extract in place of the
asparagin. We may leave his investigation at this place since
Stern did not use inorganic salt-sugar solutions in relation to the
subject under discussion.

Amand (1904) then showed that ‘“bios’” was removed from the
medium by the yeast. According to the richness of the medium
upon which the yeast cells have grown, they may contain much or
little of this ‘“‘bios.” The cells were said to contain a large
amount of “bios’’ or only traces. Amand suggested a number of
questions. Are cells poor in “bios” able to multiply as well as
cells rich in this substance? What are the exact contents of
brewery worts? Is ‘“bios” destroyed like a sugar molecule or is
it used synthetically as are the nitrogen compounds? Amand’s
interpretation of his data is noticeably influenced by the fact that
he accepts the existence of “bios’”’ as well established. Conse-
quently, when he interprets either the growth or lack of growth
of the yeast, it is usually explained on the basis of the presence or
absence of ‘bios.”

Lindner (1905) at this time, came into the argument and gave
a new explanation. He contested the statement of Wildiers that
substances such as urea and peptone did not accelerate the growth
as did “bios.” Lindner stated that these substances would
stimulate the growth of yeast.

Kossowicz (1903) published a valuable contribution to the sub-
ject. He worked with wine yeasts Saccharomyces ellipsoideus I,
Hansen in mineral salt-sugar solutions. He followed growth not
only by means of CO, estimations by loss of weight but also by
means of alecohol determinations. Kossowicz paid great atten-
tion to the amount of inoculum which he used and therefore may,
perhaps, be looked upon as originating some of the more careful
work on this phase of the subject.

His first experiment dealt with the multiplication of yeasts in
mineral salt-sugar solutions. He placed 100 cc. of Wildiers’
nutrient solution in a cotton stoppered bottle and seeded it with
500 cells of Sacch. ellipsoideus I, Hansen. After 12 days there
was no development, after fourteen days there was a scant growth
but after thirty-one days there had been an increase in cells to 140
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million per 100 cc. of medium. The temperature of incubation
during the experiment was between 23 and 26°.

His second experiment was carried out like the first with the
exception that 1000 cells were used instead of 500. After 10
days, there was a slight development and after 27 days an increase
to 392 million cells. A parallel experiment yielded 340 million
cells.

Kossowiez’s third experiment consisted of using 100 ce. of the
following nutrient solution.

A 22115 100 ce
KOl e 0.2 gram
(NHy o BH PO, oo e e 0.1 gram
Mg O o e e 0.02 gram
CazHg (PO4)2 ............................................. 0.02 gram
Commercial refined sugar..............ooiiiriiiii 5  grams

There was no development during the first two weeks but after
forty days there were 364 million cells in 100 cc. of the nutrient
solution.

The fourth experiment was identical with the third except that
pure saccharose was used. There was no development during
the first three weeks but after sixty days, 220 million cells per
100 ce. of medium had developed. A duplicate test gave 180
million cells per 100 cc. of media.

The fifth experiment involved the use of a medium consisting

of
T, o 100 ce
U AT e 2  grams
KOl o e 0.40 gram
(NHy)oHPO . oo e e e 0.40 gram
Mgl 0. e e 0.20 gram
Casz(PO4)2 ............................................. 0.10 gram

This was inoculated with 200 cells of Sacch. ellipsoideus. After
fifty days, there were 140 million cells per 100 cc. of nutrient
medium.

These data led Kossowicz to the conclusion that with small
numbers of yeast cells, a slow development takes place. After a
month or two the number of cells was quite large. The forma-
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tion of carbon dioxide in such amounts as to be discernible with
the naked eye did not take place. This seemed to be the case also
when greater numbers of cells were used. Kossowicz’s data
caused him to state that the mass of yeast crop seemed to depend
somewhat on the presence of some organic compounds. He
stated that the addition of from 1 to 2 cc. of beer wort which had
been sterilized 3 times, accelerated the development of the yeast;
without this wort, other conditions being equal a weaker develop-
ment resulted.

He also attempted to determine whether the organic com-
pounds essential for yeast growth could be produced by other
fungi. To determine this he inoculated nutrient solutions simul-
taneously with small amounts of yeast and Penicillium glaucum.
Yeast cultures inoculated with the mold showed an active nor-
mal fermentation. The stimulation, according to Kossowicz,
was not to be looked upon as a mere symbiosis because dead mold
mycelium would also cause the same stimulation in growth. It
was due to substances which are water soluble. In 21 of 22
experiments he could not get growth in mineral salt-sugar solu-
tions when only one cell was used.

Kossowicz concluded his paper as follows:

We have seen that commercial sugar stimulates growth and fermen-
tation. Also in these cases the slight traces of organic impurities in the
crude sugar may be responsible for the stimulation. The tests men-
tioned above do not justify the assertion that for the multiplication
of yeast certain organic compounds aside from sugar, are necessary,
although it must be admitted that traces of organic compounds are of
vast influence on the rapidity of yeast growth., This work emphasizes
the saprophytic nature of the yeasts.

Kossowicz apparently connected the action of ‘“bios” with Har-
den’s co-enzyme.

Kossowiez (1906) later published another paper which showed
that Mycoderma exerted a favorable influence on the growth and
fermentation of yeast. This was also found to be the case by
Amand (1904) and Ide (1907) who found that bacteria exerted a
favorable effect on the growth of yeasts in mineral salt-sugar
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media. Martinand (1908) also reported the favorable effect on
the fermentation of yeast of Penicillium glaucum. However, in
good media such as grape must, according to Miuller-Thurgau
(1892-93) and Behrens (1902) this Penicillium may exert an
inhibiting effect. (Kossowicz, 1911.) These investigations are
of importance in connection with the investigations which are
being carried out at the present time.

In 1907 Henneberg reported an extensive study of the develop-
ment of yeasts in synthetic salt solutions. He used the culti-
vated yeasts which were used in the Instituts fiir Gérungs-
gewerbe in Berlin. Seven such top and bottom yeasts were
grown in synthetic solutions. Besides such observations as
deposit, acid formation, ete., Henneberg studied the fermentation
and growth of the yeasts. The solutions were sterilized in 50 cc.
bottles to which were added counted drops of the thick yeast sus-
pension. The cells were previously washed in water. Henne-
berg noticed that the first cultures were always more luxuriant
and explained this on the basis that food materials were carried
into the nutrient solutions along with the yeast cells In order
to avoid this, Henneberg reinoculated several times to remove
these food materials and also to reduce the food supplies in the
cells themselves. While Henneberg was not directly concerned
with the presence of accessory food materials, his data have in-
direct bearing on the question. He stated his position on “bios”
as follows: “In conclusion it may be remembered that ‘bios’
can possibly be added in the form of soda, ete., to a solution.”

Another explanation of the “bios’” question was offered by
Delbriicks (1908). This investigator stated that he had suc-
ceeded in demonstrating a poisonous substance in yeast cells
which inhibited the growth of yeasts. This substance was
demonstrable in distilled water containing salts. Delbriicks
believed that the conditions in the mineral salt-sugar nutrient
solutions were favorable for the action of this poison and that
lack of growth and dying of the cells was better explained in
this manner than on the basis of “bios.” A year later Dzierz-
bicki (1909) reported that humus had a favorable action on
growth and fermentation of small amounts of yeast.
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Quite another explanation was given by Chrzaszez (1904) who
repeated Wildiers’ work. Chrzaszez prepared Wildiers’ syn-
thetic medium with salts of the best known purity and with water
redistilled several times, the last time from apparatus of Jena glass
This investigator chose four varieties of yeast, a brewery yeast,
a distillery yeast, a wine yeast and a wild yeast. All of these
yeasts developed in this medium and Chrzaszez was led to regard
his conclusions as confirming those of Windisch—+that failure to
secure growth by Wildiers was due to the presence of toxic metals
in the medium. In order to prove this Chrzaszcz prepared Wild-
iers’ medium with the ordinary distilled water and secured no
growth as against good growth in the medium prepared from the
carefully redistilled water. Chrzaszcz then concluded that
““bios’ did not exist and that yeast would grow well in synthetic
media.

It is not easy to understand the results which Chrzaszez
reported after using the two different distilled waters. Besides
Wildiers’ solution Chrzaszcz also used several other synthetic
solutions; two of them were prepared from the same inorganic
salts with the difference that asparagin was the source of nitrogen
in one and peptone in the other. While the growth was better in
the peptone medium, it was not as good as in beer wort.

In 1906, after reviewing the work of Chrzaszez, Pringsheim
placed another explanation on Wildiers’ work. He stated that
yeasts may acclimatize themselves to mineral salt-sugar solutions
and develop therein, whether one used a heavy inoculation or
just one cell. A greater expenditure of energy was involved on
the part of the yeast when the yeast was supplied with nitrogen,
sulfur, phosphorus, etc., from mineral salts rather than from
organic compounds. If only a few cells are transferred from a
medium rich in organic matter, to the organic-free synthetic
solution, it might find the latter medium a poor one. A heavy
inoculation will contain a few cells which can adapt themselves
to the salt-sugar medium and these will develop slowly. Accord-
ing to Pringsheim, ‘‘bios” was probably protein in nature and a
protein which was especially available to the yeast. Pringsheim
explained the growth of yeast in cases where larger amounts of
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organisms were used in inoculation, by the liberation of food
substances from dead cells. This was a fact which Henneberg
had already reported. With small inoculations this food for the
cells is absent. Through repeated transplanting, the yeast cells
became accustomed to the solution so that also single -cells
showed multiplication.

Even in cases where a large amount of yeast constituted the
inoculum the fermentation was slow in starting, while transfers
from this showed results in a few days. Such cells acclimatized
through numerous transplanting multiplied later, even when the
inoculum consisted of very few cells. The acclimatization of the
yeast was one of Pringsheim’s important contributions.

This explanation of Pringsheim was denied by Ide (1907).
He cultivated yeast cells in mineral salt-sugar media and even
after weeks and months could demonstrate no change in charac-
teristics nor acclimatization to ammonium salts. At no time
could he prove that a yeast could become so adapted to ammon-
ium salts that it could do without “bios.”” No substance could be
substituted for “bios.” ‘“Bios” was said to be an organic nitro-
gen compound. Ide also stated the yeast became devitalized
in a medium devoid of “bios” to such an extent that it could
not recover even when ‘“bios” was added. Devlo (1906) also
endeavored to confirmm Wildiers’ conclusions. He inoculated 125
grams of mineral salt-sugar solution as did Wildiers but did not
state how many cells were used. Two or three weeks later he
observed a small daily loss of 0.05 to 0.01 gm. of CO,. Inten-
sive fermentation occurred in 48 hours in this solution if a sterile
“bios” containing extract was added. This was reported in
daily loss in weight varying 0.1 and 0.3 gram. He said that this
substance was a molecule contained in lecithin. It was said to be
a nitrogenous base without any relation to choline and probably
an amine. It was precipitable by mercuric chloride and barium
hydroxide and was soluble in a solution of phosphomolybdic
acid. Its chemical characteristics were: (1) solubility in water,
(2) not distillable, (3) the corresponding chloride, sulfate, and
oxalate soluble in water and in 75 per cent aleohol, (4) precipit-
able by mercuric chloride neutralized by Ba(OH)., in the form of
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2 white mercurial compound from which the mercury is removed
with difficulty, (5) alcohol below 80°, neutral or basic lead acetate
silver in acid solution, phosphomolybdic acid, phosphotungstic
acid, platinie chloride, double iodide of mercury and potassium,
do not precipitate “bios.” (6) It forms a molecule common in
nature and it is none of the alkaloid or glucosides that have been
isolated in the pure state.

Pringsheim (1907) in a second paper gave further opinions
on the subject. He gave the ammonium salts great weight in
yeast metabolism. Pringsheim found that peptone as N source
increased yeast growth with increasing peptone concentration.
Leucine, asparagin and ammonium sulfate did not seem to act in
this way. Pringsheim’s methods may be open to criticism.
Pringsheim believed that the yeast used some of the organic
nitrogen compounds for energy. About this time the literature
contains numerous publications on the nitrogen metabolism of
yeast from the laboratory of this author.

Bokorny (1907) also stated that small amounts of metallic
poisons like copper might be poisonous to a single yeast cell
while when many cells were used, a few might survive and grow;
or the explanation might be that with many cells a little copper
would be distributed in all of the cells and be too small to cause
death. The presence of the organic matter might also use up the
metallic poison. In the light of work since then, the metallic
poison explanation seems very improbable.

After the vitamin question had heen opened up this early work
by Wildiers took on new significance. It was suggested that the
substance ‘““bios” might be a vitamin-like substance and conse-
quently the literature, since 1917, is replete with publications on
this question. Even after several years of experimentation by
different ones in different laboratories, the question seems to be
just as intricate if not more so, than ever. Some pertinent facts
were reported by Kurono in 1915. He found that the addition
of oryzanin (a constituent of the outer coating of polished rice)
to fermenting solutions in very small amounts caused the activi-
ties of the yeast to be greatly speeded up. This acceleration in
growth was especially noticeable in such synthetic mediums as
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Négeli’s and Hayduck’s solutions. The amounts used were
0.01 to 0.1 per cent. Kurono also reported that the growth of
yeasts was stimulated by this substance in wort and koji extracts
and especially in the artificial media. ‘
Ehrlich (1911) has also reported that yeasts could be grown in
pure solutions containing only mineral salts, sugar and amino
acids. He found that the amino acids were deaminized and only
the ammonia was used. The rest of the molecule was excreted
as fatty acid or corresponding alcohol. The sugar was said to
be the sole source of the carbon from which the yeast protoplasm
was made. Ehrlich further studied the carbohydrate decom-
position products which were necessary for protein synthesis.
The greater portion of Ehrlich’s work is not pertinent to this
review and will not therefore, be discussed here. He was espe-
cially interested in an elucidation of certain phases of yeast me-
tabolism and probably worked with pure solutions. The same
problem interested Lindet (1917) who placed yeast in a solution
of pure sugar and ammonium sulfate; these materials were then
the sole source of carbon and nitrogen. The fermentation was
very slow and only a small amount of yeast was formed by weight.
Synthesis of proteins by yeast fed with amino or ammoniacal
nitrogen in the presence of pure sugars alone proved very diffi-
cult. Addition of not more than 2 per cent of other carbohy-
drates such as gum arabie, tannin, or brown sugar or peat, caused
the fermentation to proceed more rapidly with 3 times the forma-
tion of yeast. These data, of course, do not necessarily indicate
that the increased crop was due to hypothetical substances.
Susuki’s work with oryzanin stimulated Kita (1914) also, to
investigate the relation of this substance to the assimilability of
maltose by yeast. He used a synthetic medium with the follow-
ing composition: 1000 grams of water; 0.25 gram magnesium
sulfate; 5 grams KH,PO,; 5 grams of ammonium nitrate; and a
few drops of ferric chloride. To 100 cc. portions of this medium
were added the following types of maltose: 5 grams of maltose
which had been extracted with absolute alcohol, 5 grams of unex-
tracted maltose, and to a third flask 2.5 grams of each kind of
maltose. These culture flagsks were inoculated with loop-fuls of
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yeast culture. Data presented in the paper indicate that the
purified maltose was less readily assimilated by yeast (Saccharo-
myces saké) than impure maltose. Kita believed that this was
explained on the presence of an oryzanin substance in the unpuri-
fied maltose. Such reasoning has also been characteristic of quite
a little of the work in this field. Why should he explain his data
on that basis rather than on the presence or absence of a chemi-
cally definite substance? Kita probably added very little of value
to the discussion.

Volk (1915) experienced no difficulty in using yeasts grown in
synthetic solutions in animal feeding. Williams (1919) was one
of the first to study this question with the idea in mind that vita-
mins were essential for vigorous growth of yeasts just as certain
other substances (vitamins) are necessary for animals., He grew
his yeasts in synthetic salt solutions to which small amounts of
the materials to be tested were added. From this work it was
stated that the anti beri-beri vitamin was essential in yeast
growth. When a very small amount of the alcoholic extract of
‘““protein-free” milk, wheat germ, lactose, or fullers earth acti-
vated by wort, were added to the synthetic media, growth of yeast
cells was hastened. This, according to Williams indicated the
identity of the water-soluble vitamin in different materials.
This work was carried out with single cells. Williams did his
work with a pure culture of yeast secured from the Fleischmann
Company which would indicate that it was probably a culture of
Saccharomyces cerevisiae. The correctness of Williams’ hypoth-
esis rests, then, on the absolute identity of vitamin B. neces-
sary for the growth of mammals and birds, and the accessory
substance which stimulates the growth of yeast. Williams’
medium had the following composition.

Cane SUEAT. ... it 20 grams
Ammonium sulfate, . ... ... 3 grams
KH PO o i e 2 grams
Gy et e 0.25 gram
MES0u. . o e 0.25 gram

Williams stated that the phosphate buffer served to control the
hydrogen ion concentration of the medium. This medium was



416 FRED W. TANNER

sterilized. He made the interesting statement that if a medium
became contaminated, yeast cells grew in the solution better
than before contamination although the solution was sterilized
before being seeded with yeast. Others had also reported this
some years before Williams worked. In the discussion following
this paper Williams stated that it was apparently possible to
cause single yeast cells to produce from 20 to several thousand
cells in twenty-four hours by varying the vitamin content of the
culture medium. Williams (1920) later changed this method so
that a large number of cells could be used. The changes in tech-
nic which Williams proposed in his second paper, were significant.
He changed from the use of drop cultures to a method of weigh-
ing the yeast mass. Williams apparently believed that the data
secured by any method could be compared and that a method
based on eStimation of the multiplication rate could be replaced
by a method based on estimation of yeast mass by weighing. A
vitamin number was secured. His vitamin number was defined
as the number of milligrams of yeast producted by theaddition of
its extract minus that produced in a control solution under given
conditions and within certain limits computed to 1 gram of the
original material tested. A solution of ammonium sulfate and
asparagin was not improved by the addition of amino acids but
was by a small amount of antineuritic vitamin. Williams was
probably the first to assume that ‘“‘bios” and vitamin B were
identical.

From Williams’ description one may be quite certain that
he did not have pure cultures. He described his technic as
follows:

A yeast suspension is made by weighing out 0.300 gram of fresh
Fleischmann’s yeast (small cake in tin foil) taken from the center of the
cake; this is made into a paste with a very small amount of water and
suspended finally in 1 liter of sterile water. One cubic centimeter of
this suspension well shaken and freshly made is introduced into the
culture medium with a sterile pipette.

A bacteriologist knows that cakes of Fleishmann’s yeast contain
many bacteria which according to Williams’ technic would
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appear in his media. As stated above, Williams claimed that the
presence of bacteria greatly stimulated the growth of the yeast.
Even though he tried to avoid contamination by the use of sterile
water and sterile apparatus, his experiments were probably
contaminated at the very beginning. Furthermore, he stated
that his medium was “sterilized or pasteurized to kill all vege-
tative organisms,” ete. This idea was well emphasized by
Ide who called attention to the possibility of small cocei contam-
inating the flasks. Numerous bacteria are known which produce
very resistant spores. Some have been known to withstand
seventeen hours continuous boiling. This method for detecting
the presence of vitamins has been criticized by many in America
and in foreign countries. '

Wright (1922) freed lemon juice from citric acid according to
Harden and Zilva's (1918) method and reported that small
quantities enabled a yeast to grow which would not grow in its
absence. Wright then, by means of Williams’ nutrient solution,
attempted to ascertain the smallest amount of lemon juice
capable of producing growth. The yeast used was baker’s
yeast which was washed three times with sterile distilled water.
One loopful of the yeast suspension was used in each tube; the
tubes also received increasing amounts of the lemon juice. No
growth took place in the tubes until 5 per cent of the lemon juice
had been added. Finally Wright used the hemacytometer
method for counting the cells. Wright stated that it was neces-
sary to determine whether “bios” was a vitamin, and, if so, its
identity with one of the known vitamins. He reported that ‘“bios”
did not enable a yeast to assimilate ammonium sulfate simply by
its presence or by being consumed at the same time, but that the
yeast grew solely at the expense of the “bios” until it reached a
certain concentration, after which it was able to use the ammon-
ium sulfate.

Bachmann (1919) studied the problem using a strain of yeast
isolated from ““Yeast Foam”. Two sizes of inoculum were used.
A loop of the yeast growth from solid media was used for heavy
inoculation and a loop of a water suspension for a lighter
inoculation.
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Two types of media were used as follows:

A
Distilled water... ...t i e 100 cc
Ammonium tartrate.. ... e 1 gram
Yeast ash.. ... ..o i i i 1 gram
Dextrose (deXtrose). . o.ovveeirt v irireinr i 10 grams
B
Distilled water........... i 838 cc
Ammonium tartrate............ 0 i 10 grams
Magnesium sulfate................ ... ... i 0.2 gram
Caleium Phosphate............... ... ..o i, 2 grams
Potassium acid phosphate................ .. ... .ol 2 grams
DeRtOSE. ettt e 150 grams

Bachmann used fermentation tests (gas formation) as criteria
of growth. Vitamin extracts prepared from orange pulp were
added to the media. Addition of the vitamin extract seemed to
favor the growth and Bachmann concluded that the media were
not entirely favorable for fermentation with these yeasts and that
the addition of a vitamin extract accelerated growth. Bachmann
also proposed that in heavy inoculations, some of the cells might
be dead and that these cells could contribute the growth stimu-
lating factor. In the rest of her work Bachmann used two other
strains of yeast designated under the names of No. 49 and 51.
The first came from ““Yeast Foam’! while the latter came from
canned pears. The medium in each case was Nigeli’s Nutrient
Solution. Nigeli’s medium was not a good medium for yeast 51.
It became a good one only after some yeast water was added.

This was due to either a little organic matter or to vitamins.
Very large numbers of cells had to be introduced to get growth
without the hypothetical substances. Bachmann was then led
to conclude that this strain could be used for detecting the pres-
ence of vitamins in unknown materials with the heavy inocula-
tions which made the medium more favorable for the growth of
yeasts. This substance was postulated to be vitamin B and
when vitamin B prepared from orange peel was added to the

1“Yeast Foam’ is a commercial yeast preparation for leavening. The
yeast cells are incorporated in starch such as corn meal, ete.
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medium, fermentation took place much more quickly. The
tubes which received heavy inoculations and vitamin required
just half as long to show gas as did those with no vitamin. With
the tubes receiving light seedings, it required almost 4 times as
long to show gas. From this and other data, Bachmann con-
cluded that Pasteur and Wildiers were both right. Bachmann’s
use of fermentation methods as criteria of growth and multipli-
cation is open to criticism. It is known that yeast cells may fer-
ment after they have ceased growing. Euler and Petterson
stated that in general increased fermentation and growth did not
parallel each other.

About this time Lindner, whose work on yeast in Germany
should make his opinions on ‘“bios’ of interest, entered the field
of discussion, with a unique theory. Lindner (1920) reviewed
the various opinions which had been advanced to explain the
action of yeast in synthetic solutions but did not regard any
one of them with much favor. Lindner did not agree with Nau-
mann that weak or dead cells gave off a soluble nitrogen com-
pound in the presence of much sugar. He stated that a cell
rich in plasma budded in 5 per cent solution of pure sugar, devel-
oping in clumps of from 6 to 8 cells and became at the same time
extraordinarily rich in fat. The fat appeared only when sub-
stances high in oxygen were present; without oxygen the buds
and colonies were smaller but the cells were richer in protein,
than if grown in presence of oxygen; the cells rich in protein,
which are easily distinguished through the large size of cells and
vacuoles are responsible for the acidity, which results from remov-
ing of NH; from the NH, compounds. In the absence of air, the
aleohol formed diffused out the cells very rapidly. :

In presence of oxygen the cell retained the alcohol and trans-
formed it into fat. In this case the alcohol was not excreted but
served as nourishment for the cell. Without oxygen there was no
fat building, even in presence of rich sugars and alcohol. There-
fore, when a cell showed numerous granulations it proves that
it was in contact with oxygen. Where strongly granular yeast
forms are seen we cannot expect the alcohol output to be propor-
tional to the fermentation. Where the cells are rich in fat, as on
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the top of gelatin culture, it was assumed that this was obtained
from the alcohol that came from the underlying strata. Alcohol
is also transformed into fat in cases where it is in vapor-form.
Whether alcohol is a poison for the cell can be grasped in the
fundamental sense of the question, only after following the proc- .
esses under the microscope. The cell may also be immoderate
in the use of the alcohol, becoming fattened with from 40 to 50
per cent of fat. It then loses the ability to bud further. The
more scanty the nitrogen supply, the slower the budding, but the
more pronounced, however, the fat production. This situation
exists in the nutrient mineral salt-sugar solution. The NH,
salts are altogether suitable only for plasma synthesis, but when
the fat formation out of alcohol sets in, then the process of
budding is inhibited. Where the cells are separated in aerated
solution, they can provide themselves with oxygen and so instead
of giving off the alcohol, they transform it immediately into fat.

It is another story where the cells are close together. Here
because of competition the oxygen is immediately divided and
possibly used for budding, but the supply seems limited for bud-
ding and for fat making also, because enveloping the cells is
carbonic acid.

According to Lindner, the controversy, whether Liebig used an
inoculating mass the size of a pin-head, and whether Pasteur, in
way of illustration, used a larger one, appears very insignificant
today. Of more importance is the amount of air in the solutions
which they both used;how much was absorbed during inoculation.
Still more important in the final solution of the “bios” question is
the established fact, that alcohol in an excellent way serves as the
fat builder for the cell, and can be used in such capacity especially
by our cultured yeasts.

This interesting explanation of the “bios” question on the basis
that yeast cells undergo a “fatty degeneration” in mineral salt-
sugar solutions which are well aerated, was carried further by
Lindner (1919, 1921). He stated that Liebig may have worked
with such a solution when he tried to repeat Pasteur’s experi-
ments. Lindner suggested that Pasteur may have used freshly
sterilized solutions in which the “fatty degeneration” would
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not occur since without oxygen neither sugar nor alcohol could
be changed into fat. Lindner thus places the explanation of the
““bios” question on the methods of experimentation. If Lind-
ner’s explanation is true, we then have a more satisfactory
explanation for the controversies which have arisen in this
field.

Fleming’s (1921) work seemed to indicate that the addition of
organic nitrogen to the inorganic media might accelerate yeast
growth. This organic nitrogen probably came from the vitamin
extracts. Fleming followed the technic of Fulmer, Nelson, and
Sherwood and determined the “Count,” i.e., the number of cells
seen in 16 small squares of the hemacytometer. Fleming used
an extract of Fleischmann’s yeast in 0.1 per cent of acetic acid as a
standard source of vitamin B. The yeast method was given
up as a means for estimating vitamin content of materials. When
the stimulating extracts were treated with alkali to destroy any
water soluble B vitamin, the effect on yeast growth was as great
as before treatment and in some cases greater. This led Fleming
to discredit the yeast test as a means of testing for the presence of
vitamin B.

In order to satisfy themselves with regard to the availability
and accuracy of the Williams’ method for testing the presence of
antineuritic substances (water soluble B vitamin), Souza and
MecCollum (1920) undertook some work in the field. On account
of considerable difficulty in carrying out the test, as outlined
by Williams, Souza and MeCollum introduced a modification in
which a platinum syringe needle, having an opening at right
angles to its axis, was used for depositing the droplets on the
cover-slip. The needle was attached to a piece of rubber tub-
ing and with this instrument the suspension of yeast could be
uniformly distributed. Other modifications were introduced
which need not be reproduced here. Souza and McCollum made
no statements in their paper concerning the yeast used other than
that it was Fleischmann’s yeast. Was it a pure culture?
These workers then went on to examine, by the modified Wil-
liams’ procedure, several substances known to be rich or poor in
the dietary factor water soluble B. They first studied the effects
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of addition of hot-water extracts of wheat germ to the basic
synthetic medium. They did find a stimulating effect of the
water extracts on the rate of multiplication of the yeast and
that in general the greater the amount of extract added, the more
pronounced the multiplication. The same was found for the
alcoholic extracts. In further work with other materials, Souza
and McCollum were led to conclude that the yeast test was com-
plicated by so many factors that it was probably of little or no
value. They further stated that whenever extracts of natural
food were to be tested, it was inevitable that food substances of
one kind or another which greatly stimulate the growth of yeast
must be added simultaneously with the unidentified dietary essen-
tial for which the test was designed. Glucose and amino acids
caused such a stimulation. They did not wish to commit them-
selves on whether the antineuritic substance was necessary for the
development of yeast, or that it did not stimulate the growth of
yeast.

Linossier (1919, 1920) used an organism closely related to
the yeasts Oidium lactis and also Mycoderma vini. In this con-
tribution, he reported that although Oidium lactis could grow
in media composed of pure materials, it was sensitive to the action
of vitamins. With a very small inoculation vitamins are indis-
pensable. The addition of vitamin containing extracts increased
the crop markedly. Linossier claimed that certain fungi could
get along without vitamins while others required them. From the
data presented by Linossier one may conclude that there is a
marked difference in the crop of Oidium lactis with and without
vitamin during the first few days, but later the amounts are more
nearly alike.

Lumiere (1921) working with some of the common molds
reported that they did not need vitamins. Even in media which
are not good ones for abundant and rapid development the
increased growth resulting from the addition of organic extracts
containing vitamins did not seem to be due to the vitamins. The
addition of organic extracts to poor media may be advantageously
replaced by chemically definite mineral salts. These data, then,
with molds agree very well with those reported for the yeasts.
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Sammartino (1921) reported a study which bears perhaps
indireectly on the subject and which probably should be included.
He found that both the rapidity of reproduction and the rapidity
of fermentation of the yeast cells are affected in a positive manner
by vitamins. He then sought to determine whether the vitamin
stimulated the cell or possibly the cell membrane or whether
the zymase itself was acted upon. The question whether it was
the cell or the cell enzyme which was stimulated was investigated
on the cell-free fermentation (on the zymase separated from the
cell); it is known that zymase consists of the true zymase and the
coferment; as the zymase without coferment is in itself ineffective
and unable to split sugar; and as coferment by itself is a promoter
and hastener, the question arose whether the vitamin acted upon
the true zymase or upon the coferment; and, also whether the
vitamin action was purely upon the zymase or whether it acted
in a similar manner upon enzymes of other kinds.

Sammartino first investigated the behavior of other enzymes
in the presence of added vitamin. Proteolytic and amylolytic
enzymes and catalase were examined. In the albuminous diges-
tion with pepsin no effect upon the pepsin digestion was noted
from the presence of vitamin; probably for the reason that vita-
min was destroyed in the presence of a mineral acid or that the
high pH inhibited the vitamin in its action upon the enzyme.
When the effect of vitamin upon the tryptic digestion was
examined in the usual alkaline solution, it was seen that the vita-
min hastened the trypsin enzyme in the alkaline medium. Vita-
mins showed only a slight effect upon the influence of amylase.
The experiments with catalase showed that the effect varied
markedly according to the reaction of the medium and in the
presence of various substances which acted in a favorable or
inhibitory manner. It was therefore shown that the vitamin
just as'it promotes yeast fermentation, also promoted the cell-free
zymase fermentation, but that the effect on other splitting en-
zymes was by no means marked if it occurred at all.

According to the experiments of Hardin and Young zymase can
be separated into 2 parts: if the zymase is dialyzed or filtered
through a colloid filter, a substance is left on the filter which is
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unable by itself to split sugar into alcohol and carbonic acid;
the dialysate is also unable to split alecohol and carbonic acid;
but if both are reunited the splitting of the sugar results with
formation of carbon dioxide and aleohol; if, however, the sub-
stance found on the filter is previously heated and then combined
with the unheated filtrate, no fermentation occurs, but if the
substance found on the filter is not heated but combined with
the heated filtrate, fermentation occurs. From this the conclu-
sion can be drawn that in the yeast juice there is an enzyme and
co-enzyme and that the enzyme is 'active only in the presence of
the co-enzyme that will stand boiling. The same line of experi-
ment was carried out by Miller (1921). She found that an alco-
holic extract of yeast did not accelerate the action of invertase
but did stimulate the growth of the cells. The amount of inver-
tase, however, in the cells was increased. This stimulation in
growth and the increase in invertase was said to be caused by two
different substances. An ethyl alcohol extract of wheat germ
stimulated the growth of the yeast but had no effect on the
amount of invertase. We may also mention Villaroel’s (1923)
statement that vitamin B stimulated the action of lipase.

Euler and Petterson (1921) reported a study of the effect of
lemon juice, extract of wheat embryo, and extract of yeast
on the fermentation of yeast as measured by carbon dioxide pro-
duction and on the growth of yeast as measured by cell count.
The fermentation of the yeast was generally increased by the
addition of these extracts, but the amount of carbon dioxide
evolved was not proportional to the vitamin concentration, an
excess of the extract having an inhibitory effect. An extract
of yeast from which the protein had been removed by precipita-
tion with alcohol showed proportionality between the amount of
extract and increase in fermentation.

In general, increased fermentation and cell growth did not
parallel each other, sometimes an increase of 100 per cent in the
fermentation being accompanied by only 10 per cent increase in
the cell count. By altering the amount of vitamin preparation it
was found possible to obtain a proportionality in the fermentation
and cell growth. In another article which gave further results
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from the same study, Euler and Myrbick (1921) described a
method of determining the relative amounts of water-soluble
vitamin (biocatalyzers) in different materials through the fer-
mentation of yeast.? In the nomenclature employed a distine-
tion is made between the antineuritic and the growth-promoting
vitamin B. For the former the name vitamin B was retained.
The term biocatalyzer B was used to include biocatalyzer B I,
the growth-promoting factor of yeast; and biocatalyzers B II
and B III, both of which influence fermentation. B III was
considered identical with Harden’s co-enzyme. The solution used
in the tests reported consisted of 25 cc. of a 2 per cent phosphate
solution of a hydrogen ion concentration, pH = 4.5. In this
were dissolved 2 grams of sucrose and 1 gram of finely pulverized
dried yeast, and the solution was made up to 50 cc. with water or
a solution of the material to be tested for vitamin activity. Fer-
mentation was allowed to continue at a given temperature for
six or seven hours, and the amount of carbon dioxide evolved was
measured at the end of given periods of time. Extracts of wheat
embryo and blood serum tested in this way showed an increase in
the amount of carbon dioxide evolved per hour up to a given
concentration of the extract, after which there was a decrease,
thus indicating the presence of an inhibiting factor in the extract
as reported above. To determine the amount of biocatalyzers
II and III in any material, the amount necessary to add to the
standard solution described in the first paper to bring about half
the maximum fermentation was determined. From this amount
of vitamin biocatalyzer B II distinguished from the co-enzyme
biocatalyzer B III could be determined by the method of Tholin
described below. The yeast used in the experiment should

2 Mention should be made of the investigations of Frinkel and his colleagues
in Germany who used the fermentation of yeast as measured by carbon dioxide
determinations for estimating the content of vitamin B. Standard conditions
were adopted for carrying out the test. Frinkel also attempted to isolate the
active substance from yeast and rice polishings. The methods used will not be
repeated here although they are of interest in connection with similar attempts
to isolate pure “‘bios’”” by Lucas (1924) and Eddy, Kerr and Williams (1924).
Using his yeast method Frinkel tested the vitamin content of a number of dif-
ferent animal organs. All of them gave stimulation except bone marrow. Cho-
lin, cholamin and -amino ethyl alcohol showed an inhibiting effect.
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first be standardized to determine its fermenting power alone.
Data were reported on the vitamin B content of human blood
serum, feces, and urine. These indicated a considerable daily
excretion of vitamins.

Tholin (1921) also compared the propteties of co-enzyme with
those of vitamins. In this combined study of the co-enzyme
and vitamins of yeast, the author used as the foundation, yeast
material finely pulverized, dried yeast of constant fermenting
power. This was rendered inactive by shaking a mixture of 1
gram of the yeast and 50 cc. of the water for one and one-half
hours on a shaking machine and centrifuging for ten minutes at
1700 revolutions per minute, after which the opalescent liquid
was decanted and the treatment repeated. The resulting yeast
was almost completely inactive when tested with 5 per cent glu-
cose solution. The co-enzyme preparation was made by adding
a suspension of 150 grams of pulverized dried yeast in 300 ce. of
water to 1200 ce. of boiling water, heating the mixture to boiling,
and filtering after two minutes. The filtrate was concentrated
in a vacuum at 25° to a volume of 50 cc. and the extract precipi-
tated with 96 per cent alcohol. The precipitate, which consisted
principally of proteins, higher carbohydrates, and phosphates,
had no co-enzyme activity. The filtrate, which contained all
the co-enzyme, was treated with 300 cc. pure acetone. The

,yellowish-white milky precipitate formed yielded on trituration
with absolute alcohol a yellowish-white sandy hygroscopic
powder rich in co-enzyme. The powder was easily soluble in
water, forming a clear light yellow solution with an acid reaction
(pH = 5.6). On analysis it gave an ash content of 26.3 per cent
and P,O; content of 14 per cent calculated on the dry basis. The
substance could be further purified by adding to the water solu-
tion lead acetate, filtering and adding acetone to the filtrate after
removing the excess of lead with hygrogen sulphid. On further
precipitation with lead acetate and magnesium mixture a precipi-
tate was formed, showing the persistance with which the phos-
phoric acid clings to the co-enzyme. Tholin was of the opinion
that the function of the co-enzyme in aleoholic fermentation was
intimately bound up in the phosphoric acid and also that the



THE ‘‘B10S” QUESTION 427

co-enzyme was of the nature of an ester. In describing the prepa-
ration of the vitamin, attention was called to the similarity
between the method described above and the method described by
Osborne and Wakeman (1919) for the preparation of vitamin B
from yeast, thus showing that the vitamin is present in the
co-enzyme preparation. The essential differenceinpreparation of
the co-enzyme and the vitamin in the present study is that in the
latter case the material was sterilized by boiling for forty-five
minutes or more at 100° before precipitation. Other materials
used in the study were a 20 per cent glucose solution sterilized
for two hours at 100° and a solution of NaH,PO, of an H-ion
concentration of pH = 5.1. The basal solution employed con-
sisted of 1 gram of washed yeast, 5 ce. of the phosphate solution,
and 10 cc. of the glucose solution, the whole made to a volume of
20 cc. To this was added the material to be tested for co-enzyme
or vitamin and the amount of carbon dioxide evolved in a given
time determined. The thermostability of the co-enzyme prepara-
tion was found to be a function of the temperature and the acid-
ity. At 96° and an acidity of pH = 5.6, the co-enzyme activity
was destroyed to the extent of 50 per cent in one hour, and at
100° in thirty-seven minutes. While the co-enzyme was thus
destroyed by heat, the vitamin preparations from yeast and cab-
bage were active even after heating for an hour at 107 and 127°.
The essential difference between co-enzyme and the vita-
min preparations was thus shown to be the difference in
thermostability.

Harden and Zilva (1921) sought an answer to two questions,
whether a yeast grown in a medium devoid of vitamin B could
produce it and whether different species could produce this vita-
min. This paper was merely a preliminary note and was
prompted by Nelson, Fulmer and Cessna’s paper. Harden and
Zilva grew their yeast on a synthetic medium containing ammon-
ium phosphate and chloride as sources of nitrogen together with
the necessary mineral salts and cane sugar. The cane sugar was
fractionally precipitated from aqueous solution with alcohol,
and the solution of the dried purified material then shaken three
times with fuller’s earth to remove any possible trace of vitamin



428 FRED W. TANNER

B. The yeasts thus obtained were washed, pressed, and dried
and compared with a parallel culture of Saccharomyces ellipsoi-
deus grown on unhopped brewer’s wort and tested as to their
curative effect on polyneuritic pigeons. Harden and Zilva con-
cluded that yeasts grown on synthetic media contain vitamin B
but not to such an extent as yeast grown in wort.

A short time elapsed after the appearance of the “Bachmann
Test” before it received critical study. One of the first reports
of such study was published by Eddy and Stevenson (1919),
Their experiments were pointed toward confirming Bachmann’s
results to determine whether the method gave promise of use
quantitatively and whether it might be used to detect the “B”
vitamin qualitatively. Without repeating the details of these
experiments which were patterned closely after the Bachmann
method, we may record the conclusions which Eddy and Steven-
son reached. They were unable to check the gas in the various
fermentation tubes. For quantitative work, then, the test was
believed to need further standardization. Another difficulty
was said to be the great variability of loopfuls of yeast. Eddy
and Stevenson, however, concluded this short report by saying
that the test offered such marked advantages in sensitiveness and
in speed of observation over rat feeding methods that it seemed
worth while to devote more time to its improvement.

In their next paper Eddy and Stevenson reported data secured
by using the Williams method. As a result of their studies with
both of these methods, they derived a method for measuring the
vitamin B content of food materials by means of yeast cells.
The Bachmann method measured vitamin content in terms of gas
generated. This method, then, is based on enzyme (zymase)
activity and may not measure the phenomena in terms of growth.
The Williams method tested the vitamin content in terms of
growth and therefore seemed to be more valuable according to
Eddy and Stevenson. The latter investigators then reported a
method of their own, using Négeli’s solution, the exact details
of which need not be mentioned here. This method is based on
growth as determined by counting the number of cells which
appear in the medium after incubation in sealed tubes. They
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really measured the multiplication rate and not growth. Eddy
and Stevenson first of all studied the specificity of their test.
They interpreted their data to indicate that the test was specific
for the so-called antineuritic vitamin or water soluble B. They
studied some of Funk’s purified antineuritic vitamin and some
navy bean extracts prepared according to a method cf McCol-
lum and Simmonds (1918). They stated that what Funk called
antineuritic vitamin as prepared by him and what they called
water soluble B as prepared according to McCollum and Sim-
monds both responded to the test whether they were identical or
not. Eddy and Stevenson ruled out the “impurities” in their
vitamin extracts as factors stimulating growth, and concluded
that they were studying the stimulating effect of the vitamin.
They next studied the possibility of measuring quantitatively the
vitamin content of various materials. They were not quite so
successful in this respect but hoped that by further work the
technic could be developed to accomplish this. In 1920 Eddy
and Stevenson made a more comprehensive report of their earlier
work on the yeast test as an indication of vitamin content. No
new data seem to have been secured but their modified method
based on the Bachmann and Williams’ methods was applied to
other materials. They reiterated from experimental data that
their test was sensitive to small amounts of vitamin extracts.
They stated,

From these results it seems fair to conclude that the test works with
small quantities of the Funk antineuritic vitamin as prepared by him
in the purest form we have studied to date and tends to strengthen
the conviction that the antineuritic or B vitamin is the responsible
causative agent in stimulating the growth of yeast cells.

The next experiment was to determine by means of their
test method whether Lloyd’s reagent would absorb vitamin B
from navy bean extract as stated by Seidell and Williams. Using
their yeast test they found that the “cause of the stimulus”
was almost quantitatively removed from the navy bean extract
and orange juice. They also attempted the confirmation of
Osborne and Mendell’s classification of the various foods on
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their vitamin B content by rat feeding. They argued that if
the yeast test confirmed Osborne and Mendell’s data with ani-
mals it would thus gain much support. Eddy and Stevenson
did not wish to draw conclusions from their data on this ques-
tion. In another place, however, when apparently referring
to the same work, they stated that the results with the yeast
test confirmed animal feeding.

Emmett and Stockholm (1920) sought to find out by means
of the yeast test whether the antineuritic and water soluble B
vitamins were different. They used the Williams micro method.
They did not state what yeast was used but apparently worked
under sterile conditions with a pure culture. They made the
interesting statement that the Williams method can be used
with definiteness for measuring the rate of growth of yeast.
The next point studied was whether the yeast growth promoting
factor was the antineuritic vitamin. These two substances
were found to be different. The yeast growth promoting factor
also failed to stimulate the growth of young rats which would
indicate that the yeast growth promoting factor was different
from water soluble B. In the last sentence of their conclusions,
they stated that the yeast method should not be employed with
too much definiteness until further study was made.

In 1921 another report was published by Eddy in collabora-
tion with Heft, Stevenson, and Johnson, and was apparently
prompted by the many criticisms which had been published
against the yeast test. For various reasons these authors did
not use the method proposed by Eddy and Stevenson in 1920
but adopted one announced by Funk and Dubin in 1920. This
method consisted in growing the yeast in Nigeli’s solution to
which the vitamin extract may be added and a subsequent
sedimentation of the yeast cells in a Hopkins vaccine standardi-
zation tube on a centrifuge. More data were first presented
by which the yeast test was compared with the rat feeding test
for evaluating the vitamin B content of various food materials.
Only approximate agreement was secured by the yeast growth
procedure and the rat feeding method of Osborne and Mendell.
The most interesting statement in this paper, however, may be
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that in which they announced that the yeast test was unreliable.
They stated that until a basal medium had been worked out
which provided all of the factors of a good medium with the
exception of vitamin B the yeast test must be considered of
little value. One difficulty in comparing data secured by the
several methods which Eddy and his colleagues used was over-
looked. The same criticism may be applied to other investi-
gators but since Eddy at various times tried out four different
methods, the Williams method, the Bachmann method, his own
modification of these methods and finally Funk and Dubin’s,
all of which used different technic for measuring “growth’ of
the yeast in response to vitamin stimulation, we may use their
work as an illustration. The multiplicity of terms such as
growth, multiplication, development, proliferation, propaga-
tion, ete., which have been used suggests that the problem is
not a simple one. Funk and Dubin’s method really measured
the volume of yeast mass while the other methods measured
multiplication. Slator reported during a discussion of this
very thing that the volume of yeast mass could increase 20
per cent after multiplication had ceased. It involves some error,
then, to compare the data from any of the methods too closely.
Data were also reported at this time by Eddy and his colleagues
which seemed to invalidate the conclusions of Fulmer, Nelson
and Sherwood that it was possible to develop a medium in which
veast will grow indefinitely without added vitamin. Fulmer,
Nelson, and Sherwood claimed that their Medium F was such
a medium and that it was not improved by the addition of
organic extracts and that since the stimulative factor on yeast
growth was not affected by alkalies it was not vitamin B. In
order to secure data on these points Eddy and his colleagues
substituted Medium F for Nigeli’s medium. Eddy’s data
showed that Medium F was a better medium than Nigeli’s
but that it was improved by the addition of alfalfa extract.
Their work in testing the effect of alkali on the yeast growth
stimulating factor did not allow them to make definite state-
ments. Their data seemed to show the destruction by the
alkali of some factor but the extent of the destruction was not
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as great as would be expected if vitamin B formed a large part
of the stimulative factors. Although Eddy and his colleagues
did not state it, these data may perhaps be regarded as some
of the first indicating a possible difference between vitamin B
and the yeast growth promoting substance.

Naumann (1920) took up the investigation of the behavior
of yeasts in inorganic salt-sugar nutrient solutions. Naumann
used the same wine yeast which had been used by Pringsheim.
Naumann did his work with Laurent’s medium. When 10 ce.
of Laurent’s solution were inoculated with only five cells, there
was no increase in numbers nor evidences of fermentation even
after forty days; when 50 cells were introduced into the medium
germination was noticed in three days and fermentation after
ten days; in forty days the count was 21,000,000 cells per cubic
centimeter. Naumann’'s work suggests that some investiga-
tors who used short transfer periods may not have given their
yeasts an opportunity to grow. The factor of dilution out-
stripped multiplication and growth. By increasing the amount
of inoculum, Naumann was able to markedly decrease the time
required for evidences of growth and multiplication to appear.
Naumann believed that the growth in tubes with the heavier
inoculations was due to a disintegration of dead cells. In this
case the larger the number of cells in the inoculum, the more
food would be available after disintegration. When just a
trace of organic matter such as peptone to the extent of 0.0005
per cent was added to the cultures, the yeast was helped over
the threshold and multiplication took place rapidly. According
to Naumann, then, yeasts and other fungi could perhaps form
“bios”; however, Naumann’s ideas of ‘“bios” were somewhat
different from those of certain other workers. He suggested
that “bios” might be a group of complicated organic substances
such as nucleo-proteins or nuclein. The acclimatization theory
of Pringsheim was accepted that a yeast cell accustomed to use
organic food materials could be trained to use inorganic materials.
The stimulating effect on yeast growth of other organisms such
as scum yeasts, and molds, was explained on the basis of com-
mensalism rather than “bios.”” Naumann believed that these
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microérganisms made nitrogenous compounds more readily
available to the yeast cells and that it was this factor and not
“bios” that stimulated the growth of yeasts. Naumann also
selected narrow tubes instead of the wider vessels in which to
carry out his experiments. Lindner (1920) pointed out that
the use of these tubes by Naumann instead of flasks, made it
easier for the materials which Naumann said diffused from dead
cells to come in contact with living cells, since the distance:
would probably be shorter in the tubes than in flasks.
Somewhat the same quest led MacDonald and MecCollum
(1921) to continue work in this field. They wished further
light on the requirements of accessory substances on the part.
of yeast and also information on the possible identity of the
antineuritic substance and ‘“bios.”” They used a medium called
nutrient solution no 2. having the following composition:

Distilled water............. o i 1000  cc.
Sucrose, recrystallized (2 percent)...................... 20  grams
Ammonium sulfate. .......... ... 3  grams
Potassium dihydrogen phosphate........................ 2  grams
Caleium ehloride............ ... .o o 0.25 gram
Magnesium sulfate...................................... 0.25 gram

Another medium spoken of as nutrient solution 3 contained 5
per cent of sucrose. These solutions were heated to boiling on
two successive days. The numerous instances in the bacterial
world of the formation of very heat resistant spores, should
suggest the use of more reliable methods of sterilization. On
the third day, 25 cc. portions were measured into sterile Er-
lenmeyer flasks by means of a sterile pipette. These flasks were
then heated to boiling and stored for use. Three strains of
yeast were used, two bakers’ yeasts “F”’ and “XII"” and a brewers’
yeast “K.” The cultures were started by using a small loop of
material from an agar slant. This was not enough yeast to
produce turbidity in the solutions. MacDonald and McCollum
seriously questioned whether the growth of yeast was dependent
on a supply of the antineuritic principle for its continued multi-
plication. They grew quantities of yeast in this purified nutrient
solution sufficient to furnish from 2 to 5 grams of dry substance.
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They stated, “It would seem that one of two conclusions is
admissible; i.e., either yeast must grow without “bios” or it
must synthesize the substance to meet its own needs (as was
believed by Henry).”

Ide (1921) cautioned against accepting MacDonald and
MecCollum’s conclusions. He stated that. there were two kinds
of proliferation; one was a very slow one without “bios” and
the other fast with ‘“bios.” There was said to be such a dif-
ference between the two that it could not be overlooked by any-
one who had seen it. Ide showed that “bios” greatly accelerated
the fermentation of sugar. When “bios” was present 30 times
as much sucrose was decomposed as when it was absent. Mac-
Donald and McCollum were not contending that “bios” would
not stimulate growth but that yeasts could grow in a synthetic
medium indefinitely, either getting along without it or making
it. TIde (1921) also stated that it was too soon to announce
that water soluble B vitamin and ‘“bios” were the same sub-
stance. He called attention to the fact that no organic material
had been found which caused such a stimulation of growth as
“bios.” Ide suggested that MacDonald and MecCollum’s flasks
may have been contaminated. He had found small cocei in
flasks which had been held for a time. MacDonald and Mec-
Collum (1921) replied to Ide with further discussion and data
to confirm their former conclusions. They stated that neither
the hypothetical “bios” nor the antineuritic or other uncharac-
terized dietary factor essential in the nutrition of mammals
need be supplied in order to enable yeast to develop. The
difference in the rate of proliferation may be due to other causes
than the presence of accessory factors. MacDonald and
MecCollum mentioned Fulmer’s work showing that viscosity of
the medium might be one cause. MacDonald and McCollum
stated that it was fully established that yeast did not need
vitamin B, “bios,” or any other uncharacterized dietary factor.
They also defended the purity of their yeasts and the cultures
in the flasks. If MacDonald and MeCollum’s suggestion that
increase in growth after the addition of supposedly “bios”-con-
taining substances might be due to other materials in the “bios”
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preparate than ‘“bios” or to other factors, had been keptin
mind by some investigators since then, we would probably have
a field of knowledge less clouded by controversy.

Goy (1921) working with a yeast (Saccharomyces cervisiae)
along with other lower forms of plant life reached the conclu-
sions that such accessory substances as vitamins were not neces-
sary. He did state that the addition of a small amount of the
inorganic medium in which the same species or different species
had grown stimulated their proliferation. By means of ether
he extracted this stimulating substance from a culture of mucor.
It did not exhibit growth promoting properties until it had been
heated to from 85° to 90° and lost it at from 168° to 170°. Such
properties excluded it from the group of accessory factors known
as vitamins.

As stated above, in 1921 Fulmer, Nelson and Sherwood an-
nounced that they had devised a medium which would support
the growth of yeasts and which was not improved by the addi-
tion of water soluble B vitamin. They stated that vitamins
were not necessary constituents of media for the growth of
yeasts. They carried out their experiments with a culture of
Saccharomyces cerevisiae, Race F., isolated in pure culture
from a cake of Fleischmann’'s compressed yeast. They pre-
pared alcoholic extracts of wheat embryo and alfalfa and studied
the effects of adding these to the mineral salt-sugar medium
which differed from Williams’ medium only in the amount of
sugar. These products stimulated the growth of yeasts but
the authors showed that the stimulation was not due to vitamin
B since it survived treatment with dilute alkali. They also
found that extracts of alfalfa and wheat embryo contained suf-
ficient nitrogen and inorganic material to influence the growth
of yeast. They stated that the addition of water soluble B
did not improve their synthetic medium. The results of Eddy,
Heft, Stevenson and Johnson with Medium F have been referred
to above.

Fulmer, Nelson and Sherwood (1921) next gave some atten-
tion to the relative amounts of various constituents which were
necessary for nutrition of yeasts. A medium econtaining am-
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monium chloride 0.188 gram, calcium chloride 0.1 gram, dipo-
tassium phosphate 0.1 gram, precipitated calcium carbonate
0.04 gram, dextrin 0.6 gram, and sucrose 10 gram. in 100 cc. of
water was said to be better than Williams’ medium. The in-
teresting observation was reported that the optimum concen-
tration of ammonium chloride varied with the temperature.
Consequently it is important to use Medium F at the tempera-
ture for which the ammonium chloride content is specific. It
was also reported that several other ammonium salts had the
same optimum concentrations. The preliminary work which
Fulmer and his colleagues carried out to find out the optimum
concentration of the various ingredients in their several media,
should carry considerable weight. They did not put into their
medium a number of different ingredients which were assumed
to be used by yeast. Many investigators of the nutritional
requirements of microérganisms also overlook the fact that their
cells may also secure nutrients from the air.

In 1921 further confirmatory data were secured by Nelson,
Fulmer, and Cessna to show that yeast can synthesize water
soluble B. These authors used Medium F, the composition of
which was given above. To prove this they fed albino rats on
a ration free from accessory substances. After a decline in
weight for from two to three weeks, 2 per cent of the yeast grown
on the Medium F was added to the ration. After the yeast
was added, there was a rapid gain in weight showing that the
yeast formed accessory substances in a synthetic solution.

Funk and Dubin (1920) reported a test for the presence of
the antiberi-beri vitamin which, while much like Williams’
procedure, was thought to be more easily and quickly mani-
pulated. Their method rested on the use of autolyzed yeast
as a standard against which the vitamin content of an unknown
substance could be checked. The details need not be repro-
duced here. Different substances were tested for their anti-
beri-beri vitamin content. Funk and Paton stated that a posi-
tive result was strong evidence of the presence of vitamin B
in an unknown substance while a negative result might be due
to the presence of inhibitory substances.
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At about this same time Swoboda (1920) also modified the
Williams method to enable one to detect small amounts of water
soluble vitamin. A count was made of the number of cells
developing from one or two cells in a hanging drop at 30° after
eighteen hours. Swoboda reported that glandular and other
tissues were rich in water soluble vitamin. Swoboda reported
a substance toxic for yeast cells in thyroid extract.

What was probably the first information that “bios’’ was not
a single substance was announced in 1922 by Fulmer and Nel-
son. They piepared two extracts as follows from alfalfa which
had been previously extracted with ether. Extract A was an
extract by long extraction with absolute alcohol. Extract B
was an extract prepared by long extraction of the absolute-
alcohol-extracted material with water. Both extracts showed
optimum concentrations for maximum stimulation and were
about equally potent. Combinations of the two extracts were
much more potent than the optimum concentration of either
alone. ‘“‘Bios’’ was thus regarded as composed at least of two
materials, ‘“Bios”” A soluble in absolute alcohol and water and
“Bios’’ B insoluble in absolute alcohol but soluble in water.

Clark (1922) using Fraser’s (1921) rocker tube to secure
aeration and agitation found that a pure culture of a bottom
yeast isolated from Fleischmann’s compressed yeast grew in the
following synthetic medium: 100 cc. of water, 10 grams potassium
dihydrogen phosphate, cryst., 5 grams, magnesium sulfate,
eryst., 20 grams of ammonium nitrate, composing solution A,
and 100 cc. of water with 1.4 grams of calcium chloride hexa-
hydrate for solution B. These solutions were sterilized sepa-
rately in order to prevent the formation of a precipitate. Five
cubic centimeters of each solution, 10 grams of cane sugar were
diluted with enough water to make 100 cc. of medium. Clark
reported that actively budding, filtered and washed yeast gave
good growth in this medium. It required about four hours to
double the number of cells in this artificial medium while in
wort the number was doubled in one hour and fifty-three
minutes. Clark also reported some experiments on the absorp-
tion of “bios” by yeast cells. While he found evidence sup-
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porting the absorption of ‘“‘bios” from wort by yeast cells this
part of the work was not done with a pure culture but with a
few grams of washed Fleischmann’s yeast cake which, as all
microbiologists know, contained many other organisms besides
yeast.

In 1921 Funk and Dubin announced that yeasts required a
different substance for growth than animals since they separated
from autolyzed yeast a substance active for yeast and another
active for rats and pigeons. They were led to separate from
vitamin B a substance active for microérganisms to which they
gave the provisional name vitamin D. This substance was
said to be specific for the growth of yeasts. Funk and Dubin
stated that vitamin D could be separated from vitamin B but
that the reverse had not been accomplished.

According to Eijkman (1922) and his colleagues the anti-
neuritic factor is taken from the medium and may be regenerated
but not synthesized by the yeast cell. Yeasts (Saccharomyces)
grown in vitamin free medium would not cure polyneuritic
fowls. The same yeast grown in the presence of vitamins did
cure the disease. These authors could not demonstrate the
formation of vitamin B by Bact. coli, a result not in agreement
with the reports of Robertson and Hosoya and Kuroya.

Fulmer and Nelson (1922) published further data in a paper
which was prompted by the statement of Eddy, Heft, Stevenson
and Johnson mentioned above, to the effect that Medium F
could be improved by the addition of certain materials. Fulmer
and Nelson claimed that Eddy and his ecolleagues had made
some unjust interpretations when they reported that the stand
had been taken by Fulmer that Medium F was not improved
by the addition of certain substances and that Medium F allowed
maximum growth. Fulmer and Nelson replied that such a
stand had never been taken for that would make them state
that Medium F was as good a medium as beer wort. However,
they did state in a former paper (1921) that Medium F was not
improved by the addition of water soluble B. Fulmer and
Nelson reiterated their thesis that the addition of alcoholic
extracts from alfalfa and wheat embryo, containing water solu-
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ble B, would not improve the medium. The denial that Medium
F could not be improved urged Fulmer and Nelson to check
their former data. They found verification of it in every re-
spect. They called attention to the fact that Eddy and his
colleagues had not used Medium ¥ under the conditions required
for it. Again, they used a different method for extracting the
alfalfa. Fulmer and Nelson concluded their paper by stating
that the alcoholic extract contains along with water soluble B,
“bios,” the yeast growth stimulant.

Eddy and his colleagues (1922) then used Fulmer and Nelson’s
technic of aleoholic extraction with varying concentrations and
30°. They secured stimulation with the water extract. They
were inclined to explain the discrepancies between their data
and Fulmer and Nelson’s data on different methods of working.
Eddy said that he was in substantial agreement with Fulmer
except one point, that Medium F was not improved by adding
of extract. They stated that further work had served only to
increase their distrust in the yeast test as an accurate measure
of vitamin B. Willaman and Olsen (1923) explained the con-
troversy between Fulmer and his colleagues on the one hand
‘and Eddy and his colleagues on the other, on the basis that
alcohol is a good solvent for vitamin B but a poor one for ‘‘bios.”

That yeast does have the ability to synthesize vitamin B,
was reported by MacDonald (1922). Yeast grown in synthetic
mineral salt-sugar solutions promoted the growth of young rats
as well as yeast grown in malt. The yeasts used were Saccharo-
myces cerevisiae, Sacch, ellipsoideus strains XIi and K and a
strain isolated from comrmercial yeast. The fact that the yeast
cells grown in the synthetic solutions promoted the growth of
young rats confirmed the results, mentioned above, of Nelson,
Fulmer and Cessna (1921) and Eijkmann, et al. (1922).

In 1922 Funk and Paton® published more data on vitamins

3 McColium and his colleagues used the term vitamin D for the antirachitic
factor which they differentiated from the growth-promoting vitamin A, Drum-
mond (1924) stated that the term vitamin D should be used for McCollum’s
accessory factor. This position was taken probably because he did not con-
sider “bios’ as a vitamin., While the controversy may not be aceurately settled
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B and D. They stated that alkali had a more destructive action
on vitamin B than on vitamin D. Vitamin B was also more
susceptible to autoclaving at 25 pounds pressure for three hours
than vitamin D. Experiments on pigeons and rats showed
that growth of yeast or some other fungus took vitamin D out
of solution but left vitamin B. Funk and Paton claimed that
this method could be used for separating these two vitamins.
The yeast cells were said to hold the vitamin D very tenaciously.
These results do not agree with those published by Eijkmann,
et al. referred to above. Further work must, therefore, be
done on this question.

Funk and Freedman (1922) found that growth stimulating
substances for both yeasts and bacteria were present in various
substances such as beef, beef-heart infusions, peptone, and auto-
lyzed brewers yeast. These substances were said to be of a
vitamin nature. They stated that they were either identical
with vitamin D of Funk and Dubin or of a similar nature.

In the light of the contradictions in this field and the probable
errors in the Williams method of assaying the amount of vitamin
B in substances, Lobeck (1922) carried out some experiments
which were reported in 1922. He resorted to a method based
upon the counting of cells, for evaluating unknown substances.
The method was as follows: The yeast was cultivated on wort
agar which was partially neutralized, frequent transfer being
made. When it was used, a little of this culture was diluted in
sterilized water. In order to mix well, the liquid was vigorously
agitated and blown into by means of a sterile pipette containing
a bit of cotton. Pipettes from 0.2 to 0.5 mm. in diameter at
the delivery end were used. The pipette was filled with a
dilution of the yeast which should show the slightest turbidity
by the use of a small number of cells. Two drops of the dilu-
tion are put into a test tube. The new dilution was shaken

according to present experimental evidence, it is probably best to retain the
term ‘‘bios’’ for the yeast growth stimulating factor and not use the system of
nomenclature now generally accepted for a series of vitamins known to be nec2s-
sary in mammalian metabolism. The recent papers on the fractionation of
“bios” indicate that the field is already becoming more complex or confused.
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and two drops were removed from this and put into the next
flask. The hemacytometer was used for counting. When
many cells were formed it was often necessary to dilute the
suspension so that each square on the hemacytometer con-
tained not more than 3 cells. Before counting, the growth of
the yeasts may be stopped by a little 5 per cent formol solution.
Since the number of cells added to each flask was not always
the same, Lobeck found it desirable to run four tubes and take
the average. He stated that beer wort contained all of the
necessary materials for the growth of the yeast. He attempted
to remove the accessory substance for yeast, which he spoke
of as a vitamin, by means of heat. He held wort at 50°, 70°,
95°, and 110°, for one hour and at 135° for forty-five minutes.
He experienced a strong decrease in the growth of the yeast in
the heated wort. This decrease was especially apparent in
media heated at 110° and above. Consequently, Lobeck took
wort heated at 135° as the basal medium for this work. Lobeck
also tried to determine whether some poisonous substance for
the yeast was formed by heating to 135°. He reached the
conclusion that a necessary factor for the growth of yeast was
inhibited by the high temperature; no poison seemed to be formed.
A precipitate was formed and it was shown that it was not ac-
companied by the “stimulating factor.” The precipitate really
hindered the growth of yeast because the contact of living and
dead cells was less intimate. In this respect, Lobeck like Henne-
berg, believed that the living cells secured some advantageous
substance or substances from the dead cells. Lobeck then
added increasing amounts of sodium hydroxide to wort and
heated at 120° for twenty minutes. As the alkaliincreased
growth of the yeast decreased. Lobeck titrated his media with
phenolphthalein. Wort was neutralized with NaOH and heated
to 135° for one-half hour. Then its acidity was restored by
means of tartaric acid. Such a wort gave less growth than
wort heated to 135°, without alteration of its reaction. Lobeck
also stated that hydrolysis greatly influenced the content
of stimulating substance. He was able to confirm Ide’s
statement that “bios” greatly stimulates the growth of yeast
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but that the yeast will develop slowly without “bios.” Lobeck
left the question by stating that there was a difference in the
rate of growth of yeasts with and without ‘“bios.” ‘“Bios”
is taken from dead cells which are always present when more
than 100 cells are inoculated into the new medium, or the yeast
may synthesize it slowly in solutions which do not contain it in
the beginning. His first conclusion stated that ‘“‘bios” is neces-
sary for the growth of yeast, a far reaching statement not in
accord with certain statements in the discussion of results nor
data in the paper. He further concluded that there was no
‘“bios” in yeasts. Last of all Lobeck stated that the yeast method
was not sufficiently exact for evaluating the vitamin content
of substances. Lobeck throughout his paper, has used the
terms “bios’” and vitamins rather loosely.

Robertson and Davis (1923) entered the investigations in
this field in order to determine whether yeast could synthesize
vitamin B. They used a yeast, Saccharomyces cerevisiae proba-
bly, from Fleischmann’s compressed yeast. Their medium
was made with dextrose and inorganic salts. They suggested
that Nelson, Fulmer and Cessna’s results were partially invali-
dated because the constituents of their media were not chemi-
cally pure. MacDonald and McCollum’s work was also criti-
cized on the basis that bios was taken over from one culture to
another because 1 cc. of the agitated suspension was used for
starting a new culture flask. Robertson and Dayvis stated that
yeast could not synthesize its own “growth stimulating” sub-
stance. They worked with the following medium: asparagin
(Merck) 3.4 grams; calcium chloride, 0.1 gram; dextrose, 20 gram;
magnesium sulfate, 0.2 gram; potassium phosphate, (K,;HPO,)
1 gram; sodium chloride, 5 gram; sterile distilled water, 1000 cc.
This medium was adjusted to a pH of 7.0. Just what had to
be added to this medium to do this was not stated. Beef heart,
carrot, potato and yeast cells were said to contain water soluble
substances which when added to the above medium in high
diutions gave luxurious and continued growth of the yeast. In
the concentrations of these substances used, the yeast would not
grow. Robertson and Davis believed that the yeast cell could
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take these substances over from one medium to another. This
was also suggested by Eijkmann, Van Hoogenhuijze and Derks
(1922). Robertson and Davis suggested that this played a
role in the work of MacDonald and McCollum. One is led to
wonder whether Robertson and Davis were justified in assum-
ing that these water soluble substances were the so-called ac-
cessory substances. While in their summary they do not
state plainly that they belong in this category, the discussion
leads to this belief. It is difficult to see how Robertson and
Davis could use their data as bases for criticising the work of
Nelson, Fulmer and Cessna and MacDonald and McCollum.
Each of these three groups of investigators used different media,
different yeasts and different methods of working.

Fulmer and Nelson in reply to Robertson and Davis pointed
out some possible reasons why their yeast did not grow. Robert-
son and Davis used another medium at 37.5°. With data se-
cured in this manner, they could not refute Fulmer and Nelson’s
claim that yeast would grow indefinitely in synthetic media.
To meet the criticism of Robertson and Davis that their reagents
were impure, Fulmer and Nelson extracted cane sugar for seven
days with 95 per cent alcohol in a continuous extractor. The
only statement which Robertson and Davis made with regard
to their chemicals was that all substances were chemically pure.
No mention was made of the methods applied to determine
this. Consequently one may wonder whether the criticism
which they made of Fulmer’s medium might not apply to their
own. Media prepared with this cane sugar did not give any
poorer growth nor did the extract give a larger growth when
added to the basal medium. This statement is not in accord
with the conclusions reported by Willaman and Olsen (1923).
These investigators claimed that 95 per cent alcohol did not
remove ‘‘bios” from commercial sugar. If this is true, Fulmer
and Nelson’s extraction with 95 per cent alcohol would not have
much weight in meeting Robertson and Davis’ eriticism.

Working with Saccharomyces cerevisiae, Saccharomyces ellip-
soideus and yeast XII, MacDonald reported increased growth
when alcoholic or water extracts, of these yeasts, cominercial
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yeasts, wheat germ, malt, peptone, Liebeg’s meat extract and
autolyzed steak were added. Here data seemed to indicate
that yeast synthesized a substance which stimulated the growth
of the culture to which it was added. “Bios” differed from
vitamin in that vitamin is necessary for animal growth although
yeast grows, though slowly, and makes “bios.” MacDonald,
however, believed that the stimulating substance which she
observed was ‘“bios.” She justly criticized Funk and Dubin
for establishing a separate designation for this substance,
thereby classing it with the vitamins. MacDonald found
small seedings grew very slowly but grew more rapidly when
“bios” was added. ‘“Bios” was believed not to function as a
vitamin. MacDonald believed it to be a substance which,
while capable of synthesis by the yeast cell, was formed with
some difficulty.

Funk and Freedman in 1922 made the whole question more
complicated by stating that sucrose contained a vitamin, proba-
bly identical with their vitamin D; this favored the growth of
yeasts. This substance was said to have been removed from
the sugar solution with Fuller’s earth or by direct crystalliza-
tion from alcohol. They also stated that some ‘“vitamin D”
was carried over in transferring in sufficient amounts to allow
growth of the cells. Funk and Freedman claimed that yeast
could not synthesize vitamin B without vitamin D. If it is
proved that cane sugar contains a growth promoting substance
some of the work which has been done on this subject will have
been invalidated because sucrose was used in the media. Such
a state of affairs is not so improbable especially when it is re-
called that plant tissues in a number of species have been found
to be rich in accessory substances. This question needs further
study to (a) confirm or disprove Funk and Freedman’s conten-
tion, (b) demonstrate whether this substance if present is ‘“‘bios”
or vitamin B. The statements of Funk and Freedman concern-
ing the use in a medium of sugar which has been extracted with
aleohol, are in direct opposition to statements by Fulmer and
Nelson (1923) on the same subject and Harden and Zilva (1921).
It may also be further stated in this connection that there are
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probably a great many grades of sucrose available. Some of
these may not have been purified to such an extent as others.
It would undoubtedly make a great difference whether the su-
crose on which Funk and Freedman made their studies was a
high grade product—chemically pure—or whether it was a
product dispensed in the bulk for household purposes. With
a little care in purchasing and more care in experimental work,
one may quickly determine whether the sucrose which he is
using is satisfactory. If it will not support the growth of a
few cells (less than five perhaps) when added to a good basal
medium it probably does not contain factors which hasten the
growth and multiplication of yeasts. Asfar as can be determined
there is no other test for the yeast growth promoting factor than
to see whether yeasts will grow in its presence. The work
might be placed on a better basis if the several investigators in
this field would designate the brand and quality of sucrose
which they used.

Suzuki and Suzuki (1923) separated from vitamin B by means
of aluminum cream a factor which promoted bacterial growth.
They called it vitamin D and said that it was a decomposition
product of vitamin B. Heaton’s investigations also seem to
confirm Funk’s findings that there is a fourth vitamin which
stimulates yeast growth.

In order to further check this question of the ability of yeasts
to grow in mineral salt-sugar nutrient solutions Fulmer, Nelson
and White resorted to ‘“methose’” first described by Loew.
This “methose’” was added to Medium E in place of sucrose.
Saccharomyces cerevisiae grew well. Since this methose was
wholly of synthetic origin, this experiment was a little different
from those reported before. The ability of yeast to grow in
this medium seems to be more evidence that accessory sub-
stances are not required for yeasts. This was indeed a valuable
piece of work, and if confirmed, places considerable of a burden
of proof on those who claim the yeasts need ‘“bios.”

Working along the same lines as with liquid media, Fulmer
and Grimes (1923) announced the preparation of a solid medium
which supported typical growth of three species of yeasts, i.e.,
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Saccharomyces cerevisiae, Torula spherica and a Mycoderma.
The media used were prepared with pure salts and agar which
had been washed several times in distilled water. Against these
synthetic media malt agar was used as a control. Fulmer and
Grimes stated that the colonies on the synthetic agar were
from one-half to three-fourths the size of those on the wort agar
but were sufficiently large to allow easy counting. Variation
in the concentration of ammonium chloride did not seem to
affect the size of the colonies. Bacteria were found to give
poor growth thus indicating that the synthetic media were use-
ful for purposes of separation. This work from Fulmer’s labora-
tory would seem to be additional evidence that yeasts grow
on media containing inorganic matter but that they grow better
on media containing it (beer wort).

In 1923 Willaman and Olsen reported interesting data. They
showed that 95 per cent alcohol was a poor solvent for ‘‘bios’”
and that 80 per cent alecohol was a very good solvent. They
further stated that the method of MacDonald and McCollum
did not remove ‘‘bios” from a commercial sugar although it
was a satisfactory method for the removal of vitamin B. Willa-
man and Olsen explained the controversy between Eddy and
Fulmer both of whom used different alcohols for extracting the
accessory substances which they used. This explanation is
supported by the fact that Eddy, Kerr and Williams found their
crystalline “bios’” to be soluble in concentrations of alcohol less
than 80 per cent but insoluble in cold 95 per cent alcohol. This
is borne out by growth curves secured with media made with
sucrose extracted with 80 per cent alcohol in different ways.
A good growth curve was secured with sucrose extracted with
95 per cent aleohol according to MacDonald and MeCollum’s
method. The growth curves became less and less satisfactory
with each extraction with 80 per cent aleohol showing that some
accessory substance was removed. Willaman and Olsen were
led to the conclusions that ‘“bios” is different from water soluble
B vitamin. Normal growth of yeast was said to be impossible
without “bios,” a conclusion which is wvalid only if normal
growth is defined as the maximum growth. Over 60 compounds
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were tested found not to be “bios” itself. Even though they
believed that “bios” was different from vitamin B, Willaman
and Olsen did class it with the vitamins thus supporting Funk’s
nomenclature. In contrast to the results with chemical com-
pounds reported by Willaman and Oslen, we may mention the
fact that Otero (1624) reported that very small amounts of
puridin and nicotin stimulated the growth of beer yeast. Willa-
man and Olsen’s work would have been a little more conclusive
had they prepared media with the “bios” which they extracted
from the sucrose. They showed well enough that alcohol of
certain concentration removed some factor or factors from the
sucrose. One is also at a loss to know why “bios” should be
used to explain the different intensities of growth which re-
sulted from the use of sugars extracted with different concen-
trations of alcohol. We might assume that other alcohoi-
soluble impurities were present in the sucrose. These might
be characterized chemically if our methods were adaptable to
the small quantities which might be assumed to be present. It
should be pointed out, also, that Willaman and Olsen did not
use Fulmer’s medium and therefore did not prove that yeast
would not grow in Fulmer’s medium with their purified sugar.
Admitting for the moment that extraction with 80 per cent
alcohol did something to the sugar, is it right to explain the
results solely on the basis of “bios”? The same statement may
also be applied to the work of Funk and Freedman who claimed
to have shown the presence of a growth-promoting substance
for yeast in cane sugur.

Toward the end of 1923 more publications began to appear
which suggested that “bios” was not a substance of simple com-
position. Miller (1924) in an address before the American
Association for the Advancement of Science in Cincinnati in
1923 reported experiments in support of this contention. Miller
attempted to isolate the factor in beer wort which has such a
stimulating effect on the growth of yeasts. He found that it
was dialysable and non-volatile and that although prolonged
autoclaving of the wort destroyed it, moderate heating with
small amounts of acids or alkalis did not harm it. Such chemi-
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cals as hydrogen sulfide, lead acetate, barium sulfate, etc., were
harmless but shaking the wort with charcoal destroyed its
growth-promoting powers. These things were found in some
of the early work. Miller then sought a better source of “bios’
than beer wort. A better source was found to be the tips of
growing roots and consequently the “combings’” from the malt
house were used. These had about half the ‘“bios” content of
the wort but also had the advantage that only about one-sixth
the solids were present that were present in the beer wort.
Miller’s account led on to the announcement that ‘“bios” is not
a simple substance but one made up of two components, one
of which was precipitated from solution with barium sulfate;
the other was left in solution. Miller proposed the provisional
name “Bios I"” for the one which was precipitated with barium
and “Bios II"” for the component which was not. ‘‘Bios I”
was not absorbed by charcoal nor was it removed from solution
by shaking with yeast. Sugar of lead did not precipitate it.
“Bios I1” was absorbed by charcoal and could be removed from
solution by shaking with charcoal. It was soluble in acetone.
In beer wort “Bios I”’ causes no increase in growth, “Bios I1”
is not present in beer wort in such excess since its addition re-
sulted in an increased growth. Further work reported by Miller
seemed to indicate that “Bios II"’ could be further fractionated.

In a footnote appended to the paper on February 18, 1924,
Miller was able to report that “Bios II” had been fractionated;
he stated, “Thus Wildier’s ‘bios’ consists of at least three separa-
ble constituents, all of which must be present in the medium
to ensure normal reproduction of yeast.” Miller further stated
that while the work of Fulmer, Nelson and White with syn-
thetic media disproved the too wide claim that ‘“bios” is “in-
dispensable au developpement de la levure,” auximones existed
and the honor of their discovery rested with Wildiers.

Lucas (1923) gave a somewhat more detailed account of the
chemistry of “Bios I and II” but too incomplete for any one
else who might desire to confirm his results. Lucas stated
that the aqueous extract of malt combings contained enough
of Wildiers’ “Bios” to grow 700 million yeast cells per cubic
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centimeter under the conditions described by Clark (1922).
After concentration and removal of proteins, pectin, ete., by
alcohol, addition of baryta and alcohol throws down a precipi-
tate from which “Bios I and II” can be prepared and purified
by lead. The filtrate contains “Bios II"” which can be purified
by acetone. Aqueous solutions of sugar and salts to which
either one of these two constituents of “Bios” has been added,
will not grow yeast; but if both constituents be added, the yeast
crop is nearly as large as from the original extract. Thus
Wildiers” “Bios’ consists of two separable constituents. Lucas
published this note in May, 1923, and stated that the methods of
preparation and purification would shortly be published in full.
Experiments were said to be in progress which showed that
neither “Bois I,” “Bois II” nor both together could replace
vitamin B in experiments with pigeons, rats, and guinea pigs.
Eastcott (1923), working in the same laboratory, investigated
the natural distribution of “Bios I’ and “Bois I1.”

The amount of “Bios I” was determined by measuring the yeast
crop obtained after twenty-four hours at 25° in a culture medium con-
taining 1 ce. of an extract of the substance under investigation, 1 cc. of
a preparation of “Bios II,” and sufficient 10 per cent sugar solution
salts, and yeast suspension to bring the volume to 10 ce. and the initial
count to 1. “Bios II” was determined in the same way with the use of
1 cc. of a preparation of “Bios I” in place of “Bios I1.”

“Bios I and II” were found in approximately equivalent amounts in
lemon, tomato, potato, beet, spinach, ginseng, tobacco, barley, bran,
flaxseed, and egg yolk. A large excess of “Bios I”” was found in chloro-
phyll, turnip, rhubarb, orange, strawberry, grape, pollen, corn, polished
rice, cottonseed meal, alfalfa, hyacinth bulb, hyacinth roots, malt, malt
extract, catnip, tea, macaroni, molasses, insulin, cinchona, buttermilk,
pancreas, heart, and thymus. A large excess of “Bios II” was found
in rice polishings, mushroom, coffee, malt combings, egg albumin, and
liver. Very small quantities of “Bios I and 11" were found in agar, rice,
starch, tapioca, sago, honey, manure water, bone meal, soil from grass
plat, saliva, casein, and adrenalin hydrochlorid. Horse-radish, onion,
and kidney proved toxic to yeast in the presence of wort.

Lucas (1924) later reported his investigations in full. It
will be impossible to do justice to his report within the scope of
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a review. The apparatus used was patterned after Fraser’s
(1921). Lucas first of all reported that tests with some of
Eddy’s purified erystalline “bios” did not show the stimulation
that Eddy had reported. In order to search into the discrepan-
cies Eddy, when attending the meetings of the British Associa-
tion for the Advancement of Science in Toronto during the
late summer of 1924, brought some of his product with the
strains of yeast which he has used in his work to Toronto where
Lucas and Eddy made some observations together. Lucas
reported this as follows:

One of these cultures behaved very like the yeast used here, both
with Prof. Eddy’s crystals and with our “Bios” preparations; in a
solution of salts and sugar alone its reproduction is very slight. The
other culture, however, gave a high crop without any addition of “Bios”
at all, although much more was obtained when “Bios II” or “Bios I and
IT” was present. This observation shews how necessary it is in work
of this kind to control the strain of yeast employed, and no doubt ex-
plains repeated failures in this laboratory to duplicate the results ob-
tained by Mr. Fulmer with his medium E.

The yeast used by Lucas was isolated in pure culture from
Fleischmann’s yeast. The detailed methods of preparation
were listed by Lucas but these may be secured from the original
publication. This more comprehensive report from Lucas and
the report by Eddy published a month later now give an op-
portunity for others to investigate their methods of preparation.

Fulmer, Duecker and Nelson also came to the conclusion that
“bios’’ was not a simple substance. They made four fractions
with alcohol of a water extract of alfalfa according to procedures
which are given in their paper and which need not be repeated
here. All of these fractions stimulated the growth of yeasts
to a different extent. The authors are justified in light of their
own work and that of others to reach such a conclusion that
“bios’” is probably a very complex substance.

Miller’s discussion prompted Levene and van der Hoeven
(1924) to announce in a preliminary note which was followed
shortly by a longer paper, the preparation of a material from
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yeast which was more active than any vitamin B preparate
that had been prepared. In referring to Eddy, Kerr and Wil-
liams’ crystalline “bios” which is discussed later on, Levene
stated that many years ago, Mandel and Dunham prepared
from a commercial product, zymase, an adenine hexoside. The
same substance could not be found in yeast. However, in this
paper Levene reported that he had been able to prepare this
substance from yeast. The composition of his product was
C = 4441, H = 5.09, N = 23.57 and the melting point was
214°, Except for the hydrogen the analytical data corresponded
with those published by Eddy, Kerr and Williams. Dubin
tested the Levene preparation for its stimulating effect on yeast
but secured negative results. If the “bios” question is to be
finally solved, it will have to be by just such attempts as are
pointed toward the preparation of a pure substance.

More recently several more papers have been published by
Robertson on food accessory factors (vitamins) in yeast growth.
Two were published which bear on the topic being discussed.
The synthetic nutritient solution used by Robertson was pre-
pared as follows:

A DATAEIIL . oottt e e s 3.4 grams
Caleium Chloride, ... .o i i i 0.1 gram
Dextrose. ..o 20.0 grams
Magnesium sulfate. ...l 0.2 gram
Potassium phosphate (KoHPOy) ool 1 gram
Sodium chloride. .. ... e 5  grams

Sterile distilled water........... ... . . 1000 ce.

Robertson gave no information with regard to how this medium
was arrived at and what determined the amounts of the ingredi-
ents. These substances were boiled for three minutes, brought
back to original volume and the reaction adjusted to pH 7.4.
TN NaOH, care-
fully rinsed and sterilized. The above medium permitted con-
tinued growth of B. coli-communis but not that of yeast. How-
ever, the addition of aqueous extracts of autolyzed yeast and
grated carrot permitted the continued growth of yeast but did

All glass ware had been previously washed in
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not accelerate the growth of bacterium coli. The filtrate of
the synthetic medium upon which Bacterium coli had grown
also permitted continued growth of yeast. Robertson seems
to have overlooked the fact that a filtered culture of Bacterium
coli may have contained other substances than ‘“‘accessory sub-
stances.” Also the addition of an aqueous extract of autolyzed
yeast or grated carrot probably contained a great many dif-
ferent food substances for the yeast. Many investigators have
shown that a very slight amount of organic matter greatly
stimulated growth of yeasts in synthetic media. There would
probably be an appreciable amount of soluble organic matter
and inorganic salts in such a product as an aqueous extract of
grated carrot.

Robertson continued this work just discussed in which it was
shown that washed yeast cells could not grow long in his synthetic
medium. He used the same medium as mentioned above. In
this second report data secured with Saccharomyces cerevisiae
and a number of other pathogenic and non-pathogenic bacteria
were published. He confirmed his former statement that yeast
could not live beyond a few transplants in the synthetic medium
adopted. However, when filtered cultures of the several bac-
teria which did grow in the synthetic medium were added, the
yeast grew abundantly. These cultures were prepared by
growing the organisms in 1 liter flasks at 37° for ten days. It
is not at all improbable that such a preparation contained con-
siderable organic matter. Robertson’s method of determining
growth was also rather indefinite. It is possible that his medium
is not a good one for yeasts in general, and, in particular possibly
for the species which he used. In this paper as in the former one
Robertson unfortunately used the word ‘“‘generation’” synony-
mously with “transplant.” Where continued growth was se-
cured, transplants were carried through the fiftieth generation;
the cultures were transferred every forty-eight hours. This
transfer period may have been too frequent since Robertson
may not have given his yeast time to start growing in his medium.
The term generation should probably be used in the original
sense—the formation of a new cell. Generation times have
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been computed by a great many workers as criteria of growth
and to have the word used in place of transfer or transplant might
complicate the subject.

Lepeschkin (1924) reported that yeast did not grow normally
in synthetic solutions containing 10 per cent of glucose, 0.1 per
cent asparagin, 0.1 per cent magnesium sulfate and 0.2 per cent
KH,PO, were 1 or 2 cells were used as the inoculum. Larger
quantities of seed allowed normal development. Addition of
this vitamin B to cultures of Penicillium glaucum was effective
only in the first period of growth. Lepeschkin suggested that
the action of vitamin B may be catalytic or similar to that of
the co-ferment in fermentation. ILepeschkin’s report concerned
data secured with Saccharomyces cerevisiae I Hansen. He
stated that if the “Tropfchenkultur’” of Lindner was made
with the above named yeast in such a manner that a single cell
was present in each drop of the culture solution containing
ammonium sulfate as the source of nitrogen, no development of
the yeast was observed. On the other hand, if the culture
liquid contained peptone, the development was excellent.
Lepeschkin did not tell how much medium was present in his
culture flasks. He next determined to find out whether the
lack of development of single cells was due to an absence of
vitamin. To do this Lepeschkin prepared vitamin from yeast
according to the directions of Funk. The addition of 0.001
per cent of crystallized vitamin (M.P. 233°, molecular weight 511)
made possible the development of the yeast. It isinteresting to
note that the melting point of the material used by Lepeschkin
is very close to that of Eddy’s crystalline ‘‘bios.”” Lepeschkin
also made the interesting observation that when vitamin was
present in the culture fluid it not only increased the growth of
the yeast but also increased its fermenting ability. He showed
this by preparing a homogenous emulsion of the yeast cells so
that there were 2 or 3 cells per drop when placed on the under
side of a cover slip. Increasing quantities of vitamin were
added to the solutions, 0.01, 0.001, and 0.0001 per cent. The
results indicated that no important difference was observed
between the effect produced on the growth of the yeast by 0.01
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per cent vitamin and that produced by 0.001 per cent. On the
contrary the 0.0001 per cent solution produced a much weaker
effect. Lepeschkin concluded that the yeast cell required only
a small amount of vitamin and that it was useless to increase the
amount. A comparison of Lepeschkin’s medium with others
of similar composition, suggests that perhaps he did not have
the proper amounts of inorganic salts.

~ince Wildiers’” work, investigators have been trying to solve
the chemistry of “bios.” In 1924 Eddy, Kerr and Williams
made announcement of the preparation of what may be re-
garded as the first definite chemical substance having the pro-
perties of “bios.” This product was isolated from autolyzed
veast by different absorbents and had a melting point of 223°.
In amounts of 0.005 mgm. per cubic centimeter of Fulmer’s
Medium F it produced during a twenty-four-hour incubation
at 31° a volume of yeast fifteen to twenty times that in the con-
trols. The yield of the product was about 0.03 per cent of the
autolyzed brewers’ yeast. Analysis showed 43.29 per cent of
carbon 8.31 per cent of hydrogen. The nitrogen content was
not determined accurately but was thought to be about 25 per
cent. (This was later stated to be 8.31.) The substance gave
no ninhydrin or biuret reaction. It was freely soluble in cold
water, in acid and alkalin solutions, and in dilute ethyl alcohol.
It was only sparingly soluble in cold 95 per cent aleohol. It
passed readily into solution when the alcohol was heated. It
was only slightly soluble in absolute acetone but the addition of
a slight amount of water brought about the solubility of the
product. Eddy, Kerr and Williams (1924) later made a more
exhaustive report of the methods of preparation and prop-
erties of their crystalline substance having the properties of
“bios.”” These authors reported at this time that the action
of their material seemed to have more specificity for top-growing
veasts than for bottom-growing yeasts. The crystalline form
was said to be orthorhombic, the formula C;H;;NO;, the molec-
ular weight approximately 133, and the index of refraction
between 1.52 and 1.53. While the chemical structure was unde-
termined, Eddy and his colleagues thought it was a heterocyclic
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nitrogen-carbon ring with a carboxyl group attached. They
reported the substance* to lack antineuritic power showing that
it was not vitamin B, but were unable to yet conclude that it
was devoid of effect on mammalian growth. It is interesting
to note that Eddy and his colleagues found that their “bios”
preparate did produce an increase in rat growth after a period
of vitamin B deficiency but the recovery was slight and tem-
porary; furthermore, addition of ‘‘bios” to the Seidell product
did not improve the growth curve. On the other hand, the

4 The author has had helpful suggestions from Professors Fulmer and Eddy.
The latter kindly sent several papers containing unpublished data to which we
may briefly refer at this time. At the December 1924 meeting of the American
Association for the Advancement of Science in Washington, Eddy in collaboration
with Kerr and Kellogg, read a paper entitled, The Activity of Bios. At this time
Eddy reported more data resulting from studies with his erystalline ‘‘bios.”
These experiments were stimulated by the unfavorable results reported by Lucas
(1924) and Peskett (1924) with Eddy, Kerr and Williams’ erystalline ‘‘bios.”
By using the rocking thermostat proposed by Clark and Fraser, Eddy was able
to find confirmation of the activity of his pure crystalline compound. Further-
more, he found that temperature had a striking effect even over a range of two or
three degrees. Thus the action of Eddy’s ‘‘bios’’ seems to have a high tempera-
ture coefficient. Eddy reported the isolation of his erystalline *‘‘bios’ from al-
falfa and corn. He believed that the Toronto products of Miller and Lucas were
“bioses’’ of a different nature from his. Eddy, on account of the similarity in
constitutional formula between Mueller’s new sulfur containing amino acid
(Mueller, J. H., J. Biol. Chem., 56 (1923) 157) and his new erystalline bios was also
led to test the ‘‘bios’” properties of the former. It was found to posses as strong
“‘bios” activity.

This paper stimulated some discussion during which it was suggested by
E. C. Kendall that Eddy’s ‘“‘bios’’ was identical or closely related to thyroxin.
Kendall believed this group may be attached to vitamin B. Kendallis now work-
ing toward a synthetic “‘bios.”” Perhaps we should rest the review at this point
since these data are of such recent origin (January 1925). Ttisinteresting tonote,
however, that the ‘‘bios’’ question seems to be going back toward vitamin B.

Eddy also sent the author a copy of a paper by Doctor Horacio Damianovich,
entitled, Contribucion al Estudio del “Bios” O Vitamina D Extraido por el
Metodo de Walter Eddy, Ralph Kerr Y R. Williams, which was read at Segundo
Congreso de Quimica (Primero Sudamericano, Buenos Aires, September 18, 1924,
In this report Damianovich presents data which support the claims of Eddy and
his colleagues. Instead of measuring the increase of yeast cells, he measured the
consumption of glucose. Dilutions of “‘bios’” as high as one thousandth of a
milligram per c.c. of medium showed great activity. Damianovich prepared
Eddy, Kerr, and Williams’ “‘bios’’ acecording to methods which were sent to him
in advance of publication.

CHEMICAL REVIEWS, VOL. 1, NO. 4
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Seidell product is admittedly a mixture and it gave a “bios” test.
These tests, therefore, leave unsettled the question of whether
vitamin B can produce ‘“bios” effects or whether ‘“bios” can
affect mammalian growth if polyneuritis is prevented. In
reference to the several ‘“bioses’” which have been reported by
Miller (1924) and Fulmer and his colleagues (1924) Eddy, Kerr
and Williams stated that their results did not negate the possi-
bility of more than one ‘“bios.” The relative stimulation se-
cured with addition of their pure product and the yeast autol-
ysate suggested that the latter contained more than one growth
stimulant. Those desiring the procedure for the preparation of
this ‘‘bios” may consult the original publication. We may soon
hope for confirmation of Eddy’s conclusions for if they are con-
firmed, we will have made, perhaps, a long step toward the
solution of the chemistry of vitamins. There will also be better
bases for testing the “bios’”” properties of some of the chemically
definite substances which have similar chemical properties.
The statement of Eddy, Kerr, and Williams concerning the solu-
bility of their crystalline ‘“‘bios” is of some special interest. As
stated it was soluble in cold alecohol as long as the concentra-
tion is less than 80 per cent, becoming almost insoluble in cold
95 per cent alcohol. It was readily soluble in 95 per cent hot
alcohol. Eddy and his colleagues used these solubilities to ex-
plain in part the controversy between Fulmer and themselves
and to justify Willaman and Olsen’s use of 80 per cent alcohol
instead of 95 per cent to free the sugar used in their media from
contaminating ‘‘bios.”” When Fulmer replied to the criticism
of Robertson and Davis, he stated that he extracted ‘“‘with 95
per cent aleohol in a continuous extractor.” This means of
course that he used hot 95 per cent alcohol which Eddy him-
self states is a good solvent for ‘bios.” Does not this in-
validate Eddy’s statement about Fulmer’s work? Seidell’s
(1924) review of the chemistry of vitamins is interesting in
this connection. Lucas (1924) had difficulty in securing the
stimulation with Eddy’s pure “bios” which Eddy had reported.
Deas (1924) reported that malt rootlets and combination in-
fusion of the same and fractions known and “Bios I’ and ‘‘Bios
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II” of the yeast growth promoting vitamin either separately or
in combination are insufficient to produce the growth of rats.
Consequently Wildiers’ “bios” and Funk’s Vitamin D are
not identical with the rat growth promoting vitamin B. It
was also said not to be identical with the antiscorbutic vitamin C.
It would be wrong not to attempt to secure help in the analysis
of this problem from experiments in adjacent fields. Lack
of space prevents a broad application of this idea but we may
mention briefly the work of T. B. Robertson with the pro-
tozoa. He was concerned in studying the rate of development
of isolated cells of protozoa. He called attention in an interest-
ing discussion that a protozoan culture may exhibit youth, age
and the phenomenon senescence that is, not merely the slowing
down of multiplication which is age, but that diminution of
the capacity to multiply, even under suitable conditions and in
the presence of abundance of food-stuffs, which is senescence.
It will be impossible for us to give much space to Robertson’s
work. We may, however, point out some of the salient parts
of his conclusions which seem to bear on the topic being dis-
cussed in this review. He reported that the rate of multiplica-
tion of a single cell of an infusorian Enchelys farcinem Ehr. fell
off at first very rapidly and later more slowly with increasing
age of the culture. He was unable to detect any accumulation
of a retarding substance in old cultures. Bacterisation of the
hay infusions greatly stimulated the reproductive capacity of
the isolated organisms and delayed the loss of reproductive
capacity which occurs with advancing age. Heating of the
bacterized infusion did not upset the multiplication rate of the
organisms. The stimulation in reproduction was also found
to be due to a filterable, thermo-stable non-volatile factor to
which Robertson gave the name X-substance and not to the pre-
sence of the bacterial cells. Robertson also stated that when
large numbers of cells were present in a culture the organism
could withstand adverse effects such as high temperature. In
the next paper he reported that when two individuals from the
same parent culture were placed in a drop of culture medium
not twice as many but from four to six or eight times as many



458 FRED W. TANNER

cells were produced as were produced in cultures started with
one cell. He further showed that some substance to which he
had given the name X-substance was responsible for the ac-
celerated growth of the protozoan in contact with other cells.
The possibility that the X-substance might be related to the
vitamins was suggested; however, it was said not to be vitamin
B because it resisted boiling. This hypothetical substance was
also believed not to be an accelerator in itself of multiplication
but was converted by the animal cells into an accelerator. Cut-
ler and Crump working with Colpidium colpoda could not con-
firm Robertson’s conclusions with regard to allelocatalysis.
Sherman and Albus. (1924) were also unable to demonstrate
allelocatalysis with cells of Bacterium coli.

In their work on the need of vitamins by certain of the bacteria
Hosoya and Kuroya (1923) have also studied some yeasts.
They used “Berlin” and ‘“Yebisu”’ beer yeasts (Saccharomyces
cerevisiae), ‘“‘Johannesburg’’ grape vine yeast (Saccharomyces
ellipsoideus), ‘“Saké” veast (Saccharomyces saké) in Nigeli's
medium. The yeasts were grown on “koji’” and from this 2
mgm. of a two-day growth were transferred to 10 cc. of Nigeli’s
medium. One cubic centimeter of this was transferred to 9 cc.
of the same medium and 0.5 cc. of the last emulsion was used
for inoculation of the synthetic media. It is interesting to note
that they adjusted the reaction of Nigeli’s medium by some
means probably those usually used by bacteriologists. Where
Nigeli’s medium was used without any accessory substance the
yeasts did not grow and ferment; however, when 0.0625 mgm.
of Tsukie’s (spelled Tsukiye by the original author) vitamin
B was put in a large amount of gas was formed in from two to
three days. These authors also tested the effect of the addition
of various amino acids on the growth and fermentation of yeasts
These amino acids phenylalanine, alanine, tyrosine, glycocoll,
mixed crystals of dl-leucine and dl-isoleucine had no effect
while Tsukie’s vitamin B had a profound effect on the growth
of yeast.

The characteristics of the yeast vitamin caused these investi-
gators to conclude that the vitamin essential for hemolytic
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streptococci is different from the vitamin required by yeast.
Thus the subject is becoming increasingly more complex. The
chemical and physical properties of the yeast vitamin were
listed as follows:

“a. This factor is most stable to heat. It remained potent
by heating in neutral solution in the autoclave at 182° to 185°
for two hours.

b. It is very stable to alkalis, and even when heated in the
autoclave at 140° and 3.5 atmospheric pressure for two hours in
degree of alkalinity of normal sodium hydroxide.

c. It is adsorbable with animal charcoal from neutral solu-
tions but not by Fuller’s earth.”

Consequently, the vitamin required by hemolytic strepto-
cocci was said to be different from the vitamin required by
yeasts (vitamin D). At first thought it might appear that the
experiments and conclusions of Hosoya and Kuroya confirmed
the work of R. C. Robertson and Davis. It is well to keep in
mind, however, that these groups of investigators worked with
different media and yeasts. The former used a medium of their
own with one culture of yeast, the origin of which was Fleisch-
mann’s compressed yeast, while Hosoya and Kuroya used
Négeli’s medium with several species of yeasts. It is very
doubtful whether these should be looked upon as confirmatory
reports.

The work by T. B. Robertson stimulated Peskett to test
Robertson’s conclusions on Infusoria with yeast. Peskett
grew yeast in bacteria-free solutions—in hanging drops with
one, two, three, and in a few cases, five cells of yeast. He used
a basal medium composed of primary potassium phosphate
(KH:PO,) 5 grams; ammonium chloride, 2.5 grams; magnesium
sulfate, 0.35 gram; calcium chloride, 0.25 gram; distilled water,
1000 cc. From this three other media were prepared as follows:
I, Basal medium plus 60 grams per liter commercial cane sugar.
IT, Basal medium plus 50 grams, per liter of recrystallized cane
sugar. III, Basal medium plus 50 grams per liter recrystallized
cane sugar plus one-fourth of its volume of a solution containing
12 mgm. per 100 cc. of a solid “bios complex.” This “bios”



460 FRED W. TANNER

complex was prepared according to the method of Eddy, Kerr
and Williams. The cane sugar was recrystallized from hot 80
per cent alecohol according to method of Willaman and Olsen.
The culture used was Saccharomyces cerevisiae secured from
the Lister Institute. A modification of Williams’ technic was
used for following multiplication. While Peskett could not secure
evidence that growth was allelocatalytic, it is interesting to see
that multiplication took place even when one cell was present
in the hanging drop. Peskett stated that within the limits of
experimental error, the growth of two cells was approximately
double that of one cell. The growth of living yeast was not
therefore accelerated by the presence of other living yeast cells.
Dead cells, also, did not seem to acclerate growth which con-
flicts with the opinions of Henneberg, Kossowicz, and others.
Peskett found that Eddy’s crystalline ‘‘bios” did not stimulate
the growth of yeast. In fact in the mount to which it was
added, there was less growth than in the mounts which did not
contain it.

Henneberg remarked, that a single yeast cell in a hanging
drop may be benefited by other cells from which it may secure
utilizable materials. Such studies were carried out by Lindner
(1905), Lindner and Stockhausen (1906) and Stockhausen (1908).
Going to the other extreme, it is well to point out that Clark
(1920) reported that “crowding’” of cells had little effect.

Tanner, Devereux and Higgins (1925) reported the use of
a great number of different species of yeast. They stated
that most of the work of other investigators had been carried
out with but one or few species of budding fungi in one medium.
In some cases generalizations had been made which were not
warranted. Fifty pure species of budding fungi and twenty-
two cultures which had been isolated from sore throats by
Tanner and Dack (1922) were grown in Nigeli’s, Fermi’s, and
Fulmer and Nelson’s Medium F. Fulmer and Nelson’s Medium
F was found to be more satisfactory than either Nigeli’s or
Fermi’s. Eddy had also reported that Medium F was a better
medium than Négeli’s medium. These authors also pointed
out that the solid matter in a yeast cell 5 microns in diameter,



THE ‘‘B10s8”’ QUESTION 461

assuming that the specific gravity was 1, would be about
0.000,000,009,817,5 mgm. indicating that a ‘‘bios”-containing
extract would have to be diluted far more than any of them
have been, to avoid an acceleration in growth that might result
from the addition of chemically definite substances in the ex-
tract. Under such a condition it was wrong to attribute the
increase in growth to “‘bios’” when other factors which are chemi-
cally known might be responsible. Tanner and his colleagues
also stated that each species of yeast probably had its own die-
tary requirements making one medium better than another.
Consequently some preliminary attention should be given the
medium and the requirements of the species of yeast which the
investigator intended to use, in order to be certain that the
yveast was being given a fair opportunity to develop. They
finally stated that it was unnecessary to assume the require-
ment of ‘“bios’” or any other hypothetical substance to explain
the absence of multiplication of a yeast in a synthetic nutrient
solution. Lack of growth might be due to other things; con-
versely, the stimulation of growth and multiplication following
the addition of a supposedly “bios” containing substance did
not indicate that “bios” is necessary since the stimulation might
be due to other factors in the “bios’ preparate. It was admitted,
however, and some statements were made in the paper to sup-
port it, that yeasts developed better in a medium to which yeast
water had been added. Whether the stimulation in growth was
due to “bios” or to the other materials in the extract was not
known. The statement of these investigators that each yeast
may have its own most favorable medium confirms a statement
made by Henneberg in 1907. Henneberg in this investigation
studied very carefully the effect of minute changes in the com-
position of the synthetic medium.

Before leaving the subject it is well to point out that even
wort may be ‘“‘improved” as a culture fluid for yeasts. This
review has already become too long and only a paper by Baetslé
(1924) will be mentioned because this is of recent date and quite
pertinent. This author found that added vitamins, amino-
acids and certain inorganic salts stimulated the development
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of yeast. A brewery wort of 12° gravity was used as the medium.
The vitamins were added in the form of a cold water extract
of green malt or of undecorticated rice; a six hours’ extract at
113°F. of green malt, afterwards kept at 284°F. for an hour to
destroy vitamins, furnished the amino-acid addition, while the
source of mineral matters was a malt steep water, which was
rich in potassium phosphate. The untreated and treated worts
were seeded with the same amounts of the same yeast, one series
with a small and a second series with a large quantity. Fer-
mentations took place either at 77°F. without aeration or at
room temperature with aeration. On completion of the fer-
mentations, determinations were made of the weight of yeast
produced, the free acidity, the “formol’”’ nitrogen, and the gravity
of the wort. Fulmer, Sherwood and Nelson (1924) also showed
that the addition of the optimum concentration of ammonium
chloride to beer wort incubated at 42° increased the yeast crop six
fold. These authors were led to state as part of their conclusions
that the main role of “bios’ in yeast growth cannot be the same
as that of ammonium chloride—i.e., the maintenance of the
proper state of hydration of protein. The generalization was
stated that if the addition of ammonium salt to a medium in-
creases its ability to dehydrate gluten the addition will likewise
improve the medium for the growth of yeast, the effect being
maximum in any combination inwhich the gluten is least swollen.

The presence of vitamins was not indispensable, since, even
after their destruction almost as heavy a yeast crop was obtained.
Vitamins and amino-acids stimulated the fermenting power
as well as the growth of the yeast, large seedings resulting in an
increase of fermenting power, while, with small seedings the in-
crease in growth was more marked. Aeration produced a great
increase of yield and in the presence, both together, of vitamins
and amino-acids an excessive attenuation was produced. To
obtain commercially the maximum of yeast, a mixed infusion of
vitamins and amino-acids should be added to the wort. As
a preliminary, it is advisable to neutralize with sulphuric acid
two-thirds of the malt alkalinity and to make a peptoniza-
tion to increase the amount of amino-acids. No one in-
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terested in the general subject of yeast growth should overlook
Clark’s (1922) and Fraser’s (1921) paper in which the ‘“rocker”
thermostat or tube was used for studying yeast growth.

SUMMARY

It would be almost impossible to summarize the various data
and opinions that have been published on this question. Most
of the investigators since 1901 have been concerned with es-
tablishing the correctness or disproving Wildiers’ statement
that an hypothetical substance to which he gave the name
“bios” was necessary for the normal growth of yeasts. It is
interesting to note, however, that very few, especially those in
America, have tried to use Wildiers’ technic. Perhaps a better
starting point would have been the use of these various factors
such as medium, species of yeast, and other details of technic.

One who has special training in the methods of microbiology
also wonders whether the technic used in some of the experi-
ments which have been reported, has been in accord with that
used by trained bacteriologists and microbiologists. For in-
stance, some authors relied on pasteurization, another on boiling
for sterilizing their media. It is well known that numerous
bacteria exist which form very resistant spores. One bacte-
riologist has reported an organism, the spore of which resisted boil-
ing for 17 hours. Other illustrations could be mentioned to
support this. It is obvious that the methods of sterilization
should be rigorous and sufficient to insure sterility. A perusal
of the descriptions of technic also causes one to question the
sterility of the preparates even though sterile media may have
been used. In some cases no attempt seems to have been made
to determine whether bacteria were present. It is known that
the mutual relationships of microorganisms are important.
Some bacteria may inhibit the development of yeasts, others
may favor it. Several statements appear in the publications on
‘“‘bios” to indicate that the growth of the yeast was influenced
by contaminating bacteria.

Fulmer and Nelson (1922) also pointed out another fact
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that the terms vitamin, “bios” and auximones should not be
confused. They defined them in 1922 somewhat as follows:

Vitamin: materials of unknown constitution, necessary in the diet
other than fats, proteins or carbohydrates, or mineral salts, for animals.

“Bios”: substances of unknown composition supposed to be neces-
ssary for best growth of yeasts.

Auzximones: substances of unknown composition supposed to be
necessary for the growth of plants. Their existence is very doubtful.

This suggestion was borne out by reports later on from several
different laboratories that vitamin B and “bios” were not only
different but that ‘“bios” itself was composed of several different
components. Drummond- (1924) has also pointed out compli-
cations which arise from different definitions. He has stated
that from the present state of our knowledge we may reasonably
regard a substance as a vitamin if it is essential to the life and
well-being of an organism which does not possess the power to
synthesize that substance, and also if it is organic in nature,
and does not belong to any one of the three great classes of food-
stuffs, proteins, fats and carbohydrates. Drummond pointed
out a fact which should be kept in mind by those who are working
on the “bios” question—that we must differentiate between
substances essential for life and growth and those which appear
to act more as stimulants of growth.

Is “bios” a vitamin? Keeping in mind Drummond’s defi-
nition of a vitamin which has been quoted above, and admitting
that yeasts may grow and multiply in pure mineral salt-sugar
solutions as shown by Fulmer and Nelson (1922), MacDonald
(1923) and Tanner, Devereux and Higgins (1925), we must
conclude that in the light of present experimental evidence,
that “bios” is not a vitamin as suggested by Williams (1919)
and by Funk and Dubin. In this relation the recent report by
Eddy, Kerr and Williams (1924) that their crystalline ‘“bios”
produced an increase in rat growth after a period of vitamin
B-free diet, although the recovery was slight and temporary,
causes one to wonder whether Eddy, Kerr, and Williams have
“bios,” a vitamin as a mixture of the two.
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It seems to have been fairly well established that the methods
of experimentation have had much influence on the data which
have been secured. Lindner used this explanation to explain
the original controversy between Pasteur and Liebig. Willa-
man and Olsen also explained the controversy between Eddy
and Fulmer on the basis of different methods of extracting
materials for accessory substances. Tanner, Devereux and
Higgins (1925) called attention to the possible confusion that
results when different criteria of growth are taken. In this
connection they mentioned the statement of Slator, who after
discussing different methods that could be used {or determining
growth, stated that the results obtained by these various methods
were sometimes different. Slator reported that yeast ceils
grew in size after multiplication had stopped.

One group of investigators denies the existence or need on the
part of the yeast plant, of a substance like “bios.” They feel
that yeasts will grow without this accessory substance.

Another group believes that “bios” is necessary for the growth
of yeasts. They are unable to secure growth of yeasts in pure
solutions without it. Certain of these investigators have re-
ported fractionation of “bios” into components which are neces-
sary to one another.

A third group of investigators believe that yeast will grow in
pure nutrient solutions without “bios” but that the addition of
a bios containing substance may cause increased growth.
Whether this acceleration in growth following the addition of a
“bios” containing substance is due to “bios” or to some other
factor in the preparate has not been satisfactorily established.
In this connection it is well to point out that even a medium as
beer-wort which is rich in “bios” may be improved by the addi-
tion of other “bios” containing substances.

A fourth group may also be recognized including those who
have isolated “bios” or substances having ‘“bios”’ properties.
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