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I. INTRODUCTION

Growth factors and microorgenisms have had an interesting
history of frultful interrelationships. Attention was
focused at first on specific growth substances required by
mierobes., This dates back to the period when synthetic media
were first sought for the culture of organisms. It was found
that successful growth could be obtalned only when small
amounts of naturally occurring msterials were added to the
media. These materisls were early recognized to provide
unknown but essential metabolites. Interesting relics of
this early phase remaln in the form of voluminous compilatlons
of media for culturing bacteria. Later when emphasis in
growth factors shifted because of thelr significance in
animal and human nutrition, microblology again became involved
by providing convenlent assay methods.

These developments served to emphasize the fact that
growth substances for one organism are also required by
others. By this token plant materials contain vitamins for
animals, microorgaﬁisms and other plants. Many organisms
themselves provide stimulating materials for other members of
the same group. In this manner the growth promoting effect
of large inocula in ayntheticAmedia can be explained since

the carry over of filtrate and autolyzed cells provide growth



factors for the succeeding generations.

Observations illustrating the interrelationships already
mentioned are numerous. One such case is the increased
alcohol yields obtained when mold amylase was used instead of
malt as the saeccharifying agent for grailn mashes subjected to
yeast fermentations. In all likelihocod such results were due
in part to growth factors present in the unfractionated mold
enzyme preparations. Por this reason it was considered
interesting to determine the vitamin content of mold bran
which was the source of the amylase. In order to distinguish
between the effects of the factors produced by the growth of
the mold on the substrate and that of the substrate itself,
wheat bran was used as a control,

Another 1hatance in which microbilology has played s
vital role in nutrition has been the work on animsl protein
feetor (APF). Plant proteins alone were found insufficient
to sustain normel chick growth. Materials of animal origin
such as fish meal and meat seraps were needed. Before long,
however, certaln fermentation products were found to supply
APF. VWlth this reaffirmstion of the Interdependence of
growth substances for different organisms it was thought
likely that a microbiological assay could be developed for
AFPP. A further useful application of sueh a method would be
to follow the fractionation of materials containing the active
agent. A major purpose of this investigation was, therefore,

to develop a microbiological assay procedure and to apply it



in following the fractionatlon of masterlals exhibiting AFPF-
activity.



II. REVIEW OF THE LITERATURE

As with so many other aspects of fermentation chemistry,
bacteriology or related subjects, the discussion of mierobial
growth factors properly starts with the work of Louis Pasteur
(1860). In the course of a comprehensive examination of the
alcoholic fermentation Pasteur described the first attempt to
use a completely synthetic medlium. He had been struck by the
simpliclity of the ultimate analysis of yeast and decided that
it would be reasonable to try to grow yeast on a medium come
posed of sucrose, yeast ssh obtained from muffle furnace
ignition and dextrorotary ammonium tartrate. The inocculum
was very preccisely stated to be a "pin head of yeast". In 2l
to 36 hours bubbles of carbon dioxide gave visible evidence
that fermentation had begun. Gradually a deposit of yeast
cells formed on the bottom of the flask. Usling the same
technique, addition of small amounts of ralsin julce, fll-
trates of yeast fermentations and other similar materlals
gave the same results but the action was swifter and much
more vigorous. His conclusion was that yeast would grow on a
gimple medium consisting of sugar, an ammonium salt and
inorganie ash. In this very small part of the total work of
Pasteur he opened a new fleld. As a result of this investl-

gation a polemic developed between Lieblg and Pasteur because
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the former was unable to repeat Pasteur's experiments,

In time Pasteur's opinion wes generally accepted but
Wildiers (1001) reopened the question of synthetic medis. In
studying the synthesis of phosphorous compounds such as phos=
phatides, nucleic acids and lecithin in yeast he decided to
use the smagllest lnoculum possible to avold carry over of
such compounds into the medium. Under these conditions no
growth was obtalned in the synthetic medium. Aeration or the
addition of invert sugar or asparagine did not help growth.
Only the increase in size of the inoculum over a definite
ninimal amount would allow growth and fermentation. In order
to show that the effect was due to a chemiecal substance and
not just live yeést cells the suspension was boiled and in-
eorpbrated into the mediums. A very small inoculum was then
able to produce good growth. Filtration through a Chamberland
filter gave a filtrate containing the active agent which was
named bios. The properties of blos were also investigated.
It was found to be soluble in water and 80 per cent ethanol
but not in absolute ethyl aleohol or ether. It was not
leeithin, urea, asparsgine, sniline, tyrosine, adenine,
guanine, nucleic acid, ereatine or products of proteclysis.
Wildiers! contributlion to the Pasteur-Llieblg controversy was
that both were right but Liebig was more parsimonious than
Pasteur and used a smaller pin head of inoeculum with insuf-
ficlent blos to alleow vislible growth.

Wildiers did not receive unanimous approval either and
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quickly several other explanations were advenced. It was
proposed on one hand that the lack of growth or poor growth
with snell inoculs was due {0 the presence of metallic
poisonse in the distilled water used. On the other hand
Pringsheim (1906) attributed everything to adaptation of the
yeast to use the simple compounds present. The function of
the large Inoculum In the polson theory was for some of the
excess cells to tie up the metals and allow the remasinder to
deﬁﬁlup normally. In the second explanation the nutrients
carried over in the large lnoculum helped supply the added
energy required for some of the yeasts to syntheslize theilr
couplex eonstituents from the simple chemicals supplied thus
allowing adaptation to the new wmetabolic conditions. Kossowicz
(1903) generally supported Wildiers but questloned his lack
of precision in several respects. He objected to the use of
2 or § drops of culture instead of seeding to a definite cell
count, to lumping growth and fermentation together and to
estimating carbon dloxide evolubtion instead of alcohol pro-
duction as a measure of fermentatlion. Interestingly enough

he added Penicillium glaucum along with a small yeast inoculum

and got a stimulation of growth simlilar to that obtained by
using a larger smount of yeast. This was due to water soluble
substances present and not to the cells. Another worker up-
holding wildiers was Ide (1907) who found bios essential,

with no evidence to support the adaptation or poison theories.

He isolated a basic substance which he nsmed blosin and which



was not lecithin but was closely related to 1t.

At about this time a more practical approach to growth
substances in microbioclogy was developed in the medical fleld
where numerous investigators were trylng to get parasitie
organisms to grow on laboratory media. Frevious to Cantani
(1902) it had been thought that hemoglobin was necessary for
in vitro culture of the influenza bacillus. In some earlier
work and in the reference cited he obtained growth with such
materlals as bull sperm, serum albumin, serum globulin, egg
yolk and egg albumin. Dead or living cells of diphtheris,
staphylocoeci, sarcina, btyphus and yeast produced heavy
growth of the bacillus. A brief review of the earlier work
along these lines was presented by Ghon and von Preyss (1902)
in the introduction to their experimental findings. 1In
further studies on influenza bacillus culture, Neisser (1903)

found that Corynebacterium xercse, Ffeiffer's bacillus or

others of not too different morphology and cultural
characteristics could supply the needed growth factors when
grown together with the influenza organism. He found no
adsptation of the bacillus even after 8 generations of mixed
culture. Although he termed the relatlonship symblosis the
influenza bacillus grew largely at the expense of the other
organism, Intimstely mixed cultures did not thrive as well
88 those in which streaks of the individual cultures were

crossed on agar plates.



A new and very stimulating concept was applied by Twort
and Ingram (1911). They noted the close relatlonship between
Johne 's bacillus and the T.B. organism and decided that'they
must have come from a common ancestor. Since the tuberculosis
orgenlsm could grow on some medlia on which Johne's baclllus
could not they assumed the former could synthesize those
factors which Johne's bacillus required but which were absent
in the laboratory medium. Previously they had cultivated
lepra bacillus of man utilizing this concept. They succeeded
in this instance of dolng the same for Johne's baclllus by
adding dried and powdered acid fast organisms to the medlum.
Timothy grass baclllus was the best of the group tested and
this colneided with thelr views since this organism was the
least parasitlic and therefore most able to synthesize all the
needed factors. The required substances were extractable in
hot ethanol.

After this time many papers appeared to show that growth
factors from various sources were needed for a large number
of organisms. Lloyd (1916) declared that asccessory growth
substances were necessary for the in vitro cultivation of the
meningococcus. These were to be found in blood, serum, milk
and other anlmal secretlons, flulds or extracts. They were
moderately stable to heat, soluble in both water and alcchol
and adsorbed on fllter papere. An inverse relationshlp between

vitamins and amino acids in the medium was found indicating
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to Lloyd that the required substances regulated protein
metabollsm. Recognition that two factors were necessary for
hemwophiliec bacteria was grented by Davis (1917) in work on
the influenza bacllluse. He cited the practlce of inoculating
blood agar with Bacillus influenzge and then streaking with

staphylococeus, pneumococeus, meningococeus or yesst. The
blood obviously supplied one factor and the second organism
another. He also found that fresh aniwal tissue, potatoes or
carrots supplied the second factor which was shown to be
organic since the ash was inactive. With clear foresight
Davis stated that specific body fluids and tissues because of
thelr specific vitemin contents were invaded by specific
rmicroorganisms. Thjotta (1921) who is usually credited with
differentisting the X and V factors for hemophlles believed

vitamins to be the cause of growth of Bacillus influenzse on

non~henoglobin containing media. Growth was obtalned on
ordinary broth when extracts of mucoid bacilli or Bacillus
proteus were added.

The evolutionary scale of nubtrition was the theoretical
end experimental concern of Loeb and Northrup (1916). They
felt that as living organisms became more and more differentiated
they became more and more parasitic. This was a simllar concept
to that of Twort and Ingram (1911) mentioned above. They were
gquite surprised to find that the same medla which was used

for the ecultivation of yeast was also capsble of supporting
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the growth of Drosophlla. Such a result would be contrary to

thelr theory unless the bacteria present were synthesizing
materials required by the fly. By use of sterlle technique
and mercurie chloride treatment of the eggs and larvae they
claim to have gotten sterile flies which could not survive on
the yeast medium. Although the experimental results are open
to criticism on the grounds of the harsh treatment used, the
ides that microbes produced growth factors was valid.

An imaginative epplication of symbiotic relastionshilps
was made by Hammerschmidt (1921). This worker found that
Koch~ieeks bacillus was coplously produced in media not
ordinarlly supportling its growth if diphtheria organlsms,
staphylococei, Friedldnders bacillus or pneumococci were
similtaneously introduccde. Deogs which were never known to
be infected with Koch-Weeks conjunetivitis were made to coume
down with typleal symptoms 1f prneumococcl were also smeared
on the eye. Ayers snd Mudge (1922) found that autolyzed
yeast contalned growth factors for pathogenic streptococcl
which they decided was not vitamin B. The blood of scorbutle

animals did not support the growth of Bgcillus influenzae as

well as the blood of slightly deflcient or normal animals in
studies by Kollath and Leichtentritt (1925). Curing the

animal of scurvy also improved the growth of influenza bacillus
on ite blood., Reactivaetion of the blood of such animsls was

obtalned by the addition of potato extract.
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Another tributary joined the maln stream of microbial
growth factors when vitawin work in anirels and man led Funk
and Macallum (1916) to the discovery that yeast fractions had
snti~beriberl activity for rats. The fractions had been ob-
talned by precipltation with phosphotungstic acid. Pacini
and Russell (1918) showed that an acidie ethanol extraset of
typholid becilli stimulated rat growth. Cholce of this
organisn was made because of the known fact thet typhold
patlents might grow 1 to 7 inches in height during their ill-
ness. PFurther animal work on growth factors of bhacterial origin
was performed by Demon (1923). Dried Ffeiffer's bacillus
added to a dlet deficilent in vitamin B kept the test anlmals
at constant welight or even induced rapild and continuous
growthe Azotobacter cells were reported by Hunter (1923) to
replace water soluble vitaminsg in a rstion for white rats and
also to eure polyneuritie pigeons. Allison, Hoover and Burk
(1933) suggested that the contribution of leguminous plants
to Rhizobia in their symblosis was provision of coenzyme R
which was later ldentified as biotin. Numerous other in-
vegtigations were carried out along similar lines which
proved that some microorganisms at least were good sources of
accessory growth substances.

Throughout the period of interest in vitamins the examine-
tion of microbial extracts for growth promoting properties in
the sawe and other groups continued. Robertson (192l.) reported
that 68th generation B. ¢oli filtrates added to yeast media
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which were suboptimum allowed luxuriant growth of the yeasts.

The organisms sssocliated with Cellulomonas folia in nature

were found by Sanborn (1926) to enhance the growth of that
organlsm in vitro. In some cases the relationships were

truly symblotie end in others the Cellulomonas grew at the

expense of the second culture. A meat extract medium which
was repeatedly extracted wlth charcoal snd no longer supported

the growth of Streptothrix corallinus was shown by Orr-Ewing

and Reader (1928b) to regain this ability after a strain of
reningococcus was grown on the medium. According to Goy

(1925) Amylomucor delemar contained a stimulant for yeast and

mierobes in general. The factor was different from vitamin B
but was assoclated with‘it In many natural sources. He con=-
sidered that snimal vitamins were heat lablle and could in
this manner be distinguished from vegetable vitamins.
Sehopmeyer end Pulmer (1931) noticed that yeast media which
became contaminated with molds gave tremendously increased
growthe. Several different molds were grown on sucrose or
glycerol substrates and proved to be highly stimulatory for

Saccheromyces cerevisiase. Two kinds of growth substances were

discovered in Rhizopus sulinus cultures by Nlelsen and Hertelius

(1932)« One was ether soluble, readlly deatroyed by oxidation
and had an effect on Avens coleoptyles but not bacteria. The

other stimilated Aspergillus niger with no effect on Avena,

was Insoluble in ether and was not readlly destroyed by oxl-

dation. It was not determined whether these were single
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substances or groups of substances. B&nning (193ly) showed
that materials designated as growth substances A snd B from

Apergillius niger and vitamin By and vitamin By hastened

nitrate absorption and retarded ammonla uptake in Asperglllus

niger. Extracts of Phycomyces were reported by Sehopfer
(193l) to make an otherwise insufficient medium complete for
the culture of Fhycomyces. Many other molds also produced
the requisite factors.

Thus far 1t has been seen that mieroorganisms are more
or less dependent on externsl supplies of growth factors.
These may be furnished by the organlsm itself or 1its fil-
trates, by other organisms or by plant or animal mgterials.
Similarly, microorganisms may supply vitamins and stimlatory
substances for plants and animsls. The convergence of all of
the preceding lines of endeavor served to emphasize the
identity of metabolism of living cells regardless of the
source. The idea that any growth factor found was required
by all living orgenisms however difficult the demonstration
of 1ts essentlality might prove to be was the logical conh'
clusion to be drawn. Essentiality in the restricted sense is
meaningless and only serves to differentiate organisms with
respect to their synthetle abilities.

The question as to the identity of bilos began to reach a
solution with the work of Fulmer, Duecker and Nelson (192L)
who succeeded in separating blos into four components on the

basis of ethanol precipitation. Of these fractlons at least
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two were suspected of being different sinece both together

were more effective than either alone. HNiller (192l;) separated
bios into two fractlions by precipitation with barium hydroxlde
in alecoholie solutlion. Each alone had no effect on yeast but
both tegether showed bilos actlivity. The preciplitate was
designated Blos I and the flltrate factor whlch could be
adsorbed on charcoal was czlled Blos II. As late as 1930
Peskett and O'Rrien (1030) concentrated bios from a cotton
extract and claimed that there was no evidence that it was a
complex body although i-inositol had slready been ldentified
as one of the bilos fractions. Following this early work a
periocd of rapid isolation and identification of many water
soluble factors took place. The story of this phase although
important and interesting can be found for example in a

review by Feterson (1941). This activity was then reflected
In the studies on bacterial nutrition whieh followed providing
pure conpounds for the first time.

The effect of some pure vitamins on growth of yeast was
studied by Williams and Saunders (193l). Inositol was found
to be unlmportent when used alone but along with By or other
vitamins it had a definite effect. Thilamin was stimulatory
for only the 0ld Yrocess and snother yeast strain. A new
factor was described which was named pantothenie ascid because
of its widespread distribution. Here the availgbility of
some pure factors made possible the detection of a new

stimulatory substance. This illustrated the catalytie effect
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o’ fundamental findings on progress In a relatively new field.
Crystalline vitamins also allowed further study of nutrition
by Orla-Jensen, Otte and Snog~Kjser (1936) on the lsctic acid
bacteria. They coneluded that laectice require bios, lacto-
flavin and B4 with bilos further chasracterized as By, inositol
and panbothenic acid. Janke and Sargo (1939) found By to be
necessary for Phycomyces, silghtly stimulatory for Rhizopus,
and inhibitory towsrd Asperglllus niger while yeast was un-

affected. Meso inositol was actlive only for yeaste.

In the beginning biologieal assays using pigeons were
the only means of determining the vitamin B; content of
varlous nmaterials. Frevious to a complete structure determina-
tion of a factor this is the only way in which a quantitative
determination can be made. Even after characterization the
bioclogical method is usually best because of the diffleculty
of quantitatively handling and isolating such minute amounts
of materisl. Williams (191Q) noted that vitamins and yeast
growth factors were prepared from the same sources and had
very similer propertlies. He proposed therefore, that a single
cell yeast growth test could serve as a qualitative method
for identifying "vitamine" with the hope that it could
probably be msde quantitative with refinement of the technique.
Development of the yeast assay in a quantitative manner by
Eddy, Heft, Stevenson and Johnson (1921) was found to give
only approximate agreement with rat feeding tests. They did

recognize the baslic requirements of a good method, namely
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that the true vitanin content could only be found miecro-
biologically if the basal medlium were complete in all factors
but the test component. Orr-Ewing and Reader (1928a) desired
to get around the laborious process involved in the pigeon

test for vitamin Bj. They developed a Streptothrix corallinus

growth method, In conpleftely impure extracts anorialous
results were often obtalined but In most cases reasonable
values were procured. The method was soon invalidated by the
finding of Feters, Kinnersley, Orr-Ewing and Reader (1528)
that By and the Streptothrix factor were not identical because
the heat stabilities and other properties of their concentrates
were qulte different. This seemed to discourage attempts for
some time to come.

As a result of comprebhensive studles of the nutrition of
the lactobacilll and the avallability of many wmembers of the
B complex in pure form, Snell and Strong (1639) developed the
first practicel assay nethod for riboflavin. This work lsaid
the foundetion for sll of the microblological ssssys now used.
This was the first repid, simple and accurate method to be
found. A tremendous amount of work followed the inlitilsl
success and it is now possible to determine menbers of the B
conplex by mierobiological nethods with an error of gbout 10
per cent. Some references to specific methods will be mpde
in the experimental sectlons below. The literature in this

field is voluminous snd could not and will not be covered here,
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Commercially the production of vitamins by mlerocorganisms
has been carried out for nany years. Yeast feeds have long
been used and some of the commercial vitamin concentrates
are obtalned from brewer'ts yeast. Rlboflavin production in
the Unlted 2tates was for a time largely a by product of the
butyl~acetonie fermentation. Peltler and Borchers {(1947)
studied the riboflavin yields from 240 meld species grown on
wheat bran. They concluded that molds warranted further
Investigation as a commerclal source of riboflavine. Enzyme
free supernatant liquld after the precipitation of mold
emylase were examined by Rao, Nistry and Sreenivasaya (19.08)
as a potential vitamin source. They reported that the content
of bilotin, pyridoxine, folic acid and nicotinic acid were
sufficlent to warrsnt possible utilizébion of this by produect
in the yeast fermentation.

The history of growth factors thus far has been the
recognition that certuin crude materials have actlvity for
certain organisms. By means of a blological assay utilizing
this activity the factors are concentrated, crystallized and
then characterized. This then ermits new stimulantes to be
recognized in natural sources and the cycle repeats itself.
With respect to many new factors we are still in the crude
extract stage as is to be expected in the beginning. leny
unidentified factors have been deseribed in the more recent
literature some of which will probably prove to be ldentical

and some of which may be just mixtures of known asccessory
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substances. In the discussion that follows only a selected

nunber of unknown factors will be deseribed with no attempt
at comprehensiveness., Special emphasis will be given animel

protein factor (AFF) since some of the experimental work to
be reported has been done in this field.

| Kuiken, Norman, Lyman, Hale and Blotter (19,3) found

that tomato Jjuice contained a factor for Lactobacillus

arabinosus which could not be replaced completely by

p-aminobenzole acid. It was adsorbed by Norit A from a
solution at pH 3.0 and could be eluted with s pyridine-~
ethanol-water mixture. The "unknown" substance stimulating
vyeast growth that was present in yeast extract was determined
by Leonian and Lilly (1943) to be a mixture of inositol,
biotin and pentothenic acid. This emphasizes the need of
eliminating interference by kmown factors present In extracts
to be assayed, which is usually accomplished by saturating
the bassl medium with respect to all the known factors.
Sprince and Woclley (191,5) found a new growth promoting
substance in tryptic digestg of purified proteins and named
it strepogenin. The nature of the substance was inferred to
be a peptlde from an examination of 1is properties. The
activity could be estimated by & miecroblologlical method using

Lactobacillus casel. An assay for a substance believed

identical with strepogenin was developed by Scott, Norris and
Heuser (196) also using lLactobscillus casel. This factor

was belleved to be the same as chlek factor S. Feeler,
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Daniel, Norris and Heuser (199} using paper chromatography
isolated l-glutamine from strepogenin concentrates. They

were of the oplinion that strepogenin and l-glutamine might be
identical since they found the same sctivity for both fractions

using Lactobaclillus casel. This does not appear to be generally

sccepted to be the ease, however, and the identity of
strepogenin still seems uncertain. A new factor was described

by Sauberlich and Baumann (1948) for Leuconostoc citrovorum.

Antipernicious anemia concentrates promoted similar growth
but not in proportion to the known asctivity of the concentrates.
It was not identical with the chick factor and could be found
in liver, yeast extract and peptone.

A chick growth substance was discovered by Novak, Hague
and Carrick (1947) in distillert's dried solubles and con-
densed fish solubles. It was shown to be different from
vitamins 4, Bys Bos Bps pantcthenic acld, nicotinic acid,
folle acid and other known factors. It was differentiasted
from the cow manure factor of Whitson, Hammond, Titus and
Bird (1945) by its solubility in ether. Novak and Hague
(19:8a) made further studies of the properties of their new
growth substance, The materlal wes heat stable in both acild
and alkaline solution and soluble in ether, ethanol and
water., It was precipitated by phosphotungstic acid and lead
acetate and adsorbed from aclid solution on Florisil, Lloyd
reagent, norit and Decalso. Puller's earth and Darco did not

adsorb it from solution. The new factor was named B13 after
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isolation by Novak and Hague (1948b). The fractionation con-
gisted of extraetion with 0.1 normal hydrochloric acid, pre-
clipitatlon of protein with ethanol, chromatographic adsorption
of the impurities on fullers earth, precipitation of the
active material with phosphotungstic acid and extraection with
chloroform. Thls series of papers illustrates the process
involved in the early stages of purification of a new factor.
Bven after processing large amounts of materials and obtaining
a very actlve concentrate, 1t is not always possible to get a
crystalline compound.

Cow manure was suggested by Hammond (19,2) as a good
source of vitamins for chickens. ¥hitson, Hammond, Titus and
‘Bird (1945) then found that 3 per cent sardine meal or 8 per
cent dried cow manure supplied factors making soybean meal
sufficient as a protein source for chlicks. Wheat apparently
contained this materlal since cow manure did not enhance the
value of wheat as a feed. Sardine mesl did lncrease the
efficacy of wheat but this may have been due to larger
amounts of the same factor. The fact that cow manure factor,
later designated as APF, was different from the previously
known stimlatory substances was demonsirated by Rubin and
Bird (196a). The manure factor caused improved growth in
chicks when added to the ration whereas the additlon of all
known factors csused no such effect. In a subsequent paper

Rubin and Bird (1946b) deseribed the properties of APF. It
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was soluble in 50 or 90 per cent alecohol, insoluble in ether
or chloroforn, stable one hour to dry hest or sutoclaving for
15 minutes and could be dialyzed. Concentrates were made by
extracting the cow manure with bolling water or 5O per cent
alecohol at 50° C. Nichol, Robblee, Cravens and Elvehjem
(19,7) using a typleal APF assay ration found that antiper-
niclous anemia concentrates of liver were active for chicks,
A Tish solubles mabterial of simllar activity was prepared
which was soluble in 70 per cent methanol but preclipitated in
G5 per cent ethanol., The activity of these extracts was

greater 1f injected than 1f given orally. Lactobaclillus

lactis Dorner was found by Shorb (1947) to require a factor
from tomato juice and another whileh was present in antiper-
nilcious anemia conecentrates. The response of the organism
seemed to be directly related te anti anemla getivity and

this substence was designated as Lactobacillus lactis Dorner

(LLD) faebtor. Here again is a concrete example of the merging
of factors for animals and bacteria. The same type naterials
are required by both groups of organisms and since mlcro-
organisms are so much easler to handle giving faster wssays,
they are preferred in isolating or quantltstively determining
factors whose primary economiec importance may be centered on
animals,

A report on the chick growth faetor in condensed fish
solubles was made by Robbles, Nichol, Cravens, Elvehjem and

Falpin (1948). It was soluble in water, 70 per cent ethanol
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or wethanol but insoluble in ether or acetone and was strongly
adsorbed on charcoal. The concentrated material was acid and
alkali sensitive with no loss on enzymlc digestlon and it
could be dislyzed through cellophane. The latter property
distingulshed it from cow manure factor but this difference
may only have been in the mode of comblnation in the two
sources. Using o cowpletely synthetic basal medium, Daniel,
Scott, Heuser and Norris {1948) had to supply two different

factors to get good growth of Lactobaclllus casel. Strepogenin

and APF were the required substances. They concluded that
AFF and antiperniclous anemiag factor were not alike since

Lactobacillus casel dld not respond equally to both concen-

trates. Animal proteln factor was adsorbed from acid solutlon
by norit. Bird, Rubin and Groschke (198) told further of
the properties of their cow manure factor. It was soluble in
80 per cent acetone or smmoniacal alcohol and stable to auto=-
claving at neutral pH for 2 hours. There must have been o
protein conbined form of the factor beczuse it was no longer
precipitated at pH 3.0 after papain digestion whereas before
digestion such precipitation did take place. The activity
was found to be incompletely adsorbed from the papain digest
and incompletely eluted by ammoniaseal ethanocl. Zucker,
Zucker, Babecock and Hollister (1948) deseribed a factor for
weaned rats which was present in crude casein, liver extraect

and fish solubles, Successful production of a deficlency
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depended on depleting the parent In order to get results in
the offspring. Synmptoms were high wmortality in the young
although pregnancy and lactation in the mother were normal,
High proteln in the diet accentuated the difficulty. The
authors felt that their substance which was called zoopherin
was ldentlcal wlth APF. Such was the status of APF in the
early stages of work. Evldence from several fields pointed
to the presence of a new growth substance or group of similar
substances effective in animals and certain microorganisus.
Liver fractionation by Smith (1948) resulted in the
isoiation of two rather pure substances having red pigrmenta-
tion. One could be derived from the other by protecolytic
digestion. PFour tons of ox liver were processed to produce
one gram of final product. The latter was soluble 1in water
and in nearly anhydrous slechol, acetone and acetic acid.
Non-poler solvents were not able to dissolve the material,.
Frecipitates were obtained from a solution of the factor when
Reinecke acld, rhodenilic gcid or phosphotungstlc acid were
added. Boillng for one hour in normal hydrochloric acid
rendered the pigment soluble in butanol. Shoritly after this,
erystalline material was obtained. Independently and at the
same time Rieckes, Brink, Konluszy, Wood and Folkers (198a)
ennounced the isolation of crystalline vitamin Bjpe Very rfew
detalls other than some physical properties were glven. The

same group of Rickes, Brink, Koniuszy, Wood and Folkers
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(19l:8b) reported zome further findings on the nature of vitamin
312. Coballt, nitrogen and phosphorous were detected 1in the

erystals. Lactobaclllus lactls Dormner was not responslve to

cobaltous ion but crystalline By, was very active. The con-
clusion was that vitamin Bjp 1s a cobalt coordination complex
containing six groups one or more of which is organic.
Rickes, Brink, Koniuszy, Wood and Folkers (1948c) isclated

erystals from Streptomyces griseus that compared in all ways

with those obtained from liver and designated gs vitamin By o»
liore data on the properties of vitamin By, was glven by

Brink, Wolf, Kaczka, Rickes, honiuszy, wood and Folkers (19,9).
An approximate molecular formulas was calculated from the
quantitative results. Vitamln By, was found to be an optically
active weak polyacidic base and no amino aclds or pteridine
components could be detected. Iyrrole and porphyrin tests

were positive and the crystalline material reacted like known
pyrroles when degraded by sodium hydroxide fusion and tested
with Ehrlich reagent.

Crystalline vitamin By, was added to a soybean meal diet
for chicks by Ott, Rickes and Wood (1943) and it exhibited
animal protein factor gsctivity. Six to thirty micrograms per
kilo of ration were needed to produce satisfactory growth.

On the basis of this evidence it was decided that vitamin By o
was AFF or closely related to it. Lillie, Denton and Bird
(1948) found that crystalline By, was completely effective in

replacing cow manure, fish mesl or meat scraps. The actlion
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in the chicks was direct since injection gave the same results
as feeding.

Microblological aspects of AFPF have been mentioned. The
cited need of Lactobacillus lactis Dorner for By, was made

the basls of an assay. Difficulties were encountered with

this method, however. Dissociation was thought to be the
reason for the erratic non-reproducible results., Shorb and
Brigegs (1948) found that the use of ordinary laboratory
carrying media induced such cultural instablllity. The addition
of skim mllk and tomato juice tended to stabllize the culture.
Skeggs, Huff, Wright and Bosshardt (19,8) used Lactobacillus

leichmannii for the assay of APF and deseribed the medium and

methods used. No sooner dild some of the difficulties In the
assay dlsappear than new ones arose., Hoffman, Stokstad,

Franklin and Jukes (1948) found that Lactobacillus leichmannii

also responded to thymidine. The presence in extracts of
this desoxyriboside would interfere with determinations of
812. Apparently other materiasls also Interfered since five
different zones were found on strip chromatograms by Winsten
and Eigen (1949). "Two of the zones were identified as
vitamin By, and thymidine, respectively. Possible charscter-
ization of the unknown components of the Bjo group was
indicated by the work of Kitay, MeNutt and Snell (1949).

They found that thymine, adenine, cytosine and hypoxanthine
desoxyribosides as well as desoxyribonuclelc acid and

ascorbic acld were all effective in promoting growth of
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Lactobacillus leichmannii 313.

Speculation as to the significance of the miltiple
stimlation observed resulted in the general belief that By 5
was a cofaétor involved in the synthesis of nucleic gcids or
their components, Tomarelli, Norris and Gyorgy (19L9) found
that Byp could not replace the desoxyriboside requirement of
Lactobacillus bifidus. This then casts doubt on the proposed

mode of action of vitamin Byjp. To say the least the true
status of these factors is stlll very much in doubt. The
relationships between Bjy,, desoxyribosides and APF are
simllarly not c¢lear. In view of the addltlional presence of
vitamin Bis in the whole picture it seems possible that
snimel protein factor actlivity is really a group activity
even though a good deal of it may be accounted for by the

actlon of vitamin 312'
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ITI. MATERIALS

A. Hicroblal Preparations
l. Hold bran

Four samples designeted as #7, 8, 9 and 10 of mold bran,

which 1s a culbure of Asperglllus oryzae grown on wheat bran

as g substrate, were obtalned through the courtesy of

Enzymes Inc., Eagle Grove, Iowa.
Pu Bran

Wheat bran which is the s0lid substrate used 1In the
production of mold bran was made available by Enzymes Inc.,

Eagle Grove, lIowa.

3. Feed concentrate No. I

Adequate supplies of a feed concentrate designated as
No. lily (hereafter referred to as #ll) were also supplied by
the courtesy of I¥nzymes Inc.,, Eagle Grove, Iowa. This
materlal was prepared by culture of a selected strain of
aeroblc spore forming bacterla on a medium of undisclosed
composltion containing soybean cake, alfalfa meal and other
ingredients. No. l)i was reported to completely replace meat
scraps and fish meal in poultry rations sccording to chick
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feeding tests.

Be Organisms

The followling organisms were utilized in thils investiga-
tion: Lactobacillus casel (American Type Culture Collection

Number 7469); Lactobacillus arabinosus 17/5 (American Type
Culture Collection Number 801l); Lactobaeillus fermentum 36

(American Type Culture Collection Number 9338); Saccharomyces

‘eereviaiae (Gebruder Mayer strain); Lactobscillus leichmannii

(American Type Culture Collection Nwber [797); and Lacto-

bacillus lactis Dorner.

Ce Chenmlcals

1. Constituents of the synthetlc medla

Dextrose of C. P. grade from Pfanstiehl Chemlical Company,
Waukegan, Illinois was used. Amino aclds used were those of
Merek and Company, Rahway, New Jersey and Dow Chemical
Corporation, Midland, Michigsn. The aclds from Dow were
supplied through the courtesy of Frofessor S. W. Fox of Iowa
State College and were recrystallized from boiling water
before use. The purines and vitamins used were obtalned from

Nutritional Biochemicsls Corporation, Cleveland, Ohlo.



2+ Enzynes

Papain and trypsin were supplled by Nutritional Blo=-
chemicals Corporatlon, Cleveland, Ohio. Takadlastase was

obtained from Parke, Davis and Company, Detroit; Michigane.

3¢ Speclal nutrients

Tween 80 was donated by Atlas Fowder Cormpany, Wilmington,
Delawsre., Difco Bacto-Peptone, Difco Bacto Yeast Exiract and
Difco Bacto FPeptonized Milk were obtained from Difco
Laboratories Inc., Detroit, Michigan. Edible grade purified
and dried whey was donated by Kraft Foods Company Research
Laboratories, Glenview, Illinois. Labeco Vitamin Free Casein
was suppllied by Caseln Company of America, New York, New York.
Canned tomato julce was purchased on the open market gs

required,

Ds Apparstus

A KWSZ photocell filter photometer distributed by
Wilkens-Anderson Company, Chiecago, Illinois was used for
turbidity measurements. Pllter No. 7 having a wavelength of

650 millimicrons was used. Kimble lipless 19 by 150 mm., test

tubes were used in the fermentations.
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Iv. KETHODS

A. Amino Acid Mixture

The followlng amino acids In the designated quantities
were dissolved in 500 mi. of bolling water: L00O mg. d1 leucine,
1,00 mg. 41 isoleucine, 40O mge d1 valine, 400 mg. d1 methionine,
Loo mg. ;}~) tyrosine, L 00 mg. phenylalanine, 800 mg. glutamic
acid, 400 mg. d1 threonine, )00 mg. dl alanine, 800 mg.
aspartic acid, [,00 mg. 1(+) lysine, 4,00 mg. 1(+) arginine, };00
#ge 1(+) histidine and 400 mg. dl serine. Four hundred mg.
1(~) cystine was dissolved separately by using a minimum
amount of conc. HC1l and added to the above solution and 00
mge of dl tryptopbhan was treated in the same manner. The
solution was made to a volume of 720 ml. and stored in the

refrigerator under toluene.

Be Vitamin Mixture

A solution of 25 ug. of blotin was made to a volume of 200
ml. Ten mg. of calelum pantothenate was dissolved in 50 ml. of
neutral 25 per cent neutrsl ethanol. Ten mg. of p-aminobenzoic
acild was dissolved in 50 ml., of 25 per cent neutral ethanol.
Twenty mg. of pyridoxine was dissolved in 50 ml, neutral 25 per
cent ethyl alcohol. Twenty mg. of pyridoxal was dissolved in 50
ml. neutral 25 per cent alcohol., Ten mge vitamin By was dissolved
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in 50 ml. alcohol which had been adjusted to pH 3.0 with HCl.
Ten mg. of riboflavin was dissolved In 200 ml. of 0,02 N
acetic geld. Ten nmg. of nicotinic acid was dissolved in 100
ml, of distlilled water. All of the separate solutlions were
combined and 5 mg. of folle scid dissolved in the mixbure.

The solutlon was stored under toluene in the refrigerator.

Ce Purlnes

One hundred mg. of uracil, 12 mg. of guanine hydro-
chloride, 17 mg. of adenine sulfate and 100 mg. of xanthine
were suspended in a small volure of water. Two ml. of conc.
HCl was added and the mixture heated untll solution took
place. The volume of the solution was made to 100 ml, and 1t

was stored under toluene,.

De Dische Reagent

Three grams of diphenylemine was dissolved with stirring
in 6 ml. of concentrated sulfuric acid and then 29} ml, of
glaclael mcetie acld was added., The solution was stored in a

dark bottle and kept in a dark place.

E. Preparation of Assay Inoculs

Stock cultures of the organisms used were malntained on

the appropriate nutrient agar; stabs for lactobacilll and
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slants for yeast. Inoculation was made from these cultures
to an eppropriate liguid medium and incubated until the
crganlsm was in its logarlithmic growth phase. The tube was
then centrifuged and the supernatant poured off with due

- regard for sterile technique. The precipltated cells were
resuspended in sterile physiélagical saline and agaln
centrifuged. The cells were washed a total of two tlmes and
the suspension then diluted 10 to 20 times. One drop of the
final suspension was used for inoculating each test tube

cultura-

¥, Pinal Determinations

The end polnt of the test tube assays was read elther by
titfation of the lactic scld produced with bromthymol blue

indicator or by turbldity measurements.
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V. EXPERIMENTAL

A+ Enown Fasctors

1. BRiboflavin

The method and medium used were those of Barton-uright
(19L5). One g each of mold bran semples #7, 8, 9 and 10 and
of bran were placed in 250 ml, Erlenmeyer flasks and L0 ml,
of 0.l1N HC1l added to each. The flasks were autoclaved for 30
minutes at 15 1lb. steam pressure, cooled, the solutions
adjusted to pH 5.8 with 0.5N NaOH and then filtered. The pH
was reduced to l..5 and the mixtures again filtered. The pH
was adjusted to 6,7 with 1N NaOH and made up to 500 ml. From
esch solutlon duplicate amounts of 1, 2 and 5 ml. were
plipetted into test tubes, made to a total of 5 ml. with
distilled water and 5 ml. of double strength basal medium
added, Duplicate standards containing 0, 0.03, 0.06, 0.12,
0,18, 0.2l and 0.30 ng. of riboflavin were prepared in
analogous manner to the samples. All of the tubes were
plugged with cotton, sutoclaved for 10 minutes &t 10 1b,
steam pressure and cooled guickly with protection from the

light. One drop of a dilute suspension of Laectobacillus

casel was sdded to each tube and the series was incubated at

37° C. for 72 hours after which the acid produced was
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titrated with 0.1N NaOH. Two runs had to be made since the
original bran solutions were too dilute. Data for the

establishment of the standard curves are given in Table 1.

Table 1
Titretion Values for Riboflavin Standards

Run Riboflavin ml. 0.1N NaOH
(g ) (average)
I-1 0,00 0.6l
I-2 0.03 1.51
I-3 0.06 2y
I-l 0.12 1180
I-5 0.18 6430
I-6 0.2 6.91
I-7 0430 T.58
II-1 0.00 1.39
1I-2 0.03 243l
II-3 0.06 279
TI-l 0.12 lel2

Riboflavin values were plotted against ml. NaOH on fine line
graph paper and the curve obtained was of typlcal shape. The
assay values for the samples were calculated by referring the
titers to the standard curve and multiplying by the proper
dilution. The final results are shown In Table 2.
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Table 2

Riboflavin Content of Samples

Tl curve Dilution

Sample 0.1N NaOH reading factor Riﬁg%iavin
{averaga) (nge) per ge
Bran 2469 0,048 100 1.8
#7 3.11 0,078 250 19.5
#8 2.97 0.07h 250 18.5
#9 2.9 0.073 250 18.2
#10 396 0.100 250 2540

2+ HNliecotinie amcid

The method and medium were those of Barton-Wright (1945).
One g. each of samples #7, 8, 9, 10 and wheat bran were auto-
claved for 20 minutes at 15 lb. pressure with 50 ml, 1N HCl
in 250 mle. Erlenmeyer flasks. After cooling, the solutions
were sdjusted to pH 6.7, Tiltered and made up to 1 liter of
which 50 ml. was further diluted to 100 ml. Duplicate
amounts of 1, 2 and 5 ml. of the solutions were pipetted into
test tubes and suffieient distilled water was added to make a
total of 5 ml. per tube. Five ml, of double strength basal
mediuvm was then added to each. Standards in duplicate con-
taining 0, 0420, 0440, 0.60, 0.70 and 0.80 pge of nicotinic
acid per tube were prepared similarly. All of the tubes were
plugged, autoclaved 15 minutes at 15 1lb. pressure and cooled.



36

They were inoculated with Lactobacillus arabinosus and

incubzted for 72 hours at 30° C. following which the lactie
acld produced was titrated with 0.1 NaOH using bromthymol
blue Indicator. The results obbtained for the standards

appear in Tgble 3, Utllizing this data a standard curve was

Table 3
Titration Values Tor Nicobtinic Acid Standards

Run NiCOt%Eéi)Acid mlzagéiggg?OH
1 0.00 1.28

2 0420 lLe59

3 0.110 6,88

Iy 0.60 8.62

5 0470 9430

6 0.80 9473

drawvn and the usual type curve was obtalned. By refersnce
of the titers of the samples to the curve and taking the
dilution into account, the values of nicotinlc acld present
in the samples were caleulated. The finsl results are shown

in Table l..
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Table L
Hicotinic Acid Content of Samples

mle Curve Dilution Nge
Sample O.1N NaOH Reading Factor Niascin
(average) (ng.) Per ge
Bran 8.60 0.60 500 300
#7 727 015 250 112
#8 7.25 0.4k 250 110
#9 5405 0.23 500 115
#10 25 0.2l 500 120

3. Bilotin

The nethod and medium used were those of Barton-liright
(19h5)e Samples were prepared by autoclaving one gram of
#7, 8, 9, 10 and bran in 250 ml. Erlenmeyer flasks with 50
mle of 1N sulfuric acid for 2 hours at 15 1b. pressure. Upon
| cooling the solutions were adjusted to pH GCeTs filtered,
diluted to 500 ml, and then 10 ml. was further diluted to 100
ml. Duplicate tubes received 1, 2 and 5 ml. of this solution
after which each was brought to a total of 5 ml. and 5 ml. of
double atrength basal medium was added. In like mammer
standards contalning 0, 0.10, 0.20, 0.}}0 and 0,80 millimiero-
grams of bilotin were prepaxed. The tubes were plugged with
cotton, sherilized at 15 lb. pressure for 15 minutes and

cooled. A drop of inoculum of Lactobaclllus arablnosus was
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- added to each tube and the series was incubated for 72 hours
at 37° C, Upon completion of the incubation period, the
tubes were titrated with 0.1N NaOH using bromthymol blue as
indicator. The data for the standard series is presented in
Table 5. From this information a standard curve of typieal

Table &
Titration Values for Blotin Standards

Run millimierograms Biotin mle O 1N NaOH
(average)
1 0.00 1.92
2 0.10 5.26
3 0.20 Tel3
b 0.0 9.25
5 0.80 11.60

shape was drawn on fine line graph paper and this curve then
used to determine the assay values for the samples tested.

These values are recorded in Table 6,
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Table 6
Biotin Content of Samples

mle Curve DiTution I
Sample O«lN NaOH reading factor Biotin
(average) (nge) per ge
Bran l1«86 70 5000 0435
#7 5420 8ly. 5000 0.2
#3 570 108 5000 0.5l
#9 6.i2 152 5000 0.76
#10 6.05 126 5000 0.63

li« Pantotheniec acid

The method and medium used were those of Barton-irlght
{(195)e One g. each of mold bran #7, 8, 9 and 10 and of
bran in a finely ground state was digested at 37° C. with 25
rge papain and 25 mg. takediastase in 40 ml. of 0.5 per cent
acetate buffer under toluene for 2l hours. The digest was
adjusted to pH 6.7, filtered and diluted to 1 liter. In
duplicate tubes 0.5, 1 and 2 ml. of bran solution and 2, 3
and 5 ml. of the mold bran solutions were made to a total of
5 ml. with distilled water and 5 ml. of the double strength
basal medium added. A series of standards containing 0, 0,01,
0.02, 0.0l, 0.06, 0,08 and 0.10 mg. of calclum pantothenate
was set up in the same manner as the samples. The tubes were

fitted with cotton plugs, autoclaved 15 minutes at 15 1b.
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stean pressure and cooled. A drop of inoceulum of Lactobacillus

srabinosus was added to each of the tubes whieh were then
incubsted at 309 {. for T2 hours. At the end of thls time
the leetle acid was titrated with 0.1lN NaOH using bromthymol
blue as indloator, The results for the standard serles are
shown in Teble 7« A smooth curve was drawn for these vielues
having the ususl shape. Using the titration values for the
samples, the standard curve and the dilutlon, the panto-
thenle acid contents expressed in terms of calelum panto-

thenate were obtained., This inforwation is given in Table 8.

Teble 7
T™tration Values for Csleium Fantothenate Standards
falcium Fantotnenste Tile Uell RaOR

Run {2ge) {average)
1 000 1.60
2 0.01 3.15
3 0,02 5e10
L 0.0l Toli3
5 0.06 8.98
6 0.08 9.80
7 0.20 10.90
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Table 8

Pantothenie Acid Content (as Calcium Pantothenate) of Samples

mMl. Oe.IN NaOH Curve DiTution nug. Calclium

Sample {average) Reading Factor Fantothenate
(ug.) per ge

Bran 6.80 0,033 2000 66

#7 6.50 0,031 500 15

#8 S.2 0,022 500 11

#9 i .60 0.017 500 8.5
#10 6.35 0.029 500 15

5. Thiamin

The method and medium used in this determination were
those of Sarett and Cheldelin (194l;)s One g. each of mold
bran #7, 8, O and 10 and of bran in a finely ground state was
digested at 37° C. for 2l hours with 25 mg. papain and 25 mg.
takadiestase in J0 ml. 0.5% acetate buffer. After digestion
the flasks were steamed lskminutas, filtered, adjusted to pH
647 and made up to 1 liter of which 20 ml. was made up to 100
ml. Duplicate tubes containing 0.5, 2 and 5 ml. of the pre-
pared solutions were set in a rack, enough distilled water
added to make the total volume in each 5 ml. and 5 ml. of
double strength basal medium was added. Duplicate standards
of 0, 0.005%, 0,010 and 0,020 uge. of thiamin hydrochloride
were similarly mede up to a btotal of 5 ml. each and 5 ml. of
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double strength basal medium added. All of the tubes were
then plugged, steamed 15 minutes, sllowed to cool and inocu-
lated with 1 drop of & dilute suspension of Lactobacillus

fermentum, They werse incubsted st 30° C. for 23 hours at

the end of which time the turbidities were measured in the
KWSZ photometer. The values obtained are given in Table Q.
These figures were plotted to produce the typicsl standard
curve which was then used to calculste the assay values for

the samples. The final results are shown in Table 10.

Table O
Turbldity Values for Thiamin Standsrds

Run Thiamin Photometer Reading
(ug.) (average)
1 0.00 100
2 0.005 91l
3 0.01 89.0
I 0.02 8.l
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Table 10
Thiamin Content (as Hydrochloride) of Samples

Thotometer Gurve Dilution ng. Thismin
Sample Reading Reading Factor Per g
(average) (nge)
Bran 01.6 0.0047 1000 a7
#1 92.l 0.0037 1000 3e7
#8 93.1 0.0030 1000 3.0
#9 93.3 0.0028 1000 2.8
#10 olL.0 0.0022 1000 2.2

6. Folic gcid

The procedure used has been that of Tepley and Elvehjem
(1945). One g. samples of mold bran #7, 8, 9 and 10 and of
bran in a finely ground state were digested for 2l hours in
250 mle. Erlenmeyer flasks at 37° C. with 25 mg. papain and
25 mge takadlastase in LLO ml. of 0.5 per cent acetate buffer.
The sclutlions were adjusted to pH 6.7, made up to 1 liter and
20 ml, further diluted to 100 ml. Duplicate amounts of 1, 2
and 3 ml. of the solutions were made to 5 ml. total volume in
test tubes to which 5 ml. of double strength basal medlum was
added. Standards, also in duplicate, were prepared in an
snalogous manner centaining 0, 0.50, 0.75, 1.0, 1.5, 2.0 and
3.0 millimicrograms of follc acld per tube. All were then
sterilized for 15 minutes at 15 1lb. steam mressure and allowed
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to coole One drop of an inoculum of Lactobacillus casel was

added to each tube and the whole set incubated at 37° C. for
72 hours at the end of which time the lactic acid formed was
titraeted with 0.1N NaOH using bromthymol blue indicator. The
results for the standards are glven in Table 1l. From this
information a standard curve was drawn and used together with
sanple tlters and dilutions to calculate the folle acid

content of the samples. The finsl results sre shown in Teble

12,
Table 11
Titration Values for Folic Acld Standards
Run mlllInicerograms Tl. OelN NaORB
folie acld (average)
1 0,00 1.85
2 0.50 li65
3 0475 6400
ly 1.00 6.70
5 1.50 7.50
6 2400 9.30
7 3+00 10,70
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Table 12
Folic Acid Content of Samples

ml. Osil NoOH Curve DilutTfon  ang. follic
Sample {average) Reading Pactor acld per g
Bran 3.80 0.32 1667 0.53
#7 b2 0.8 5000 240
#8 5e00 0.58 2500 1.45
#0 .00 0.3k 1667 0.57
#10 527 0.65 2500 1.60

7+ Pyridoxine

The method and medium used were those of Willliams, Eskln
and ¥eMehan (1941). Samples were prepared by hydrolyzing
1 ge each of mold bran #7, 8, 9 and 10 and bran in 250 ml.
Erlenmeyer flasks with 80 ml. of OJiN sulfuric acid for 1
hour abt 20 1lb. steam pressure. Upon cooling, the solutlons
were adjusted to pH 5.0, diluted to 1 llter and a 2 ml.
aliquot further dlluted to 100 ml. Duplicate amounts of 1, 2
and 5 ml., of the sclutions were brought to & total volume of
5 ml. in test tubes and then 5 ml. of double strength basal
medium was added to each. In the same way duplicate standards
of 0, 0.10, 0.20 and 0.40 millimicrogrems of pyridoxine hydro-
chloride were prepared. The complete set was then sterilized

by steaming for 15 minutes, allowed to cool and then each
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tube was inoculated with 1 drop of a suspension of Saecharo-

myces cerevisise. The tubes were incubated for 16 hours at

309 C. and at the conclusion of this time the turbiditiles
were read in the KWSZ photometer. The readings for the
standard series are listed in Table 13. The smooth curve
obtained by plotting the standard values was typical and was
used along with the titers of the samples and their dilutions
to calculate the fingl assay figures. The results of the

calculations are shown in Teble 1lj.

Table 13
Turbidities of Pyridoxine Standards

Run millimierograms Photometer Reading
pyridoxine (average)
1 0.00 100
2 0.10 9349
3 0.20 90.3
b 0.40 87.6
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Table 1l
Pyridoxine Content (as Hydrochloride) of Samples

Sample  Photometer Curve Dilution uge. pyridoxine
Reading Readlng Factor PET G
(average) (ug.)
Bran 92.0 0.1l 25,000 3.6
#7 023 O«l3 5,000 0467
#8 . 93.8 0.098 2,500 0.25
#9  90.6 0.19 2,500 0sli7
#10 0.1 0.21 2,500 0.53

8. Inositol

The procedure and medium used were those of Wiliiams,
Stout, Mitchell and MeMehan (1941). One ge. of mold bran #7,
8, 9 and 10 and bran was placed in separate 250 Irlsnmeyer
flasks and 50 ml, of 1N sulfuric acid was added to each. The
flasks were plugged, covered with small beskers and placed in
the autoclave for 30 minutes at 15 lb. pressure. The solutions
were then diluted to 1 liter and of this 50 ml. was made up to
1 liter. Aliguots amounting to 1, 2 and 5 ml. of the final
dllutions were placed in dupllicate test tubes, each made to a
total of 5 mle. and 5 ml, of double strength basal medium added.
The same general procedure was employed in making up a standard
series containing 0, 0.L0, 0.80, 1.20, 1.60 and 2.00 ug. of

inositol. The tubes were plugged and sterilized by treatment
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at 15 1b. steam pressure for 15 minutes after which they were
allowed to cool, Inoculation was made by adding a drop of a

suspension of Saccharomyces cerevisiase to each tube and incu-

bation at 30° C. was carried out for 16 hours. The turbidi-
ties were resd in the photometer and the standard values are
shown in Table 15. A typleal growth curve was obtained upon
plotting the standard dates and it was used to calculate the
inositol content of the samples from the sample titers and
dilutions. The final results are presented in Table 16,

Table 15
Turbidities of Incsitol Shbanderds

Run Inositol Photometer Reading

(uge) (average)

1 0,00 100

2 0.20 ) 90.0

3 0.40 86.5

ly 0.80 81.h

5 1.20 78.0

6 1460 755

7 2,00 Theb
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Table 16
Inositol Content of Sanmples

Sample  Photometer Curve Dilution ng. Inoslitol
Reading Reading Factor Per ge
(average ) (ug.)
Bran Y 1.28 200 256
#7 89.7 0422 100 22
#8 7742 1.28 100 128
#0 81.8 0.75 250 188
#10 82.7 0.66 250 165

Q. Composite growth effects

In order to determine the composite growth promoting
effect of the preparations chosen for study, test tube
fermentations were conducted on their extracts as the sole
source of accessory growth factors.

Extracts were prepared by digesting 1 g. each of wheat
bran, mold bran #8‘and feed conecentrate #l with 25 mg.
pepain end 25 mg. takediastase in about 50 ml. 0.5 per cent
acetate buffer at 37° C, for 2l hours. The extracts were then
adjusted to pH 6.8, made to 100 ml,, filtered and 5 ml, of
each added to 5 nl. of 2 per cent glucose solution in dupli-
cabte test tubes. Three comparstive sets of tubes containing
1 per cent yeast extraect (Difco), 0.5 per cent yeast extract

and a synthetle nutrient solution were prepsred exactly as
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the samples. The composlition of the double strength synthetic
basal wedlium used in this run and the following runs employing

Lactobacillus arsbinosus or Lasctobascillus casel 1s shown in

Table 17. The test tubes were sterilized for 15 minutes at
Table 17
Medium for Lactobaclllus casel or Lactobaelllus arabinosus

Component Quantity
aeld hydrolyzed casein 20 ge
glucose 20 ge
godlum acetate 12 ge
sodium chloride 10 go.
armonium sulfate 6 ge
4l tryptophane 200 mge
1 eystine LOO mg.
adenine, guanine, xanthine and ursacil 20 mge
bilotin 0.8 uge
ealeiam pantotnenate 200 ug.
thiamin 200 nge
riboflavin 400 uge
pyridoxine 200 ng.
p~aminobenzoliec acid 200 nge
nicotinic acid 400 ng.
salts A% and salts Bz#, each 10 ml,

Adjust to pH 6.7 and dilute to 1 liter

%salts At 25 g. KHpPQ,, 25 g. KpHPO in 250 ml. distilled

water
#u#galts B: 10 gm. MgSQh_ « THy0, 0.5 ge hmsoh-ungo, Oel go Fe(}13

In 250 mle. distilled water.
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15 1b. pressure, cooled and inoculated with a drop of a

suspension of Lactobaclllus arablinosus. After Incubating for

16 hours at 30° C. the visusl order of decreasing growth was
found to be: synthetic, #8, bran, #li, 1 per cent yeast ex-
tract, 0.5 per cent yeast extract and blank. Titration of
the lactic acid after 72 hours'! incubstion followed the same
relative order and the values are shown in Tasble 18. The
poor showing of yeast extract was attributed to the lack of
minerals since salts B (Mn, Pe and MNg) brought the titer of
yeast extract up to the same level as the complete synthetic

in another czperiment.

Table 18

‘Extrocts as Sole Source of Growth Factors

Material Tested mle 001N NaOH
(average)
complete synthetle 11,10
#8 extract 7495
bran extract 5.60
#l extract 3.80
1% exast extract 2405
0.5% yeast extract 0.90
blank 0.25

The significance of these findings is very limlited since

there were so many uncontrolled variables. Each of the
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extracts conteined varying amounts of several vitamins. A
poor over-all growth effect may have been due to lack of
only one substance and agaln it may have been due to lack

of several factors. Since Iactobacillus arabinosus is s

falrly fastidlous orgenism fallure in a fermentation test
using this orgenism would not necessarily give any informa-
tilon as to the growth promoting properties of the materilal
tested in a different fermentation. In order to determine
the composite growth effect of an extract on any particular
microorganism the extract In questlon would have to be

tested dircotly wilth that microorganism,

Be Unknown Fgetors

1. 3Studies using Lactobscillus casei or Lactobacillus

grabinosus

It was necessary to test the extracts used above in a
wedium eontalning all the known growth factors in order to
determine if any new factors were present that were required
by lactobacilll, UGreater growth in the extract tubes than
in the complete synthetic medlum as a blank would indicate
the presence of new factors.

Extracts of mold bran #8 and feed concentrate #lili were
mrepared in three different ways: digestion with takadlastase,
digestion with papeln and taksdiasstase and distilled water

extraction in o Whizmix. The fingl solutlions in each case
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were made up so that 100 ml. of solution represented 1 g. of
dry materisl, Five ml, of basal medium (Table 17) and 5 ml.
of each extract were plpetted in duplicste into test tubes.
The blank consisted of 5 ml. of basal medium and 5 ml. of
distilled water. The tubes were sterilized, cooled,

inoculated with 1 drop of a suspension of Lactobacillus

arabinosus and incubated at 309 C. 1In 17 hours there was g

definite difference in the growths attained and the visual
order of decreasing growth was: 1 per cent yeast extract,

#liy (takadlestase), #ili (takadlastase and pepain), #il (dis-
tilled water), #8 {(takadiastase and papain), #8 (takadiastase),
#8 (distilled water) and the blank., At the end of L3 hours
the acid production in 21l the tubes was nearly the same.

The evidence obtalned was that some growth factor or factors
were present 1n.tha extracts which stlmilated the growth of

Lactobacillus arabinosus in its early stages. Since the 72

hour vaiues were about equal for all tubes Including the blank
it seemed likely that the factor or factors were slowly
synthesized by the organism,

Distilled water extracts of bran, #8 and #li were made
in a Whizmix so that 1 ge. was equivalent to 100 ml, of extract
solution. PFive ml. of each extract was added in duplicate to
5 nml. of basal medium in test tubes. A blank and 1 per cent
yeast extraet were run for compaﬁison. The tubes were

sterilized, cooled and inoculsted with Lactobacillus casel.

After incubation for 27 hours the data in Table 19 were obtalned.
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Table 19

Effect of Bxbtracts on Growth of L. casel

Materlial Tested mle. O+1N NaOH
(average)

1% yeast extract 710

#8 extract 2.0

#dy extract | .85

bran extract 2475

blank 0.60

At the end ol 72 hours the growth appeared the same in all of
the tubes. This supported the findings of the previous run.
The pﬁevious experiments indicated the possible presence
of factors in the extracts which stimulated lactobacilli in
the early growth period. In order to check the identlity of
these factors with two described by Daniel, Scott, Norris and
Heuser (1948) it was first necessary to obtain standards for
comparison. One of thelr preparations was a charcoal treated
tryptic digest.of casein, consldered to be identical with
strepogenine. The other was an aleoholic extract of dried
whey treated with permanganate, considered to be similar to
or identical with APF. Since dried whey was not resdily
available and also since it was known that peptone was a good
source of microblal growth factors, this material was first

used to prepare both the fractlions described. The directlons
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in the reference cited were used except for the mentioned
substitution of starting materlisl.
The activity of the extracts was determined using Lacto-

bacillus casel. Amounts of 0.2 ml. of each of the extracts,

singly and combined, were made to a total of 5 ml. in
duplicate test tubes and 5 mle. of basal medium added, The
tubes were plugged, autoclaved 15 minutes at 15 1lb., cooled
and inoculated. After an incubation of [j0 hours the acid was
tltrated and the results obtained are shown in Table 20. For
the sake of convenlence the tryptie digest will be called

extract A & the zlecohollic extract, extract B. Repetition

Table 20

Effect of Conecentrates on Growth of L. casel

Material tested mls OelN NaOH
(everage)
0.2 ml. extract A 5.88
0.2 ml. extract B | 8.62
0.2 ml. each, extract A and extract B 9,05
Blank 5.83

of the same series using double the amounts of the extracts
gave the same results when growth was determined photometrically.
Further study of the activity of the extracts using still

larger amounts led to the results shown in Table 2l.
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Further Effect of Concentrates on Growth of L. casel

Material tested Photometer reading
(average)
0.5 ml. extract A 87.8
1 ml. extract A 76 .6
2 ml, extract A 66.1
0.5 ml. extract B 03.3
1l ml, extract B 92.9
2 ml, extract D 95.0
2 ml. extraet A and 1 nml. extrasct B 573
Blank 100.0

From these ex eriments it was coneluded that there was a
def'ini te atimulation of growth when both extracts were used
together., Extract ) may have been contaminated with some of
the factor present in extract B since amounts of extraet A of
O.l; ml. and lerger were highly stimulatory for L. casei even
when extract E was not added. Another possible explanstion
for these results was that the medium itself supplled the
csontaminating factor. The only component of the medium that
was not chemleally defined and therefore a likely source of
contamination was the casein hydrolyzate. Since the purpose
of the hydrolyzate was to satisfy the amino acld regquirement

of the organisms, it was replaced by a synthetic amlno acld
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mixture the composition of which is given in the section on
methods (page 30)e.

Repeated purification of the extracts did not substantially
reduce the Interfering substances. New extracts were thero-
fore made using vitamin free csasein and whey concentrate
following the procedure of Secott, Norris and Heuser (19l6)
and Daniel, Scott, Norris and Heuser (19,8). After several
purifications of the new extracts the activitises were tested

with Isctobacillus casel in the ususl manner. The dats in

Table 22 were obtalned from the test fermentstions. The

Table 22
Effect of New Extracts on Growth of L. casel

Material tested Photometer reading
(average)
0.6 ml. extract D k9.5
0.6 wl, extract C 81.0
Os6 ml. each, extract ¢ and extract D 58.5
1% yeast extract 76.3
Blenk 99.0

slcohollic whey extrsct was designated as extract C agnd the
trypsin digest of casein as extract D. Examlnation of the
results revealed the presence of an inhibifor in extract C
gince extract ¢ added to extract D produced less growth than

extract D slone. It was thought probable that some
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Intermedlate oxidation produet resulting from the permanganate
treatment was the csuse of the observed inhibition. To see
1f the inhibitor might not be destroyed by a mild treatment,
while preserving the growth factor, extract C was autoclaved
for 1 hour at 15 lb. The extracts were then tested with L.

casel and L. arsbinosus in the ususl way and the results

obtained are presented in Table 23. Some Interesting facts

Table 23
Effect of Extracts on Growth of Two Lactobacilll

Materlal tested Photometer Reading
(average )
L. erablnosus L. casel
0.6 ml. extract D 85.1 773
0.6 ml. extract C 5li.5 The7
0.6 ml. each, extract C and extract D 19¢3 ho.7
1% yeast extract 14.0 78.0
Blank 97 05 100.0

were revealed by an examination of the data. L. arabinosus

grew much better in the medium containing extract C than 1t
did in the one contalning extraet D whereas L. caseil which 1s
the sssay orgenism for strepogenin produced about the same
growth in both media. This would lead to the conclusion that

L. arabinosus does not requlre en external source of

strepogenin since this 1s consldered to be the factor present

in extract D. The asutoclaving apparently destroyed the
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inhibltor since extract C and extract D together produced
better growth than extract D alone.

A review of the work done with Lactobacillus casel and.

Lactobaclllus arabinosus up to this point disclosed that there

was evidence that at least two factors could be partially
fractionated using these organisms. The separation accomplished
in this way was by no means clear cut or even satisfactory

and the probability of developing a microbiological assay for
animel protein factor (APF) using either of these organisms

was not good. What was really required for the job was an
organism much more fastldious than these two which would not

grow at all in the absence of APF.

2§ Studies using Lactobacillus leichmannii

The stab eulture of lactobacilllus lelchmennil received

from the American Type Culiture Collection gave evidence of
very poor growth. Attempts to transfer to yeest extract
medium which was used to carry the previously studled lactic
organisms were unsuccessful. Peptonized milk wes tried next
88 a carrying medium but 1t too was unsatisfactory. By a
process of adding materigls that seemed llkely to contaln
necessary growth factors, a good carrying medlum was found.
The ingredients of the medium were: 1 per cent peptoniged
milk, 1 per cent yeast extract, 1 per cent glucose and 0.2

ml., Tween 80 per 100 ml. of medium. All of the ingredlents
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mentioned were necessary since a run omitting each ingredient
systematlcally produced poor growth in all tubes except those
containing ell of the listed materials. The basal synthetic
medlum used for Lectobacillus leichmannii 1ls shown in Table

2.

Table 2l
Synthetic Basal Medlum for L., leichmannii

Component Quantity
vitamin mixture | 15.0 ml,
amino acid mixture 80,0 ml.,
Tween 80 0.2 ml,
salts A snd salts B, each 1.0 ml,
adenine, guanine, xanthine and uracil, each 2.0 mge
sodlum acebtate 1.2 g
sodium ehloride 1.0 ga
ammoniunm sulfate 0.6 ge
glucose heO ge

Adjust to pH 6.7 and make to 100 ml.

A series was set up in duplicate using the following
supplements: 1 ml. extract D, 1 ml. extract C, 1 ml. each of
extract C and extract D, 1 ml. each of extract D and 1 per
cent yeast extract, 1 ml. each of extract C and 1 per cent

yeast extract and a blank. All of the tubes were made to a
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volume of 5 ml. and 5 ml. of the basal medlum added. The
tubes were plugged, sterilized and inoculated with a

sugpension of lactobaclllus leichmannlli. After incubation at

37° ¢. for 16 hours the turbidities were read in the photo-

meter and the values are shown in Tsble 25, The results

Table 25
Effect of Extracts on Growth of L. lelchmannil

Materlsl tested Photometer reading

{average) '
1 ml. extract D 16.3
1 ml. extract C 05.0
1 ml, each, extract € and extract D 20.5
1 ml. each, extract D and 1% yeast extract 6.0
1 ml, each, extract C and 1% yeast extract 77.0
Blank 100.0

indicated that extract D contalned considerable asmounts of
material acting like APF and extract C contained some
inhibitory substance due presumsbly to the permanganate
treatment.

In order to determine 1f the permanganate treastment was
responsible for the inhibition found, extract C was freshly
prepared according to the directions of Scott, Norris and
Heuser (1946) omitting the permangaenate treatment. For

comparison, yeast extract (Difco) was treated in the same way
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to produce an extract designated as extract E. The activities

of the new extracts were tested with L. leichmannii. Duplicate

test tubes containing 0.2 ml. extract D, 0.2 ml. extract C,
0.2 mle extract E, 0.2 ml. each of extract C and extract D,
0.2 mle each of extract D and extract E and a blank. The
test tube fermentations were carried out in the usual manner

and the turbidities obtained are recorded in Table 26. The

Table 26
Further Effeet of Extracts on Growth of L. leichmannil

Material tested Fhotometer reading
(average)
0.2 ml, extract D 51.5
0.2 ml. extract C 96.0
0.2 ml. extract E 91.0
0.2 ml. each, extract C and extract D 53.5
0.2 ml. each, extract D and extract E 26.0
Blank 975

results indicated that the inhibition was due to the whey
extract itself and not to the permanganate treatment.
Activity of the same type as produced by APF was obtalned
with extract E which wgs made from yeast extract, a material
known not to have APF sctivity in animael tests. It was
evident that substances other than APF were stlmulstory for
Le leichmannii. Further purification of extract D seemed
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necessary since it supported good growth of the test organism
when supplied as the sole supplement Lo the baaal medium,
After several treatments with norit A at pH 3.0, extract D in
smounts necessary to satisfy the strepogenin requirerent of

Le leichmannili would no longer support its growth without the

addition of a source of APF. This was deemed a satisfactory
purification of extract D.

At this time some crystalline vitamin By, was made
available through the courtesy of Werck and Company. Since
APF activity was obtalned in feeding tests with crude and
erystalline Byp, it was thought likely that crystalline vitamin
By, would be a good standard for an APF umleroblologlcal assay.
Even if' APF and By, were not ldentical the APF activity could
be expreased in terms of crystalline vitamin By, To
determine the useful growth range of the crystalline magterial
duplicate tubes containing 0, 0,001, 0.002, 0.004 and 0.0l ng.
of crystalline By, were prepared and O.2 mle of extract D
added to eachs. The fermentations were then cerried out in
the usual way and the results obtalned are shown 1n Table 27.
These data gave a good standard curve and this indicated that
the concentrations chosen in this run could be used in a
microblological assay.

In view of the suspected activity of substances other

than By, in stimulating growth of L. leichmannil several

materials were tested with this organism. Dupllcate tubes



ol

Table 27
Effect of Crystalline Vitamin By, on L. leichmannii

Run ng e Photometer reading
vitamin Bjo (average)
1 0.000 100
2 0.001 68
3 0.002 Sl
I 0.00l 39
5 0.010 35

containing Lh.8 ml. of tomato juice filtrate (obtained by
filtering commercial canned tomato Jjulce through ordinary
filter peper) and 0.2 ml. of extract D, .8 ml. of 10 per
cent yeast extract and 0.2 mle. of extract D, 0,02 ng. vitamin
Byo and 0.2 ml. of extract D and a blenk were prepared. The
solutions were made to a volume of 5 mi. and 5 ml, of basal
medium added to each. The fermentations were carried out in
the usual manner. Results of the experlment are presented in
Table 28. Tomato juice filtrate apparently hed no effect on
the growth of L. leichmannii, yeast extract had a definite

effect but was suboptimum and erystalline vitamin By2 produced
sbundsnt growth of the organism. Other experiments along the
game lines indicated that yeast extract in grester or smaller
emounts than 10 per cent, the amount used in this run, did not

incresse the growth stimulation to the level sttained by Bjp.
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Table 28
Effect of Several Substances on the Growth of L. lelchmannil

Meterlal tested Photometer reading
(average)

li.8 ml. tomato julce filtrate and

O0s2 mle extract D 101
l1+8 ml. 10% yeast extract and

0.2 ml, extract D 63
0.02 ug. vitamin By, and

0.2 ml. extract D 3l
Blank 100

This emphasizes the faet that the growth promoting substance
in yeast extract is different from vitamin By, and even at
optimum concentration can only partially replace Bjo.
Semples for a new run were prepared by digesting 1 ge
each of wheat bran, mold bran #8 and feed concentrate #i at
37° C. with 25 mg. each of takadiastase and papaln in about
50 wle of 0.5 per cent acetate buffer for 2l hours. The
digests were adjusted to pH 6.7, filtered and the bran sample
diluted to 500 ml, while the samples of #8 and #ili were
diluted to 1,000 ml, In duplicate tubes 1, 3 and 5 ml. of
each of the digests were made to a total volume of 5 ml. and
5 ml. of basal medium added to each. The composition of the
basal medium was the same as given in Table 2l with the
exception that 10 ml. of strepogenin concentrate prepared by

the method of Skeggs, Huff, Wright and Bosshardt (1948)
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replaced 10 nl. of the amino aeld mixture per 100 ml, of
medium, This modiflcation has been made in all succeeding
experiments. For comparison duplicates containing 0.8 milli-
micrograms of erystalline vitamin By, and a blenk were pre-
pared in an anslogous meanner to the ssmples. The test tube

fermentations were carried out in the usual way. Results

obtained for the series are shown in Table 29. Since the

Table 29
Effect of Extracts on Growth of L. lelchmannil

Material tested Photometer reading

(average)
wheat bran ho.2
mold bran #8 89.3
feed concentrate #hl 51.7
0.8 millimicrograme vitamin By, 72.14
Blank 100.0

dilution of the bran extract was about half that of #8 or
#ili 1t was really about half ss sctive as 1s indicated by the
figures, This behavlor of bran which was known not to have
APF potivity indicated again that there were stlmlatory

substances for the growth of L. lelchmannii that were nelther

AFF nor vitamin Bjpo.

Since thymidine and other desoxyribosides were found by
Kitay, MeNutt and Snell (1949) to stimmlate L. leichmennii
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it was considered possible that the anomolous effects obtained
with yeast extract and wheat bran were due to thelr desoxy-
ribonucleic acid (DNA) contents. If the DNA contents of the
tost materials could be evaluated independently by some
wethod such as the Dische test and then correlated with the
growth effect of known amounts of pure DNA on L. leichmannii

then thls growth effect could be deducted from the total
growth effect due to the materlal in question leaving the
effect due to APF or similar substances. An assay method
would then be availlable for APF 1f the DNA content of the
anomolously behaving extrects could account for the total
growth effect in'thase cases and not account for the effects
in the case of materials known to contain APF by animal
Teeding.

The effect on the growth of L. leichmannii of some

nucleic scids and derivetives was tested. Duplicate test
tubes were prepared conteining 0.5 mg. ribonucleic acid, 0.5
mg. desoxyribonucleic scid, 0.5 mg. adenylic acld and a

blank, These tubes were run through the standard fermentatién
procedure and the results obtalned are presented in Table 30,
These data show that adenylic acid was inhibitory while
ribonucleic acid had no effect snd desoxyribonuclelc acild

definitely stimlated the growth of L, leichmgnnii. This

confirmed the action of desoxyribonucleic acld and showed 1t
to be somewhat specific in that some closely related compounds

were Inactive.
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Table 30
The Effect of Nuclelic Aclds on Growth of L. lelchmannii

Materlal tested Photometer reading
{average)

0.5 mge. ribonucleic acid 85

0.5 mg. desoxyribonucleic acid 51

0.5 mg. adenylic acid 100

Blank 8y

One g. samples of bran, #8 and #);, were digested with 25
mg. pepaln and 25 mg. tekadlastase in about 50 ml. of 0.5 per
cent acetate buffer for 2l hours at 37° C. The digests were
diluted to 100 ml. and made to pH 1.0 with concentrated HCl,
Three ml. aliquots of each were pipetted into duplicate teat
tubes, the tubes placed in boilling water for 15 minutes and
ecooled. Duplicate tubes containing 0, 0.30, 0.90, 1.20 and
1.80 nmg. of desoxyribonucleic acid were also prepared so that
the volume of the solution in esch tube was 3 ml. at a pH of
1,0. The standards were then heated in boiling water for 15
minutes and cooled. Six ml., of Dische reagent waa added to
each tube and then all of the tubes were agaln placed Iin
boiling water. After 3 minutes the tubes were rapldly cooled
and allowed to stand for 5 minutes. The solutions were
analyzed in the photometer and the results for the standard
series were shown in Table 31, The polnts were plotted to

produce a standard curve from which the DNA contents of the
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Table 31

Standard Curve for DNA

DNA Photometer reading
N2 {(average)

0.00 100.0

0430 95.7

0.90 88.1

1,20 8lie3

1.80 7548

samples were calculeted.

Table 32. There was no corralation betwesen

Table 32

DHA Contents of Samples

The final results are presented in

DNA content and

Materlal tested Photometer reading DNA
{average) NZge DPEr e

bran 970 0.21

#8 970 0.21

#ily 98.2 0.12

Blank 100.0 0.00

the growth effect of the extracts on L. leichmannii. All

further attempts along these lines were therefore abandoned.

Another method of eliminating the interferences in the

L. leichmannil assay for APF was sought in the gtablilities of
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the factors involved. Aniwmal protein fector was destroyed by
autoclaving alkeline solutions of that msterial. Interfering
substances of an seid naturé such aes DNA should be stable to
such treatment.

A serles was prepared by digesting 1 g. each of bran, #8
and #ily with 25 mg. papain and 25 mg. takadiastase in about
50 ml. 0.5 per cent acetate buffer for 2l hours at 37° ¢,
The solutions were diluted to 1,000 ml., filtered and each
divided into two portions. One part was mede to pH 6.7 and
the other portion was tregted with 0.2 ml. of saturated NaOH
in the autoclave for 30 minutes at 15 1lb. pressure. The
alkeline sélutions were then adjusted to pH 6.7. Five ml. of
each of the 6 solutions was added to duplicate test tubes
already containing 5 ml. of bgsal medium. As a comparison a
solution of crystalline vitamin By, containing 0.l millimiero-
grans per ml, was prepared exactly as the samples and & blank
was also included in the run. The fermentations were completed
in the usual manner and the turblditles obtalned are shown in
Teble 33. The results show that only #jl, extract, containing
APF and the vitamin By, solution were affected by the alkallne
treatments. This suggests that an assay could be developed
on the basis of the RaOH treatments which would eliminste the
effect of the Interfering factors.

The possibility has been Indicated of developlng a micro-
blological assay method that would at lsast dlstinguish two
groups of factors. One group represented by DNA was stable
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Table 33
Effect of Alkall on Activity of Extracts

Materlal tested Photometer reading
—_ (average
Untreated NaOH treated
bran 6105 6008
#8 87.8 89.0
#l','h‘ 5205 88.6
By 39.4 99.0
Blank 100.0 * s

to alkalil treatment and the other group lsblle in the
presence of alkall. Since there was this complication,
however, of interfering substances 1t was deemed advisable
to investigate another organism known to be more fastldlious

in its requirements than L. lelchmannii. The organism chosen

for this study was Lactobacillus lgctis Dorner and thls work

is reported in the next section.

3. Studies using Lactobscillus lsctis Dorner

Lactobacillus lactis Dorner failed to grow on the
carrying medium prepared for L. leichmennii. A milk filtrate

was made by cosgulating the proteins in milk with aecid,
heating for 10 minutes on the steam bath and filtering.
Addition of 1 ml, of this filtrate per 100 ml. of L. leich-

mannii carrying medium allowed good growth of L. lactils.
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Preliminsry experiments showed that the synthetic basal

medium used for L. leichmannii could be adapted for use by Le

lactis by the addition of tomato julce filtrate and whey
extract. The whey extract was made by extracting 20 g. whey
with 200 ml. of distilled water for 15 minutes on a steam
bath. Four ml. of the whey extract and 2 ml. of tomato juice
filtrate were used per 100 ml. of basal medium.

One g. each of wheat bran, mold bran #8 and feed con-
centrate #4ly were digested with 25 mg. of papailn and 25 mg.
of takadlestase for 2l hours at 37° C. in about 50 ml. of 0.5
per cent acetate buffer. The sclutions were sll masde to a
volume of 500 ml., filtered and adjusted to pH 6.7. Duplicate
tubes conteining 5 ml. of each of the extracts plus a set of
blanks were prepared and 5 ml. of basal medium was added to
each., Sterilizestion, incculation and fermentation were
carried out in the usual manner using a culture of L. lactis
and incubating at 37C C. The results obtained after incubating

for 59 hours are shown In Table 3&. These data compare

Table 3l
Effect of Extracts on Growth of L. lsctils

Moterial tested Photometer reading
{average)

wheat bren digest 9.3

#8 digest 93.1t

#dy digest 13.4

Blank 96 01
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favorably with those obtained using L. leichmannili. Similar

results were found In several instances. As further experi-
nents were carried out with this organism, erratic behavior
of duplicate tubes was found. One tube might grow very well
end the duplicate would show no visible turbidity. This
tendency became s0 common that in spite of the promising
results obtalned In some of the runs, the use of L. lactis
was dropped from further consideration in this iInvestigation.
In order to follow the isolation of active fractions only a
qualitative or seml-.guantitative assay method was required

and sinee the previous work on L. leichmanni] provided such =

method this organism was selected for the frgsetionation. If
the cause of the erratie behavior of L. lactis could be
ascertained and corrected it would have value for quantitative

work.

e Procedures for the coneentration of animal protein factor

If animal protein factor were typleal of most growth
factors it could be found both in the uncombined form and
conjugated with protein. Both of these forms are known for
vitemin Bjp. Should APF present in feed concentrate #lli be
in the conjugated form, digestion with papaln would split the
combination. Sinee the properties of the complex might be
more sultable for lsolation purposes 1t was necessary to

investigate the extraction of sctive materlal before papain
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digestion as well as after.,

One g. each of wheat bran, mold bran #8 and feed concen-
trate #li were extracted on the steam bath for 15 minutes in
about 50 ml. of 0.5% acetate buffer. The extracts were made
to 50 ml. and of these 1 ml. aliquots were made to 20 ml,.

The remainder of the original extracts were digested for 2l
hours with 25 mg. of takadiastase and 25 mg. of papain. The
digests were diluted to 1 liter. Five ml, samples of both the
undigested sxtracts and the digested extracts were tested in

the usual way with Lactobacillus leichmannii. The results

obtained in the test tube fermentations are shown in Table 35,

Table 35
Effect of Extracts on Growth of L. leichmannil

Meterial tested Photometer reading
(average)
bran extract 98.0
bran extract after digestion 979
#8 extract 100.6
#8 extract after digestion 95.8
#il extract 95.0
#lily extract after digestion 05,46
blank 99.2

The conclusion that can be drawn from the data is that APF

was not extracted by the acetate buffer or was destroyed In
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the process of extraction since the extraect had no activity
before or after digestion with pepain snd teskadlsstase.

Since APF is destroyed by autoclaving with elkell this
method of extrsction could not be used, It was possible,
however, that the previous treatment did not extract APF
becsuse the treatment was not drastliec enough to release the
factor from 1ts combined form. A new run using 0.1N HCl and
autoclaving for 30 minutes at 15 1b. was made and the extracts
so obtalned were also insctive In growth studles with L.
lelchmannii.

Pive g. of #l; was extracted on the steam bath three

times with 100 ml. portions of 95 per cent ethanol adjusted
to pH 2.0+ The combined extracts were evaporated almost to
dryness on the steam bath and the residue taken up in 250 ml.
of 0.5 per cent acetate buffer. To 50 ml. of this solution
was added 25 mg. of papsin and 25 mg. of takasdiastase and
digestion was carried out at 37° C¢. for 2l hours. PFive ml.
of the neutralized extracts both before and after digestion
were tested with L., leichmsnnli in the ususl manner. No

stimlation with elther of the extracts was observed and it
. was concluded that the active material was not extracted or
was destroyed in evaporating off the solvent. In either case
alcohol extraction of Peed concentrate )i would not be use-

ful in concentration of the APF present.
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One g. of feed concentrate #lli was digested for 2l hours
at 37° C. in about 50 ml. of 0.5 per cent acetate buffer,
The solution was diluted to 500 ml. and duplicate samples of
1 ml, and 5 nl, were saved for enalysis. A 100 ml, aliquot
of the extract was treasted twice wlth 1 g. smounts of norit
for 15 minutes after adjustment of the extract to pH 2.0 with
concentrated HCle The filtrate was neutralized and duplicate
1 ml, and 5 ml. samples withdrswn for analyslis. All of the
samples both before and after norit treatment were tested in

the usual manner with L. leichmannii, The results obtained

after incubaticn for 19 hours are shown in Table 36. Growth
of the organlsm was stimlsted by the digests and in proportion
to the size of the sample taken indicatling thaet there were no
inhibitors present in the extracts. Norit was effective in
removing the actlive material from solutlon since the extracts
no longer stimlated growth after norit treatment.

The possibility that the sctive materlal was vitamin Bjj
or contained some B3 was tested by extracting digests of #ik
wilth ether. The water layer which was left had the same
activity as the orlginal digest when tested with L, lelchmannii.

The properties of the active material in #il. were such
that of the extraction procedures tried only enzymic digestion
with papain and teksdlastase was cgpable of bringing the
active component into solution. The APF activity could then

be removed from the solution by adsorption on norit.
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Table 36

Effect of Norlt Tregtment of Digests
on Growth of L, lelchmannii

Materisl tested Photometer reading
{(average)
1 ml, digest 8l
1 ml. digest, norit treated 08.5
5 ml, digest 6li.3
5 ml. digest, norit trested 101.2
blank 08.1

A larger scale digestion was made using 200 g. of #il in
2 liters of 0.5 per cent acetate buffer. The resultant
solution wss treated four successive times with 20 g. of
norit. The norit was eluted with five successive 100 ndl.
portions of smmoniacal alecohol (90 ml. 95 per cent alecohol
and 10 ml, concentrated ammonia)e. The eluate was evaporated
to near dryness snd then taken up in 100 ml, of distilled
water. Appropriate amounts of the original digest, the
Flltrate after norit trestment and the final solution were

tested with Le leichmannii. The actlvity present in the

original digest was removed by the norit treatment as expected
but the eluate wes Inscetive. This could have been due to

elther o fallure to elute the APF or to destruction of APF in
evaporating down the basic solution. Repetitlon on a smsller

scale and elution with neutral but hot 65 per cent sleohol
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led to recovery of an active concentrate. The scale of
operations necessary to recover crysﬁalline mgterlal would
require several tons of c¢rude material and facilities for
processing such quantities. The necessity of using such
guantitles can be seen from the fact that the activity of

#iy expressed in terms of crystalline vitamin By, was roughly
0.2 uge of Bjo per ge Assuming complete recovery in all
stages of purification this would mean processing about 5.5
tons of #lili to get 1 ge of crystalline material., Such

operatlions were not feasible cn a laboratory scale.
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VIi. DISCUSSION

Evaluation of the growth promoting properties for
bacteria of any material can be accomplished in two ways. A
complete quantitaetive survey of the vitamins present in the
preparation could be made. In this case knowledge of the
requirements of any organism would immediately show whether
the meterisl in questlion was suitable for the fermentation
beling considered and just how much of it would be necessary.
The other alternative 1s to test the materlal in the specific
fermentation as a composite source of growth factors. This
procedure 1s the simpler but has limitations. Knowledge of
only one specific fermentation 1s obtained and sometimes this
may be ambiguous. If the material being tested contains only
small amounts of a required vitemin, the quantity needed to
glve satisfactory results may be extremely large. If complete
quantitative informatlion were avallable a small amount of a
secondary supplement might allow mueh smaller quantities of
the material to be used with subsequent economy of operation.
The first approach was chosen in the present study because of
the advantages mentioned above,

Although i1t was not necessary for the purposes of this
investigation to develop more than a semlequantltative assay

for animsl protein factor, sufficient informetion was obtained
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to suggest the basis for a strictly quantitative method. The
destruction of vitamin By, and APF by autoclaving with alkall
provides the means by which the interference iIn the assay of
desoxyribonuclele mcld and simllar compounds can be eliminated.
The procedure would necessarily be more complex than in the
usual microblologiecal method but would still retain most of
the adventages of this technique., PFirst the samples to be
anglyzed would be autoclaved with NaOH and the extracts so

obtained tested with L. leichmannil using pure desoxyribo-

nuclelc acid as a standard. This would essentislly be a
determination of the DNA content of the sample. Next the
sanmples could be tested wlthout alkall treatment using
standards which all contain the corresponding amount of DNA in
addition to varying amounts of erystalline vitamin By, Since
the standards would sll have the same amount of DNA as the
samples the differences in the growth of L. lelchmannil could

in each case be attributed to APF or vitemin Byoe Had the

colorimetric procedure for determining DNA been satisfactory
"this would have been sble to replace the step involving NaOH
treatment with the second step remaining the same. The
method suggested really amounts to an independent determina-
tion of the desoxyribonuclelc acid content of the substance
to be tested and incorporation of corresponding amounts of
pure DNA in the standards so that Byp or APF are the only
variables. A criticel survey must also be made of the basal

medium to make certaln that it is optimum and of the alkall
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treatment to determine the conditions for the most complete
destruction of APF and vitamin Bjo.

Further work along lines similar to those slready sug-
gested could be carried out., It 1s probable that organisms
could be found that require APF or Bjo but not DNA. This
would eliminste the interference of DNA observed using L.

lelchmannii for wleroblological assay of APF and vitamin Bj,.

Since Byp 1s known to be a pyrrole derivative 1t 1s poasible
that some hemophillic organisms require vitamin By, or APF.
Aercoble culture of lactobacilli by means of shaking might
prove useful sinece it is known that L. leichmennii does not

require By, under striectly anaeroblc conditionse.

In all of this discussion the identlty of APF has not
been consldered, It is quite probsble thet APF 1s elther
identical with vitamin By, or very simllar to it. This
statement 1g made in view of the simlilarity of properties
observed for APP as compared with the known propertles of
vitamin By,. 1In any case assay values for APF can be stated
in terms of erystalline B;, since this is a convenient
standard sand does not Imply anything regarding the structure
of APF. £ solution to the problem of ldentification awalts
the processing of large amounts of the crude material teo
obtain pure crystalline mgterial. The magnitude of this job
may be judged from the fsct that Smith (1948) used four tons
of ox liver to produce one gram of a highly active concentrate

of vitamin Bjo.
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VII. SUMMARY AND CONCLUSIONS

le The vitamin content of four samples of mold bran and
one sample of bran as a control was determined using micro-
blological assay methods., The results obtained are summariged
in Table 37. The inecreased ylelds in the alcoholic fermenta-
tion using mold bran as the saccharifying agent iInstead of
malt eould be explained on the basis of the vitamin content
of the mold bran.

Table 37
Vitamin Content of Mold Bran

Vitamin | Nge DOY e {average)
bran mold bran
rivoflavin I8 20.0
nicotinic acid 300,0 113.0
blotin 0.35 0.59
pantothenic acid 66.0 12.3
thiemin Lie? 2.9
folic aeid 0.53 1,51
pyridoxine 3.6 0.8

inositol 256,40 160.0
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2e Usling lactobamcillus casel and lLactobacillus arabinosus

as test orgenlsms, a definite stimulation of growth was
obtained with preparatlons known to have animal protein
factor activity. The requirement of these mieroorganisms for
animal protein factor was not absolute and as a consequence
considerable growth was obtained in blanks even after incu-
bating for 16 hours. Animal protein factor was apparently
synthesized slowly by the organlisms since the blanks continued
to grow and after 72 hours approached the growth of the
tubes containing the most concentrated extracts. These
organisms are not recommended for the assay of snimal protein
factor or simllar factors.

3« A siwple carryling wmedlum containing yeast extract,
peptonized mllk, Tween 80 and glucose was developed for
Lectobacillus leichmennii. A basal medium for growth factor

studies was slso deseribed. This orgenlsm was found to
require animal protein factor or vitamln By, and was later
found to be responsive to desoxyribonucleic acid and desoxy-
ribosides as well., The latter group of substances inter-

fered with the use of L. leichmannii in quantitative assays

for vitamin By, or animal protein factor. Two methods of
eliminating the interference were tried. The flrst was a
colorimetric determination of desoxyribonucleic acid using
the Dische resgent but the shades of color varied with the

sgmples and no useful informatlon was obtained. The second
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method was successful and involved destruction of animel
protein factor or vitamin By, by autoclaving with alkall.

Lactobaclllus lelchmannii 1s recommended for assay methods to

determine animal protein factor and vitamin Bys.

s Lactobacillus lactis Dorner was studled in an effort

to find a more fastidlous organism than those previously used.
It was hoped that the interfering substances might not affect
the use of this organism, Although some favorgble results
were obtalned the response was so erratic that the use of
this mierocorgeanism had to be abandoned,

5. The enimal protein factor activity present in feed
concentrate #lJ; could not be extracted by steaming in
scetate buffer. Auvboclaving wlth O.1N HC1 falled to extract
eny active material from the sclid feed concentrate. Also
unsuccessful was extraction of #l; with 95 per cent ethyl
alcohol followed by evaporation to dryness and redissolving
in distilled water. The only method by which the active
materlal could be released from its conjugated form was by
digestion with papeln and takadiastase. The animal protein
factor gpctivlity was removed from the digests by norit.
Elution of the factor from norit was either unsuccessful in
smmoniacal aleohol or else the faector was destroyed in
evaporating the alkaline solution. The factor could be
eluted from norit by hot 65 per cent ethanol. Lactobacillus

leichmennil was used to test the activity of all of the

extracits nsde.
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