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BIOTIC ACID 
A NEW GROTH PRINCIPLE 

I 

INTRODUCTION 

In 1901, Ides (28) and Viildiers (26) first showed 

the need of adding a small amount of yeast extract when 

growing yeast from a ligtht seeding in a medium containing 

only sugar and inorganic salts. 1hey attriluted the 

growth promoting effect to an unknovrn suibstance present 

in the extract and designated it Thios". Siice that time 

a volirniinous amount of work has been done in attempting 

to identify organic compounds responsible ior the "bios" 

action of extracts from natural materials. 

Only three laboratories, however, have been success- 

ful through Their yeast studies in isolating substances 

giving marked growth stimulation when pre sent in very 

low concentrations. A brief tatennt concerning each 

of those knavn nutrilites is given: 

1. Inositol -- In 1928, Miss Eastcott (2), working 

in the laboratory of Lash Miller at loronto, identified 

meso-inositol as a growth stimulant for yeast when 

necessary unidentified co-factors were also supplied. 

2. Biotin -- }ög1 and covzori:ers (li) isolated 

the physiologically active methyl ester of biotin in 1936. 
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It is effective in accelerating yeast growth from a heavy 

seeding at a concentration as low as one part to four 

hundred billion parts of synthetic culture medium. 

3. Pantothenic acid -- R. J. Jilliams and associates 

(32) recently publihed the procedure by v:hich they 

obtained the calcium salt of pantothenic acid in an almost 

pure ±orm. this acid, or its 'ecursor-- ß-aianine C 25)-- 

is essential in obtaining a substantial crop of yeast 

from a small seeding in synthetic medium. 

R. J. Viilliams (31) also showed, in 1930, that the 

crystalline antineuritic vitamin (thiamin) which Jansen 

and Donath had isolated served as a growth stimulant. 

However, even when the basal medium is sipplemented 

with the known nutrilites--inositol, crude biotin prepara- 

tions, pantothenic acid (or-alanine), and thiamin--the 

growth obtained is not at all comparable to that obtained 

when a small amount of yeast extract or autolyzed liver 
extract is added to the medium. It was, therefore, decided 

that a study should be made of the additional unidentified 

factors present in such extracts, which exhibit such marked 

effects in supplementing the growth stimulating activity 

of the known Ttbios compounds. 

In preliminary work on this problem, it was found 

that treating an autolyzed-liver extract 'ith fullerT s 
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earth separated two physiological principles active in 

promoting 7ea5t grov;th. :Iie one which was almost corn- 

pletely adsorbed on the fuller's earth and easily eluted 

therefrom by pyridine was desiznated 11eluate factor" and 

was found, bj using the fractional electrical transport, 

to IDe neutral or slightly basic, as is characteristic o± 

siftstances adsorbed on fuller's earth; the other principle, 

which remained in solution, was called filtrate principle" 

and was, in a similar manner, shoa to be acidic. fter 
saIne work on both factors it was decided to concentrate 

our study on the filtrate (acidic) principle. (This 

proved to be a fortunate choice as later it was found that 

our "eluate factor" could be replaced by Vitamin 1B6--a 

compound which had already been obtained in pLu'o crystallthi.e 

form by several workers in the vitamin field (5), (9), 

(14), (16). Its structural formula ha been recently 

determined by iuhn and endt (15), and its synthesis 

reported ('7).by Harris and Folicers. 

Liirther work with our active filtrate principle showed 

it to be an acid having distinctive physiological and 

chemical properties, and, since the acid serves as a "bios" 

for our yeast, it has been designated "biotic acid". 

The specific purpose of the work undertaken was to 

determine the chemical nature and the physiological 

properties (on yeast) of biotic acid, and to effect its 
concentration from crude extracts. However, as a more 
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general objective, it is believed that in so doing we 

are not isolatin merely a specific nutrilite for a single 

strain of yeast, but that we are locating a chemical 

entity which may play an Indispensable role in the mechan- 

ism of ail living cells. 

Our reason for so believing is evident when one 

considers the results which have been obtained in work 

on the vitamin B complex. The first four members of the 

complex to be identified--thiamin (33), riboflavin (13), 

nicotinamide ( 5) and crystalline vitamin B6 (l5)--were 

each isolated and first studied, using as experimental 

organisms, species at the top of the oiological scale-- 

rats, pigeons, chicks, dogs, guinea pigs, monkeys, and 

even men, fter their identification, however, each of 

these four comDounds was shown by bacteriological workers 

(12) (23) to have marked physiological effects on certain 

species of their micro-organisms. Just the reverse of 

this, though, occurred in the study of pantothenic acid, 

or it was isolated using yeast as the "tool'T was 

first shown to be important in the nutrition of the micro- 

organisms (29( (22) (24). Now, recent tests by vitamin 

workers sLow that it serves as the chick anti-dermatitis 

factor (8) (34), a vitamin essential in the diet of the 

chick (17), and one o the activ principles present in 

the filtrate factors of various workers who are using 
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mamn.1s as testing ents (IS) ( 8). Thus, pantothenic 

acid, a "yeast nutriliteT' turns out to be the fifth 

identified member of the vitamin i3 complex and a compound 

necessar'j in the proper functioning of some (Lind probably 

all) higher organisms. rom extensive studies that have 

b en made on these factors, it uould seem that each is a 

necessary Dart in the working "machinery" of living matter. 

This suposition seems logical enouph, indeed, when we 

consider the widespread occurrence of the B-vitamins in 

nathre, and when we remember that each of the five has 

been shown to be necessary for the correct functioning 

of very diverse forms of life, from the simplest to the 

most òomplex types. 

A consideration of the facts just discussed suggested 

the possibility that our newly defined yeast "bios" might 

likewise be important for more complex organisms as well 

as for yeast. nd since further studies have shown biotic 

acid to be very closely tied up in 7cast physiology with 

at least three of the vitamin components--Dntothenic acid, 

thiamin, nd vitamin are led to believe that we are 

working with another essential component of te vitamin 

B complex. 
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TESTING PROCEDURES 

The strains of yeast employed by the various workers 

are quite different in many physio1oica1 respects (3O) 

even. though they are classed in a single species, Saccha- 

romyces cerevisiae. The testing conditions used, i.e. basal 

medium, amount of seeding, growth period, etc. also vary in 

the different laboratories and markedly influence the effect 

of the material being tested. These facts must be taken 

into account when interpreting the results of bios studies. 

A swunary of the methods developed for testing for biotic 

acid follows: 

Yeast used. To obtain a pure culture of Fleischmann's 

yeast, a suspension of yeast from the center of pound 

(bakerTs) cake was plated out in October, 1936, and an iso- 

lated colony selected. The culture grown from this colony 

appeared very uniform under the microscope and in growth 

tests acted identically as did the yeast from the cakes. 

This culture (designated UF.B.U) has been kept on beet 

molasses-agar slopes and transferred about once every two 

weeks. A year after isolating the culture, a test was run 

in duplicate, using in one set the F.B. yeast, and in the 

other, yeast from a fresh cake. The results of the two 

sets agreed very closely, indicating that the culture had 

not changed materially. This yeast responds very well to 
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small amounts of biotic acid concentrates. 

Medium. The basal medium used in testing for biotic 

acid contains per liter: 

(20 grams C.P. Sucrose 0.25 gins. MgSO47 H20 
A. ( 3 grams (NH4)2s04 0.25 gins. CaC12 

( 2 grams K.H2PO4 0.10 gins. 1-Aspartic acid 

( 5 ings. Inositol Inorganic traces (0) 

B. ( 0.5 milligrams ß-aianine 
(20. micrograms thiamin 
(20. micrograms Vitamin B6 

The nutrilites composing part "B" of the medium are 

added to the rest of the medium just before using. C.P. 

Sucrose is used in preference to cornrercial sugar because it 

has been shown that the latter often citains growth sub- 

stances interfering with our tests. A purely synthetic 

medium is desirable and since it was impossible to use pure 

panthothenic acid, i-alanine was used. By supplying the 

yeast with an excess of ¡-alanine from which they can 

synthesize pantothenic acid, one obtains practically the 

same results as when the latter is used. Dr. Samuel Lepkov- 

sky generously furnished the vitamin B6 (Crystalline Factor 

I). 

Biotic Acid Standard. A dry autolyzed-liver extract 

was selected to serve as a stable primary standard. It was 

prepared from a fuller's earth treated extract obtained 

using the procedure (Steps 1 and 2) given in detail in the 

* The sucrose, l-aspartic acid, inositol, and vitamin B 

used are isolated from natural products and are, of course, 

not strictly synthetic. 
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next section. The extract was dried by concentrating on 

the steam bath to a thick syrup, beating air into the gunrniy 

material, and dessicating the resulting foamy mixture. This 

standard has been assigned a potency of "i", i.e. one gram 

contains one gram unit of activity. Our concentrates are 

compared to this standard at low dosage levels (200 micro- 

grams or less). 

Testing Procedure. The method of testing for biotic 

acid is very similar to the procedure employed in this lab- 

oratory with pantothenic acid (30). The points for the 

standard curve are obtained from samples containing 400, 

200, 100, 50, 25 and 12.5 gamma (microgram) units of the 

standard extract or of a concentrate of known potency. 

When the galvonometer readings of these samples are plotted 

against the units present, we obtain a very 
characteristic 

curve which flattens out rather sharply in 
the higher doses. 

A representative curve having duplicate 
points is shown on 

the accompanying graph. Curves of this type are consistent- 

ly obtained. From comparison with the standard curve it is 

possible to get a quantitative measure of the biotic acid 

content of the materials tested. Duplicates will usually 

check within ± 5 gamma units. 

Two minor modifications have been made in the pro- 

cedure as described for pantothenic acid (30)--the seeding 

(F.B. yeast) has been cut to approximately 0.02 mg.per]2 cc 

culture, and the tests are usually ncubate1 only 14 to 15 hours. 
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III 

PREPARATION OF A BIOTIC 
ACID CONCENTRATE 

In the concentration of panothenic acid, this lab- 

oratory gained experience in the handling and processing of 

autolyzed liver. Since autolyzed-liver extracts are also 

rich in biotic acid activity, it was decided to prepare 

crude concentrates from liver for the preliminary investi- 

gations of the chemical and physiological properties of 

this acid. 

Since we are working with a very hydrophilic acid, we 

are faced with the same type of difficulties that confronted 

the workers who isolated pantothenic acid (32) . Moreover, 

it has been very disappointing to find that no use can be 

made of two processes employed in concentrating panothenic 

acid--(l) adsorption and elution from norite and (2) the 

fractionation of the brucine salts by distribution between 

chloroform and water. Attempts to adsorb biotic acid have 

not been successrul, and the brucine salt of biotic acid 

(if f armed) is too insoluble in chloroform. 

It is possible, though, to effect some concentration 

by extracting the biotic acid from an acidified liver 

extract with amy? alcohol. Below are listed the steps 

employed in preparing the concentrates which were used in 

most of the work described in the following sections. A 
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detailed suimnary of each of these steps is given: 

1. Autolysis of the liver -- Autolysis is an essential 

step since unautolyzed liver has been found to yield only 

ten per cent of the biotic acid activity contained by auto- 

lyzed liver. Ground beef liver is mixed with twice its 

weight of water and one-tenth its weight of benzene and 

allowed to autolyze at for about 24 hours. The mixture 

is next heated in an Arnold sterilizer for several hours to 

remove the benzene and to coagulate protein material. Fil- 

tering gives a clear orange colored solution with a green- 

ish fluorescence. The solids in this extract total about 

eight to ten per cent of the weight of the moist liver and 

have a potency of about 1. This places the potency of the 

original liver in the neighborhood of 0.1. 

2. Fuller's earth treat:nent -- In order to remove or- 

genie bases, especially the physiologically active vitamin 

B6, the extract is thoroughly stirred with about five per- 

cent its weight of fuller's earth (B-K-H, Technical) for 

one-half an hour and. filtered. If this filtrate Is tested 

in a medium containing pantothenic acid and thiainin but 
no 

vitnin B6 it appears that 60% to 80% of the growth 

promoting activity has been lost in this step. However, 

with vitamin B6 or an eluate present in the mediwn, no 

*The eluate can be readily obtained by shaking the moist 

fuller's earth from the adsorption with 10 times its 
weight 

of pyridine. The suspension is centrifuged, the clear sol- 

ution decanted, and the crude eluate obtained by evaporat- 

ing this solution to dryness. 
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appreciable loss of activity is shown. This demonstrates 

that our crude eluate factor can be replaced by vitamin 

B6. 

3. Norite treatment -- The filtrate from the previous 

step is shaken at its natural pH (about 5) with one per 

cent of its weight of norite (Eastman's Technical) for one 

half an hour. The norite is filtered off, and the almost 

colorless filtrate evaporated on the steam bath to one- 

tenth its volume. By warning a stream of air from the corn- 

pressed air jet and directing it onto the surface of the 

liquid, the evaporation takes place quite rapidly. The 

norite removes about ten per cent of the solids, most of 

the color, and probably several compounds such 

thenic acid, riboflavin, biotin, etc., which might possibly 

interfere in the physiological studies to be made on the 

concentrate. Not more than ten per cent of the activity 

should be lost by this norite treatment. 

4. Amyl alcohol extraction -- The concentrated solution 

is carefully adjusted to a pli of 7 with Ba(OH)2 and the pre- 

cipitates formed centrifuged out and discarded. The clear 

solution is thoroughly extracted with water-saturated arnyl 

alcohol (five to six extractions with two volumes of the 

alcohol each time). No biotic acid is extracted from the 

neutral solution. The water layer is next acidified to a 

pH of 5 with H2304, and the precipitated BaSO4 removed by 



centrifuging. A similar extraction with more alcohol at 

this slightly acidic pH removes some '70% of the activity. 

This activity is completely recovered from the arrìyl alcohol 

by extracting the combined alcohol portions three times, 

using one-half their volume of water each extraction. 

Sufficient Ba(OH)2 is added to the extractions to keep the 

water layer just alkaline to phenolphthalein. The combined 

water layers are neutralized with H2SO4 and concentrated 

to a small voltime. The BaSO4, and the solids separated 

during the evaporation, are removed. Using this procedure 

it has been possible to obtain a concentrate having a 

"potencyt' of 20., i.e. a preparation whose solids contain, 

weight for weight, twenty times as much biotic acid 
as the 

standard extract. By narrowing the pH ranges and by the 

use of continuous extractions, it is probable that a much 

better fractionation of the extract can be developed and 

material of considerable higher 
potency obtained. 
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Iv 

STUDIES ON THE PHYSIOLOGICAL 
PROPERTIES OF BIOTIC ACID 

Most of our work on the physiological nature of biotic 

acid has been studying its effect as a stimulant for yeast 

growth and determining its relation to other physiological- 

ly important compounds. Accounts of these studies are 

given. 

Stimulation of yeast rowth. In order to :ive some 

idea of the actual amount of growth stimulation produced by 

the addition of varying amounts of biotic acid, the points 

from the curve on page 9 have been calculated in terms of 

total crop of moist yeast. This test was incubated 15 hours 

and the usual seeding of 0.02 mgs. of moist yeast per 12 ml. 

culture was used. A preparation having a potency of twenty 

was used in this particular test, so the actual amount of 

concentrate added has also been tabulated. 

Table No. 1 

Growth Stimulation Produced by 
Biotic Acid in Basal edium 

Y-units per Actual solids 
culture per culture 

O. 0.0 
12.5 0.625 
25 1.25 
50 2.5 

100 5.0 
200 10.0 
400 20.0 

Galvanomet er 
Deflections 

2.79 2.84 
2.28 23.20 
22.86 22.74 
21.78 21.53 
19.41 19.33 
16.22 16.34 
15.80 15.73 

Total crop 
of yeast 

0.61 mg 0.62 mg 
0.87 0.84 
1.14 1.06 
1.80 1.67 
.02 3.00 

5.28 5.38 
5.81 5.72 
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It is to be noted that our crude preparation gives a 

very definite stimulation even at a concentration as low 

as O.05Y per ml. This is five parts of concentrate in 

100,000,000 parts of medimii. 

Relation of biotic acid to pantothenic acid, thianin, 

and vitamin 136. In the early studies on the eluate and 

filtrate principles, it was observed that the presence or 

absence of thiainin in the test medium accounted for some 

peculiar results which had been obtained. When thiamin 

was not included in the medium, the filtrate fraction 

alone was quite effective in giving growth stimulation; 

but with thiamin present, the filtrate principle failed to 

give the marked increase in growth. However, this thiamin 

inhibition could be completely counteracted by adding the 

crude eluate factor along with the filtrate fraction. 

A recent test using crystalline vitamin B6 and a bi- 

otic acid concentrate showed that this interesting re1atii- 
ship is still observed with these purer materials. In this 

test each of the four factors--pantothenic acid, thiamin, 

vitamin 6' and biotic acid--was tested alone, and in coin- 

bination with the others; also, two yeas1were used, ttF.B.t 

end "G.M .:' the latter being the yeast used in other studies 

carried on in this laboratory. It was not practical to vary 

the concentrtions of the factors, so "excess" concentra- 

tions were used, i.e. concentrations high enough so that 

additional amounts would have had very little effect. 
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The biotic acid preparation was treated for two hours 

with acidic-alcohol at 370 to destroy any pantothenic acid 

which might have been present. The biotic acid activity is 

not destroyed by such treatment (see page 27). 

The results are given in Table No. 2. It was rather 

surprising that both yeasts responded in the same manner 

throughout the test. 

The following statements concerning the effect of 

each factor are evident froiri these data: 

1. Pantothenic acid is absolutely essential if we are 

to obtain growth better than the blanks. Vithout it, the 

other three factors, alone or in combination, are in- 

effective or toxic. 

2. Biotic acid markedly supplements pantothenic acid; 

thiamin inhibits this supplementary effect, while vitamin 

B6 enhances it. Vitamin B6 will completely counteract the 

inhibitory action of the thiamin. 

. Thismiri supplements pantothenic acid, but suppresses 

the effect of the pantothenic-biotic combination. 

4. Vitamin acts just the opposite, inhibiting the 

pantothenic activity but markedly supplementing the effect 

of the two acids. 

It is to be remembered that the medium used contained 

aspartic acid and inosto1. Then more complete studies are 

made, it will be interesting to see if these same general 

effects are still observed in the absence of either or both 



Table No. 2 Effect of pantothenic acid, thiamin, vitamin B, and biotic acid on yeast growth 

Seeding: 0.02 mg. per culture }A O.4rpantothenio acid concentrate (5O2 pure) 

incubation period: 15 hours B1 O.5Y thiamin 

Mediuni used: Part 'A only of O.5Y crystalline vitamin B 

medium on pape 7 BA.=1O. Y biotic acid concentrate--potency of 20 

Supplement F. B. yeast G. M. yeast 

added Total crop Increase Total crop Increase Renmrks 

None 0.32 mgs. 16 fold 0.12 mgs. 6 fold 

B9 0.31 l5 0.15 7 

B 0.35 17 0.13 

BA 0.28 14 0.11 5 No appreciable grow±h stimulation 

B,+B 0.31 l5- 0.12 6 in absence of pantothenic acid 

B,sBA 0.24 12 0.13 61 
BBA 0.25 121 0.12 6 

B1+B+BA 0.20 IO 0.07 

PA 0.88 44 0.75 37 

PAs-B, 1.25 62* o.o 45 Bf supplemented PA growth 40 and 20% 

PA.-B 0.86 43 0.64 32 B inhibited PI growth 2% and 15% 

PA'BA 2.95 l47- 1.96 98 BA supplemented PA grovrth 235% and 160% 

B inhibited PA.B1 growth 49% and 43% 

PA+BtB 0.64 32 0.51 25 B1 inhibited PAtB growth 25% and 20% 

B1..-B inhibited PA growth 28% and 32% 

BA supplemented PAtB. growth 30% ard 70% 

PA+Ba*BA 1.63 81 1.54 77 B1 inhibited PAtBA growth 45% and 16% 

BA+B supplemented PA growth 85% and 105% 

BA supplemented PA*B growth 380% and 290% 

PA+B+ BA 4.11 2051 2.49 1241 B4 su plemented PABA growth 40% and 27% 

BAsB supplemented PA growth 365% and 230% 

B supplemented PAI-B44BA growth 25% and 30% 

PAsB14-B+BA 5.13 256- 5.28 264 B4 supplemented PM-B,4-BA growth 210% und 240% 

BA supplemented BAJ-B1+B growth 700% and 935% 



these compounds. 

A preliminary study has indiceted that a very aif- 

ferent relationship between these factors will be found 

when they are used in respiration studies. 

Relation to other compounds. Several tests lave been 

run to see if any other of the known phsioloically im- 

portant compounds could in any way replace or supplement 

biotic acid. A list of the compounds tried is given: 

Ascorbic acid 
Pyruvic acid. 

ß-indole acetic acid 
Pimellic acid 
Nicotinic acid. 
Riboflavin 
Ur a e il 
Ethanolamine 
Glycine 
Alanine 
Serine 
Tbxeonine 
Valine 
L euc i n e 
Isoleuc me 
G lut athi one 

Cysteine 
C y s t in e 
11 ethi onine 
Glutamic acid. 

Hi stidine 
Ar gi nine 
Ly s in e 
Phenylalanine 
Tyrosine 
Proline 
Tryptophane 
Asparagine 
Taurine 
Isoserine 
jg-amino butyric acid 

None of these compounds showed any striking activity either 

alone or in supplementing biotic acid.. A casein hyaroly- 

sate gave very little stimulation, indicating that 9- 

hydroxy glutamic acid is likewise ineffective. 

A crude biotin preparation was prepared by refli.udng 

an egg yolk extract for one hour in acid-alcohol (4% 11Cl 

in methanol). This "esterified" extract showed marked activ- 

ity when tested on F.B. yeast under the conditions used by 

Kgl but failed to stimulate growth when used in a biotic 



acid test. 

Relation to concen 

of workers are studying 

have designated "factor 

factor for C. butylicwri 

Bioses III to VII (20), 

trates 

water 

2" (l 

(19), 

etc. 
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of other workers. A number 

soluble factors, which they 

3), "filtrate factor" (5), 

"Sporogenes factor" (10), 

None of these have been 

very well characterized--at least not in print. Often 

adsorption on charcoal is given as one of the character- 

izing propertIes of such physiologically active factors. 

Due to the variations in charcoals and to the differences 

in the crude materials used as sources for the factors, 

adsorption can not serve as a criterion. For example, 

the biotic acid activity of an extract from liver which 

had autolyzed only sixteen hours was appreciably adsorbed 

by norite--the activity of twenty-four hour 
autolysis 

extracts fails to be adsorbed. 

It will be impossible to make any statement regarding 

the relation of our active principle to the factors 
of 

other workers until more information concerning 
them is 

available. 
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V 

THE CHEMICAL NATURE 
OF BIOTIC .ACID 

It has been possible to gain considerable insight 

on the chemical nature of bioti c acid even though we 

have had only very crude preparations to work with. (As- 

sl2ming pure biotic acid to be physiologically active at 

about the same concentTations as are thiamin, pantothenic 

acid, and vitamin B5, 012T concentrate of potency twenty 

is only about 0.1% biotic acid. ) Nevertheless, the 

following information concerning the chemistry of biotic 

acid has been obtained. 

Heat Stability. In our work with extracts, we 

have never observed heat treatment to cause noticeable 

decreases in biotic acid activity. Tests have been run 

on our most potent concentrate showing that autoclaving 

the praration at 120° under two atmospheres' pressure 

for four hours destroyed none of the activity. Heating 

dried extracts at 100° for two hours resulted in no loss 

of Dotency. Iesiilts se given in table No. 3. 

Stability in Acid and Alkaline Solutions. In our 

preliminary studies it was found possible to work with 

extracts in rather wide pli ranges without destroying the 

active principle. Aecent tests show biotic acid to be 

stable even when heated for one hour at 1000 in solutions 
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one nornl in KOH and arie normal in H2304. The results 

o± this test are also tabulated. 

Table No. 3 

STABILITY OP BIOTIC ACID TO 
HEAT, ACIDS, AND BASES 

Treatment Testing Units Percent 
Feceived Level ecovered ecovery 

Antoclaving 50 i-units 50 T-uxiits lOO 
four hours 100 96 96» 
at 120 200 200 lOO» 

iJry heating 
two hours loo 1-units 104 1-units 104;o 

at 100 200 192 96 

Heating in 50 t-units 52 (-units 1O4 
one N acid 100 96 96 

one hour 200 200 100» 

Heating in 50 1-units 50 T-units 1OQ 
one N base 100 92 92 
one hour 200 200 100% 

This stability in acidic and basis solutions viould 

indicate the absence of any amide, ester, or acetal 

linkages within the Matie acid molecule. 

Molecular Weight. The failure o± Matie acid to 

be apreciab1y adsorbed on noi'ite under any conditions 

tried (after comDiete sutolysis of the liver) indicated 

that vro were dealing with a very hydrophilic compound 

having a comparatively low molecular weight. In order 

to obtain an approxinte value for the molecular weight, 
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the rate of diffusion of the active principle was 

determined using the method pviously employed in this 

laboratory with pantothenic acid (32), The diffusion 

experiments were rwi on a fuller! s earth filtrate using 

double rotating cells (21) having O.1N Ol solutions 

in both the "insidetT and "outside" cells. The relative 

concentration of the activity in each cell was deter- 

mined after the extract had been allowed to diffuse for 

20 hours from the "inside" cell into the "outside" cell 

at 25°. The first trial was quite irregular; the 

second rim gave values of 0.78 x lO and 0.86 x 1O 

cm.2 per second, which would place the molecular weight 

of The active principle near 150. It is hoped that 

iter ial of considerable higher potency will soon be 

available which v11 permit more accurate diffusion 

determinations than were obtained using the crude extract. 

Behavior in actional Electrical Transport. The 

first attack on the chemical nature of the active principle 

was a study of the behavior of the activity of a fuller's 
earth filtrate in a fractional electrical transport 

apparatus (27). four cell unit was usually used. 

Several runs were imide, and the results agreed quite 

closely. )ata from two typical electrolysis experiments 

Is given in the following table. 



Table No. 4 

RESULTh OF TO TYPICAL 
ILECTROLYSIS EXPERILiENTS 

No. i 
Amount of extract 23 mg. in Celi I 

electrolyzed 23 mg. in Cell IV 

Time eiectroiyzed 15 hours 

23 - 24 

No. 2 

22 mg. in Cell II 
22 mg. in Coil III 

24 hours 

Cell I 2.1 Cell I 3.0 
pH of cells after Cell II 3.0 Celi II 3.7 

electrolysis Cell III 4.5 Cell III 4.2 
Cell IV 9.7 Cell IV 9.6 

I toxic 4% 
Percent of II 20% 34 
original III 4% 0, 
activity IV 18% 
present in IiII lo% 40% 
the cells 1111 toXic 
an d i n t h e I '- IV 2 2% 4% 
combined IIflI 36% 51% 

31% fractions 
from the 

II..-IV 

IV 
38; 
23% 0% cells 

all four 45% 40% 

Prom the eiectroiyses, two imDortant observations were 

made: 

1. The active principle migrates toward the acid 

cells, whose final acidity was alwy ioro than 

a pli of 4. 

2. Over half of the activity was destroyed at the 

anode during electrolysis. 
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The migration toward the acid cells sho:ed that 

we were dealing with a distinctly acidic substance. The 

acidic nature o± biotic acid has been further demon- 

strated in the amyl alcohol extractions since the 

activity distributes itself between the solvents in the 

acidic extractions but appears entirely in the water 

laier in neutral or basic extractions. 

Since it was knovi that the active principle was 

not destroyed by acidic or alkaline solutions, a plausible 

explanation for the destruction of the activity during 

electrolysis was that the active acid had migrated to 

the anode cell and had there been anodically oxidized. 

It was therefore decided to find if oxidizing agents 

inactivated the extracts. 

Reaction to Oxidation. Hydrogen peroxide was 

selected as an oxidizing agent since it could be very 

easily removed by evaporation from the treated material. 

It was found that the activity of crude extracts was 

largely destroyed when they were heated on the steam 

bath in a 3 solution of 11202. Later, when more cori- 

oentrated prerations had been obtained, ehling's 

solution and ammoniacal silver nitrate were tried. The 

procedures followed and the results obtained with a 

concentrate having a potency of twenty are summarized. 
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}iyd-rogen peroxide -- 15 mgs. of the concentrate 

was dissolved in 10 ml. of H202, the solution 
was evaporated to dryness on the steam bath, and 

the residue taken up in water aìd diluted for testing. 
Ammoniacal Silver iitrate -- The reagent was pre- 

pared by addin to a 2% AgNO3 solution eiough of 

6 Noril 111140H to just re dissolve the precipitate 
first formed. One ml. of this iagent wa added to 

a one ml. solution containing 15 mgs. of the con- 

centrate, and. the mixture was heated at 700 for 

ten minutes. he silver was then removed. from the 

solution with HOi, and the sample diluted. for 

testing. A control was run in the same manner 

except that the concentrate was not added to the 

reagent until it had been diluted.. 

ehling's solution -- another 15 mg. sample was 

heated for ten minutes at 100° with 1cc. of fehling's 
solution. H2S was used to remove the copper ion, 

and the excess was boiled out of the treated 

solution. A control for the reagents was also run 

in a manner similar to that used with the silver 
n i t ra t e. 

The results of the oxidation tests are tabulated below. 

The test was repeated aid similar results were obtained. 



Table No. 5 

OXIDATION TESTS ON BIOTIC ACID 

Reagent Testing Activity 
used Level Recovered 

50 Y-units 12y 

H?02 lOO 14% 
200 l4 
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Activity 
of Controls 

50 r-units 84 1OQL 
Ammoniacal 100 88 100% 

AgNO3 200 76% 86 

50 r-units 84% 92% 
$ehling' s 100 92% 98 
solution 200 73go 81% 

The recovery of the activity in the samples treated 

with the eh1ing's solution rnd the ammoniacal silver 

nitrate strongly indicates that biotic acid does not 

contain an aldehyde or hydroxy-ketone group. llore complete 

studies on the selective oxidation o± biotic acid will be 

necessary before any explanation can be offered as to the 

nature of the oxidation which takes place with peroxide 

or electrolytically at the anode. 

Esterification -- Two esters of biotic acid have 

been prepared and studied--the methyl eater and the benzyl 

ester. 

The methyl ester is easily prepared by taking a dry 

extract up in acid-alcohol (4 1101 in methanol) and 



letting the solution stand at 30Ö ±'or two hours. fter 

removing the alcohol nd acid in vacuini, we have a product 

which is almost as active physiologically as the original 

extract. however, it is not bard to demonstrate that we 

have a new compound. hen a sample ofa crude extract 

which had been eated in the described manner was placed. 

in the electrical transport, it was found that the activity 

no longer migrated toward the anode. The activity from 

the material placed in the acid cells was entirely des- 

troyed as before, but the basic cells retained their 

oriinal potency, indicating that the active principle was 

no longer acidic. 

.:1urther proof that sorne esterification had taken 

place was obtained when the untreated id the esterified" 

concentrates were extracted with ether, for the activê 

portion of the treted preparationvs found to be more 

ether soluble than that of the unesterified extract. 

The behavior of the methyl ester in extractions has been 

somewhat irregular end further studies will be necessary. 

The methyl ester apoears to be much less stable than 

the acid. Attempts to hydrolyze it in alkaline solution 

(pli 10-li with 12CO3) have invarably led to complete 

destruction of all activity. 

The benzyl ester of biotic acid has been prepared. 

by refiuxing crude extracts with benzyl chloride in a 40» 



ethanol solution for one hour. nouh CaCO3 was used 

with the mixture to neutralize the acid formed, snd 

the excess benzyl chloride ws removed by steam dis- 

tillation. :lhe products obtained usually had from fifty 

to sixty percent of the original activity. ll the work 

on the henzylation of biotic acid has been on unconcen- 

trated extracts, and appreciable toxic material has always 

been formed, which has made it vei difficult to inter- 

pret results obtained. However, one fact has been 

consistently shown in the tests--the benzyl ester of 

biotic acid possesses basic properties. The results of 

a test showing this quite clearly will be given. 

n extract was treated using the Drocedure just 

described and ras found to have just 5O o± its original 

activity. liouots of this 'Tbonzylatod" material were 

extracted \vith 20 volumes of ether from acidic, neutral, 

and basic solutions. ï1hc results of the extractions 

are tabulated. The effect of the toxic material can be 

noted. 

Table No. 6 

ETHER EXTRCTI0N OP BENZTh ESTER 

Percent of activity 
pH of esterified material 

recovered from ether 

2.3 very toxic 
6.0 slightly ,toxic 
10.8 46o 

Percent of activity 
of esterified material 
remaining in water 

152% 

5 % 
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This indication of the esence of a basic group 

suggested a test ith nitrous acid to determine, if 

possible, what type of a nitrogen structure was res- 

ponsible for the basic properties of the benzyl ester. 

Destruction ITitrous cid, Preliminary tests 

showed the activity of biotic acid concentrates to be 

85 destroyed vien treated at room temperature with 

sodium nitrite sud glacial acetic acid using concen- 

trations approximating those used in Van Slyke determina- 

tions for amino nitrogen. The reaction was stopped at 

the end of five minutes by diluting the recting 

solutions up to the volume used for the test samples. 

Destruction by this mild treatment classified the basic 

group as a primary amine. To further classify the 

reacting group, a test was run to obtain values for the 

rate of reaction of biotic acid with nitrous acid. This 

test was carried out at 3°; aliquots of the reacting 

mixture C 1.5 ml. glacial acetic acid, 7.5 ml. of a 3O 

NaNO3 solution, and i ml. of biotic acid concentrate 

containing 150 mgs. ) were removed at definite time inter- 

vals and immedte1y diluted. The results obtained were 

compared to the values found by Dunn and Schmidt ( 1 ) 

for the rate of reaction o± the amino group in acids 



31 

containing (3 ,?' , cf, and amino groups. 

The volues which we obtained for biotic acid are 
given below. Since aaproximately 6 o± the activity 
was not destroyed by the nitrouz acid, values are also 

tabulated for the percent destruction of the activity 
(the 94)) which can be destroyed. 

ab1e No. 7 

DESTRUCTION OP BIOTIC àCID 
BY NITROUS AO 

Rectìon Percent Percent destruction 
Time Destruction of "Destro le" activity 

9 O 0% 
- min. 42% 45 
i 75> 80 
2 88% 94% 
4 94% lO 

10 94% ioq0 
30 94% 100% 

The valuo obtained by Dunn and Schmidt (1) for the 

percert amino nitrogen liberated at 23° are reproduced 

here so that a comparison can be nade: 

Time 1anine ß-alanine 
)_ min. 55% 57% 
3 min. 99 9QC 

5 min. 10Oa 97% 
'7 min. 100% 
g min. 

10 min. 

'-amino n- 
valerie acid 

20% 
58% 
78% 

cl 9 Sjo 
100% 

Prom a compsrison o± our values for biotic acid and the 

data given for the amino acids, we have concluded that 
biotic acid contains anc-amino group. 
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Hydrogenation of Biotic Acid. Hydrognation 

with a catalyst destroys three-fourths the activity of 

our preparation. 15 mgs. of the concentrate was 

taken up in glacial acid acid and shaken one hour with 

7j- mgs. of activated platinum catalyst, in four 

atmospheres of hydrogen. The test was later repeated 

using twice the amount of catalyst. The results of 

'both tests are shown: 

Testing Level 
in T-units 

50 
100 
200 

Table No. 8 

HYDROGENATION OP BIOTIC ACID 

Test I 

Activity recovered 

24% 
26% 
2 7 

Test II 
hCt1V1t recovered 

2 5 

2 5» 

2 » 

From this experiment, it vrould appear that biotic acid 

contains a reducible group. A plausible explanation for 

the recovery of 25, of the activity in every case is that 

a reduction product is formed i.ich the yeast can utilize 

but which is only one-fourth as potent as the original 

acid. 

An olefin linkage in the molecule could have accounted 

for the destruction on reduction. however, bromination of 
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the extract did not appreciably effect the activity. 

15 mgs. of the extract was taken up in i ml. of glacial 

acetic acid and 0.1 ml, lioujd bromine added; the mixture 

was allowed to stand at room temperature one hour, and 

the solvent and bromine removed in vacuum. 3 mce 90 o± 

the activity was recovered, it is very improbable that 

there could be any unsatu1'aion in the biotic acid 

molecule which would account for the results obtained 

in the hydrogenation experiment. 

urther study will be necessary before we can offer 

any explanation for the reduction which aarently takes 

place. 
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VI 

SUL1âRY 

summary of the material presented in this thesis 

follows: 

:i. brief account bas been given of the work 

which led to the finding of a yeast nutrilite in auto- 

lyzed liver extracts. Since the active principle is an 

acid, and since it serves as a bios for our yeast, the 

nElme "biotic acid" has heen chosen for the factor. 

2. :. ethod has 'oeen described for quantitatively 

determining the biotic acid present in impure concen- 

trates ing yeast growth tests. 

3. procedure has been outlined by which a 

concentrate of biotic acid was prepared in which 95 

0±' the inactive mate-rial present in the original auto- 

lyzed yeast extract was removed. 

4. Results are given which show that biotic acid 

is very closely tied up in yeast physiology with three 

members of the vitamin B complex--pantothenic acid, 

thiarnin, and crystalline vitamin 3. It was shown that 

five parts of' the concentrate in one hundred million 

parts of medimn containing the three vitamins increased 

the growth of yeast noticeably (about while higher 

concentrations gave a yield nine times that obtained by 

the use of the three supplements alone. 
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Chemical studies are reported viich show biotic 

acid to be a very hydrophilic compound, stable to 

heat arid to acid and alkaline treatment, and possessing 

a conrnaratively low molecular weight (about 150). It 
was found to be distinctly acid, and physiologically 

active esters have been prepared. The compound is 
oxidizàd anodically and by 3 hydrogen peroxide, but 

it does not react v;ith 1ehlings solution nor with 

ammoniacal silver nitrate. Catalytic reduction with 

hydrogen destroys three fourths the activity, ut 

the compound was shown to contain no double bonds. 

Results have been riven sowin the presence of a 

primary (and probably anv) amino group. 
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