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Many lactobacilli fail to grow in a semisyn-
thetic medium devoid of acetate, but adequate
with respect to well recognized growth factors
(Guirard et al., 1946). Under these conditions,
lipoic acid is a growth factor for a number of
species (Reed et al., 1951). The extent to which
lipoic acid substitutes for acetate in the nutri-
tion of a wide variety of species has not been
critically examined. During the course of studies
on a "vitamin B1s" concentrate, this material
was subjected to countercurrent distribution. In
a basal medium devoid of acetate, it was ob-
served that the content of certain plates from
the distribution was highly active in promoting
growth of LactobaciUlus acidophilus strain ATCC
4963. This activity had been distinctly separated
by the distribution from lipoic acid which was
also present in the concentrate.

This paper deals with microbiological and
chemical studies of an acetate-replacing factor.
The significance of this factor is not restricted to
an acetate-replacing substance for L. acidophilus
strain 4963, since our new observations prove
that it promotes the growth of a number of other
species, including Lactobacillus bifidus (Toma-
reli et al., 1949), Lactobacillu bulgaricu strain
09 (ATCC 10812), L. bulgaricus (ATCC 7993 and
799), and Thermobacterium acidophilus strain
R26 (ATCC 11506).

MATERIALS AND METHODS

Lactobacillus acidophilus strain 4963 was chosen
as the organism for assay of the factor since its
dose-response curve is more nearly linear. Stock
cultures were maintained at 5 C in skim milk
medium supplemented with 1 per cent tryptose
(Difco). Cultures were transferred every 6 weeks
to duplicate tubes, one serving as the new stock,
the other being used for weekly transfer. Inocula
for daily use were prepared from the latter cul-

1 A part of this material was presented at the
Southwest Regional Meeting of the American
Chemical Society, in Houston, Texas, 1955.

ture once a week with daily subculture in the milk
medium during the interim. All cultures were
grown for 24 hr at 37 C. The inoculum was pre-
pared by suspending 0.1 ml of a 24 hr culture in
15 ml of sterile physiological saline followed by a
dilution of 0.5 ml to 15 ml of saline. One drop of
the second saline suspension was used to inocu-
late each asay tube.
The assay medium is shown in table 1. Lipoic

acid was incorporated in the medium although
L. acidophilus did not demonstrate a need for it
in the presence of either acetate or the new
factor. When L. bifidus or T. acidophilus was

TABLE 1
Basal medium for the microbiological determination

of the factor with Lactobacillus acidophilus
strain 4963

Lwedient ~~~Per Liter DoubleIngredient Strength Medium

Acid-hydrolyzed, norit-treated,
vitamin-free casein (Skeggs et
al., 1950) ....................... 10 g

Trypsin-digested, norit-treated,
vitamin-free casein (Skeggs et
al., 1948) ....................... 5 g

DL-Tryptophan.................... 0.4 g
L-Cystine......................... 0.2 g
DL-a-Alanine...................... 1 g
Glucose.......................... 40 g
Adenine, guanine, xanthine, uracil. 10 mg each
Thymine, orotic acid.............. 40mg each
Salts A (Snell and Wright, 1941).. 20 ml
Salts B (Snell and Wright, 1941).. 10 ml
"Tween 80"........................ 2 ml
Thiamine, pantothenic acid, ribo-

flavin, nicotinic acid............ 200 pg each
Folic acid, pyridoxal, p-amino-
benzoic acid .................... 1 mg each

Pyridoxine........................ 400 jug
Biotin .......................... 10 pug
Vitamin B,2, lipoic acid ........... 20 pg each
Final pH ......................... 6.5-6.6
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used as the assay organism, deoxyribonucleic
acid (DNA) or a deoxyribose-containing deriva-
tive was added to the medium. The assay me-
dium was adequate for growth of the L. bulgaricus
cultures when supplemented with pantetheine
and the pH adjusted to 5.8. An arbitrarily se-
lected distillers' solubles fraction served as a
standard in the microbiological assays. One mg
of this concentrate was referred to as one unit of
the factor. Aliquots of a suitable dilution of
natural materials or concentrate were asayed
without prior treatment.
Common techniques of microbiological assay

in test tubes were employed. Volumes of 10 ml
of medium were routinely used. Assay tubes were
sterilized at 120 C for 12 to 15 min. The incuba-
tion period was 24 hr at 37 C. The extent of
bacterial growth was determined turbidimetric-
ally with a Mlett-Summerson photoelectric
colorimeter.

Lipoic acid determinations were carried out
with Lactobacillus casei in an acetate-free basal
medium adequately supplemented with norit-
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treated, tryptic digest of vitamin-free casein as a
source of "strepogenin" (Sprince and Wooley,
1944).

RESULTS

The growth response of L. acidophilue strain
4963 to a number of materials is shown in figure
1. Curves A depict the growth responses to a
sample of distillers' solubles and to sodium ace-
tate. While sodium acetate is more active on an
equal weight basis, the activity of the concen-
trate is greater than can be accounted for on its
probable acetate content. Curves B show the
activity of a 200-fold concentrate before and
after 25 months of storage in 20 per cent ethanol
at 5 C. It is apparent that the factor in the rela-
tively crude state was quite stable at refrigera-
tion temperatures. A certain amount of variation
in the shape of the dose-response curve and the
span of growth was encountered in daily use of
the assay. However, results obtained in terms of
units per mg of material assayed were remark-
ably consistent. Occasional checking of results
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Figure 1. Response of Lactobacillus acidophilus strain 4963 to various substances
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TABLE 2
Assay data on various materials

Substance Units

Yeast extracts ...................... 3.0/g
(16)............................ 0.8-4.6/g

Malt sprouts........................ 0.4/g
Liver powder L..................... 1.2/g
Crude casein extract................ 1.5
Whey............................ 2.5
Trypticase soy peptone.............. 0.7
Dried whole liver................... 0.7
Distillers' solubles .................. 3.5
1 unit liver extract.................. 0.2/ml
150unit liver extract................. 0.2/ml
Wine............................... . 1/ml
Beer............................ 0.2/ml
Urine............................ 0.06/ml

The following materials contained less than
0.001 units/g: tryptone (Difco), tryptose (Difco),
peptone (Difco), liver powder S, liver powder
1-20, "cerophyl," wheat germ, hog gastric mucin,
dried stomach substance, soy peptone, N-Z-amine.

against all of the organisms responding to the
factor gave essentially the same results with each
organism. Carrying L. acidophilus strain 4963 for
too long a period in skim milk reduced its re-
sponse to the factor. Attempts to standardize
the inoculum by subculture in basal medium sup-
plemented with the factor met with little success
in reducing the variations encountered. Strict
adherence to a 24-hr incubation period also
appeared necessary. Considerable "drift" was
encountered in assays read at 18 hr. Incubation
for 40 hr resulted in an "all or none" effect-no
growth in the absence of the factor and nearly
complete growth in the presence of minimal
amounts. Incubation in excess of 40 hr resulted
in irregular growth responses due to gradual
synthesis either of the factor or of acetate.
The assay data obtained with various mate-

rials are summarized in table 2. Direct assay of
certain substances such as blood, eggs, meat was
not possible because of interference with turbi-
dimetric determinations by color or precipitates.
The residue obtained by ashing potent natural
materials was completely inactive.
Over 150 compounds of biological significance

were examined for microbiological activity with
L. acidophilus. No compound, other than acetate,
showed consistent activity. Since concentrates
are described in this paper with 2,000 times the

activity of distillers' solubles or 1,600 times the
activity of acetate, it is apparent that a factor
more active than acetate exists. Subsequent re-
sults provide evidence that the growth factor re-
quirement of L. acidophilus strain 4963 under
the experimental conditions described is not a
multiple one.
A summary of the properties of the factor is

presented in table 3. Some of these properties
may be influenced by the large amount of other
substances in the concentrates.
Of particular significance are experiments

demonstrating that the factor is not a combined
form of lipoic acid. The contents of each consecu-
tive 10 plates, from the 200-plate distribution of
the concentrate from Hiram Walker & Sons,
Inc., were combined and subjected to microbio-
logical assay for the factor and for lipoic acid,
both before and after hydrolysis with 1 N H2S04
at 120 C for 1 hr. As would be expected from the
known occurrence of lipoic acid in a multiplicity
of forms, activity as determined by L. casei was
encountered in a number of regions of the dis-
tribution. No increase in activity of any fraction
was observed after acid hydrolysis. It may be
concluded that no microbiologically unavailable
conjugates of lipoic acid that can be cleaved by
acid hydrolysis existed in the material examined.
The results of a few fractionation experiments

are in order to provide evidence that the factor

TABLE 3
Chemical properties of the factor

Solubility-Soluble in water, methanol, ethanol.
Sparingly soluble in chloroform and butanol.
May be partitioned into chloroform by pro-
longed liquid-liquid extraction at acid pH.

Stability-Stable to 0.5 N alkali at 120 C for 1 hr.
Some destruction with 0.5 N acid at 120 C for
1 hr. Lability to acid increases with purification.

Adsorption Characteristics-Adsorbed on moder-
ate to large amounts of norit. Not adsorbed by
superfiltrol.

Ion-exchange Characteristics-Not retained by
strong cation exchange resins Dowex-50 (H+)
or Amberlite IR-120 (H+). Retained by strong
anion exchange resin (Dowex-1) in the OH-
but not the C1- form.

Electrophoretic behavior-Migrates on paper
curtain electrophoresis like a weak acid. Dis-
placement from vertical line from origin about
equal to that of lipoic acid run similarly as a
reference compound.
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behaved as an entity and was not the resultant
effect of a combination of compounds. A concen-
trate containing 41,600 units of activity was
poured onto a column of Dowex-1 (OH-) and
washed liberally with water. The column was
eluted with 0.05N formic acid. Activity began to
emerge with the first trace of acidity and was con-
tained in 4 fractions as follows: 14,800, 17,600,
7,400 and 1,800 units, respectively. Total re-
covery was 41,600 units, or 100 per cent of that
applied to the column. A concentrate containing
42,500 units of activity was poured onto a column
of Dowex-50 (H+) and washed with water. Frac-
tions were collected from the column and assayed
individually for the factor. Activity was en-
countered in 6 fractions as follows: 3,000, 10,600,
11,700, 8,000, 6,100 and 4,200 units respectively.
Total recovery was 43,600 units, or 103 per cent
of that applied to the column. A concentrate con-
taining 70,000 units of activity was subjected to a
30-plate countercurrent distribution between the
phases resulting from the equilibration of 3 parts
chloroform, 4 parts water, and 4 parts ethanol.
Activity was encountered in all plates with peak
activity in plate 14. Total activity observed in
the 30 plates each individually assayed was 69,200
units, or 99 per cent of the activity subjected to
countercurrent distribution. The quantitative
recoveries of activity obtained in the above three
separate fractionation procedures show that the
material being fractionated is a single compound.
Had the microbiological responses observed been
due to a combination of known or unknown com-
pounds, unaccountable losses in activity would
have been expected, especially from a procedure
with the resolving power of countercurrent
distribution.

DISCUSSION

Various studies have been reported which indi-
cate the presence of a growth factor(s) for chicks
and for rats in distillers' dried solubles, fish solu-
bles, liver, etc. A purified material was obtained
which was apparently active in rats at a level of
10 ,Ag. per day. This material showed an ultra-
violet absorption maximum at 2820 A; the factor
was tentatively called "vitamin B1i" (Novak,
Hauge, and Carrick, 1947; Hauge, 1948; Novak
and Hauge, 1948a, 1948b). At one time, it ap-
peared that Lactobacillus arabinosus would re-
spond to the factor in distillers' dried solubles
(Hauge, 1948). The low biological activity of

orotic acid compared to that of concentrates of
"vitamin B1s" and certain absorption spectra
were considered by Manna and Hauge (1953) to
indicate that orotic acid might be a decomposi-
tion product of "vitamin B13."
The chemical and physical properties described

for the concentrates of "vitamin B1s" do not
necessarily show that the best concentrate was
a substantially pure substance. If the active sub-
stance in the best concentrate were actually
present to the extent of only a few per cent or
less, then identification by these properties
becomes difficult.

Austin and Boruff (1949) investigated the
preparation and properties of concentrates of
"vitamin B13" from the distillers' dried grain
solubles of Hiram Walker and Sons, Inc. They
described a simplified purification procedure and
reported a growth response in chicks from their
concentrates. Drill (1954) reported that a
"vitamin B13" concentrate of unstated source
seemed to have a partial lipotropic activity in
rats which were fed a high fat diet. Samples of
concentrates from Hiram Walker and Sons, Inc.
were made available to others for nutritional
studies. For example, their concentrate was
found by Cunha et al. (1950) to benefit growth
for the pig during certain periods of development.
We also received samples of their concentrate
from distillers' dried solubles through the cour-
tesy of Dr. J. M. Van Lanen.
We subjected their concentrate to a 200-plate

countercurrent distribution between ether and
water with the objective of biologically examin-
ing the content of certain plates in various tests
with chicks, rats, and microorganisms. The dis-
tribution between ether and water turned out to
be a particularly fortunate choice, because it
distinctly separated lipoic acid from a new
acetate-replacing factor, the presence of which
was discovered by subsequent experiments on the
growth of LactobaciUlus acidophilus (ATCC 4963).

Since the original concentrates, designated
"vitamin B1,3," were of unknown purity and of
unknown lipoic acid content, and since the origi-
nal culture of Lactoallus arabinosus was not
available, one cannot relate this new acetate-
replacing factor to the original microbiological
studies. Ott et al. (unpublished data) have found
that, under their specific dietary conditions, no
significant growth-promoting effect in chicks was
observed with concentrates of "vitamin B13."
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Thus, it is not yet possible to compare in chicks
our acetate-replacing factor and "vitamin B13"
concentrates.

Present evidence indicates that our factor is
distinct from certain others which have been de-
scribed previously. Obvious differences in dis-
tribution (table 2) or properties (table 3) and in
some instances a negative test of the active com-

pound(s) or an appropriate concentrate (over 150
possible compounds and concentrates were ex-

amined) serve to differentiate the factor from
strepogenin (Sprince and Woolley, 1944), factor
3 (Schwarz, 1952), Lactobacillus bifidus factors
(Rose et al., 1954, Hendlin et al., 1955) the
Pilobolus factor (Hesseltine et al., 1952), the
Reiter treponeme factor (Oyama et al., 1953), the
lemon juice factor (van Wagtendonk and Conner,
1953), the Lactobacillus casei mutant factor
(Camien and Dunn, 1953), the ethanol utiliza-
tion factor (Rao and Stokes, 1953), the aspartic
acid deaminase factor (Williams and Christman,
1953), the Crithidia factor (Patterson et al., 1955),
and coenzyme P (Castelfranco et al., 1955).
A number of other factors stimulating the

growth of either microorganisms or higher ani-
mals2 have been described in the literature. Char-
acterization of these factors in general has been
very incomplete, and in some instances adequate
evidence has not been presented that the effect
observed is due to a single component of natural
material.

SUMMARY

Evidence is presented for the existence of a

new factor required in the absence of acetate for
the growth of a number of lactobacilli including
Lactobacillus acidophilus (ATCC 4963), L. bifidus
(Tomarelli), Lactobacillus bulgaricus strain 09
(ATCC 10812), L. bulgaricu (ATCC 799 and
7993), and Thermwbacterium acidophilus strain
R26 (ATCC 11506).
Commercial whey, fish solubles, distrlners' solu-

bles, and certain yeast extracts are relatively
rich sources of the factor.

Details of a microbiological method for the de-
termination of the factor are described and a pro-
cedure by which useful concentrates of the factor
may be obtained has been outlined.

2 For a review of unidentified growth factors
r chicks see Nutr. Revs. 14, 75-79 (1956).

REFERENCES
AUSTIN, F. L. AND BORUFF, C. S. 1949 Some ob-

servations on vitamin Bis in distillers' grain
solubles. Proc. Fourth Conf. on Feeds of the
Grain Distillers, 77-82.

CAMIEN, M. N. AND DUNN, M. S. 1953 A
D-lactic acid-requiring mutant of Lacto-
bacillus casei. J. Biol. Chem., 201, 621-628.

CASTELFRANCO, P., STUMPF, P. K., AND CONTO-
POULOU, R. 1955 Fat metabolism in higher
plants. V. A soluble palmitate oxidase re-
quiring glycolic acid as activator. J. Biol.
Chem., 214, 567-577.

CUNHA, T. J., EDWARDS, H. M., MEADOWS, G. B.,
BENSON, R. H., SEWELL, R. F., PEARSON,
A. M., AND GLASSCOCK, R. S. 1950 Effect
of Vitamin B18 supplementation on the pig.
Arch. Biochem., 28, 140-142.

DRILL, V. A. 1954 Lipotropic effects of vitamin
B12 and other factors. Ann. N. Y. Acad. Sci.,
67, 654-664.

GUIRARD, B. M., SNELL, E. E., AND WILMAMS,
R. J. 1946 The nutritional role of acetate
for lactic acid bacteria. I. The response of
substances related to acetate. Arch. Bio-
chem., 9, 361-379.

HAUGE, S. M. 1948 Unidentified growth factors
in distillers' dried solubles. Proc. Third
Conf. on Feeds of the Beverage Distilleries,
3-6.

HENDLIN, D., WILLIAMS, P. L., WALL, J., AND
WALTON, R. B. 1955 Nutrition of avian
Lactobacillu8 bifidus. Federation Proc., 14,
225.

HESSELTINE, C. W., PIDACKS, C., WHITEHILL,
A. R., BOHONOS, N., HUTCHINGS, B. L., AND
WILLIAMS, J. H. 1952 Coprogen, a new
growth factor for coprophilic fungi. J. Am.
Chem. Soc., 74, 1362.

MANNA, L. AND HAUGE, S. M. 1953 A possible
relationship of vitamin B1s to orotic acid. J.
Biol. Chem., 202, 91-96.

NovAx, A. F. AND HAUGE, S. M. 1948a Some
properties of an unidentified growth factor
in distillers' dried solubles. J. Biol. Chem.,
174, 235-239.

NovAx, A. F. AND HAUGE, S. M. 1948b Isola-
tion of the unidentified growth factor (vita-
min B,3) in distillers' dried solubles. J. Biol.
Chem., 174, 647-651.

NovAK, A. F., HAUGE, S. M., AND CARRICK, C. W.
1947 An unidentified growth factor in dis-
tillers' dried solubles essential for the chick.
Poultry Sci., 26, 604-609.

OYAMA, V. I., STEINMAN, H. G., AND EAGLE, H.
1953 The nutritional requirements of Tre-
ponemata. V. A detoxified lipide as the essen-

19561 523



54SKEGGS ET AL.

tial growth factor supplied by crystalline
serum albumin. J. Bacteriol., 65, 609-616.

PATTERSON, E. L., BROQUIST, H. P., ALBRECHT,
A. M., VON SALTZA, M. H., AND STOKSTAD,
E. L. R. 1955 A new pteridine in urine re-
quired for the growth of the protozoon
Crithidia fasciculata. J. Am. Chem. Soc.,
77, 3167-3168.

RAo, M. R. R. AND STOKES, J. L. 1953 Utiliza-
tion of ethanol by acetic acid bacteria. J.
Bacteriol., 66, 634-638.

REED, L. J., DEBUSu, B. G., GUNSALUS, I. C.,
AND HORNBERGER, C. S. 1951 Crystalline
a-lipoic acid: A catalytic agent associated
with pyruvate dehydrogenase. Science, 114,
93-94.

ROsBI, C. B., KUHN, R., LILLIKEN, F., AND
GYORGY, P. 1954 Bifidus factor. V. The
activity of a- and j3-methyl-N-acetyl-D-
glucosaminides. Arch. Biochem. and Bio-
phys., 49, 123-129.

ScHwAz, K. 1952 Casein and factor 3 in die-
tary necrotic liver degeneration; concentration
of factor 3 from casein. Proc. Soc. Exptl.
Biol. Med., 80, 319-323.

SEZKGGS, H. R., HUFF, J. W., WRIGHT, L. D., AND
BOSSHARDT, D. K. 1948 The use of Lacto-
bacillus leichmannii in the microbiological

assay of the "animal protein factor.'! J.
Biol. Chem., 176, 1459-1460.

SKEGGS, H. R., NEPPLE, H. M., VALENTIK, K. A.,
HUFF, J. W., AND WRGHT, L. D. 1950
Observations on the use of Lactobacillus
l.chmannii 4797 in the microbiological assay
of vitamin B 2. J. Biol. Chem., 184, 211-221.

SNELL, E. E. AND WRGHT, L. D. 1941 A micro-
biological method for the determination of
nicotinic acid. J. Biol. Chem., 189, 675-6.

SPRINCE, H. AND WOOLLEY, D. W. 1944 Rela-
tionship of a new growth factor required by
certain hemolytic streptococci to growth phe-
nomena in other bacteria. J. Exptl. Med.,
80, 213-217.

TOMARELLI, R. M., NoRRs, R. F., AND GYORGY,
P. 1949 Inability of vitamin Bn2 to replace
the deoxyriboside requiremeit of a Lacto-
bacillus bifidus. J. Biol. Chem., 179, 485-486.

VAN WAGTENDONK, W. J. AND CONNER, R. L.
1953 Steroid requirements for Paramecium
aurelia, var. 4, stock 51.7 (s) in axenic cul-
ture. Federation Proc., 12, 283.

WILLIAMS, V. R. AND CHRISTMAN, J. F. 1953
Evidence for the coenzymatic nature of a
synthetic cofactor involved in the biotin re-
lated deaminase systems. J. Bacteriol., 65,
238-244.

524 IvoL. 72


