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INTRODUCTION

In 1926, Minot and Murphy reported that liver could
be used to treat persons suffering from pernicious anemla,
Twenty-two years later the active curative agent,
vitanin Byy, was isolated. This substance proved to be
more Ilmportant than haﬁ’baan expected and is one of the
most potent biological substances ever discovered., It not
only alleviated the symptoms of pernicious anemia but it
proved to be the substance present in animal tissue, known
as the "animal protein factor", whieh enhanced the growth
promoting properties of vegetable feeds,

The discovery that vitamin By2 is & growth factor
required for certain microorganisms resulted in the devalap;
ment of a very sensitive method of microblologleal essay.
However, two factors made the vitamin Byp problem more cam;
plex than studles on erystalline vitamin Byp would indiecate.
First; only parenterally administered liver extracts or
vitamin By, were érfaetiva in the treatment of pernicious -
anemia. When this vitamin was given orally, gastric julce
or gastriec mucosa had to be present. It is believed that
there is some substance present in gastric julee which ia
necessary for the alleviation of pernicious anemia. Castle

named this substance the "intrinsic factor", an unknown



heat-labile substance, perhaps & protein.

S8econdly, although all animal tissues contain vitamin
By2s the assay of these protein materials is very difficult
because drastiec methods designed to destroy the structure of
proteins must be applied to obtein solutions which can be
accurately analyzed for vitamin 313 content. In faet, no |
entirely reliable method has yet been found. In bacterial
assay proteins appesr to bind vitamin 312 or Iinterfere with
its action in some way, as do substances extracted from
stomach mucosa. It 1s not known whether there exists any
relationship between the intrinsic factor and protein
binding of vitamin B,,. However, it is to be expected that
the binding of proteins by vitamin Byp will have aignifié
cance in its metabolic functlons. Vitamin Byo 18 so
intimately assoclated with protein materials that it is
doubtful that it would act &8 a single entity in metsbolic
systems. Some substance, protein in nature or closely
allied to protein, may well be & part of an agtive vitamin
Byo complex.

This study was initlated to gain a better understanding
of the significance of vitamin B,, binding in tissue by
studying the effeects of protein materials upon the growth
of Lactobacillus leichmannil in the presence of vitamin B,,

with the hope that some information about the protein-~
vitamin B,, linkege might be obtained.



REVIEW OF LITERATURE

Chemistry of Vitamin By,

The isoclation of vitamin By, from liver occurred
simultaneously in the Unlted Btates and England. In the
Merck laboratories the method for determining the concen~
tration of vitamin Bya in liver extracts was based upon the

need of Lactobacillus lactis Dormer for the antipernieious
anemis prineciple as a nutrient. The British sclentists,
who used the more difficult assay method, the treatment of
pernicious anemie patients, isolated the same compound.
Another aid to the isolation was the development of a
characteristic red color in the solution during the puri-
fication process. The isclation and characterization of
vitamin Byp have been discussed in several reviews (47, 66).

The structure of the vitamin Bjp molecule has not yet
been established but & strueture has been proposed to
explain the linkages between the products obtained by
cleavage. Depending upon the conditions of acid hydrolysis
there are obtained two residues of 1«m&no-2;;gx‘opanul ;s &
ribotide or riboside of 5,6-dimethylbenzimidazole and
l-g-D-ribofurancse, or the free base, and a cobalt compound.
Thease {ragments may be joined together according to the
following diagram (4).
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Brink, Kuehl, and Folkers (16), who showed that vitamin
Byp was & eyanide complex, suggested that the name eobalamin
be given to the part of the molecule which is attached to
the cyanide group. Vitamin Byp would then be called cyano-
cobalamin, The ecyanide group was replaced by a hydroxyl
group in acid hydrolysis (16), catalytlic hydrogenation (68),
or photochemieal reagtion (110} to glve hydroxocobalamin,
vitamin Byog. |

Vitamin Bjpy, was isolated from the fermentation liquors
of Streptomyces aureofaciens and from liver (84, 85). This

vitamin has now been proved to be identical with vitamin
By2a (67, 116). The aquocobalamin eation / cobalamin 03a;§
probably exists in solution since the speotral shifts
ébaarv&é fcrkvitamin Byoy ané‘itu,baaia properties fail to
account for a formula having only hydroxyl in place of
oyanide ion (16, 17). An equilibrium between aQuocobalsmin



B
cation and hydroxocobalamin in solution depends upon the
pH, The aquocobalamin cation reacts with the anlons cyanide,
nitrite, and thiocyanate to ramm'nanmdisseciabln neutral
compounds. Basic ionic compounds, salts of aQuocobalamin
cation, are formed with sulfate and chloride. Acidic com-
pounds contain sulfite or two cyanide lons. The latter
.aamyaunda are unstable (35, 36, 69, 101, 113).

Cooley and co-workers (35) have replaced the non-ionic
hydroxyl group of aquocobalamin catlion by basic ligands such
a8 ammonia or histidine. They call these compounds
cobalichromes. In this type of compound may lie the answer
to the combined form of vitamin Bjp in natural materials
{91, 116). In the assay of ammonia cobalichrome its growth
activity varied widely with the species used. It may be of
interest to mention the preparation of histidine cobali-
¢hromes (35). One mg. of ggfhiakidinn was added to a
solution econtaining 1 mg. vitamin Bypy in 250 pl. The
mixture was submitted to paper éhrematagraphy uaing
secondary butyl alecohol saturated with water as the develop-
ing solvent. AQueous eluates of histidine cobalichrome
were obtained whiech had a characteristic absorption spectrum
and appeared to have & miercbiological asetivity towards
E. coll of the same order as vitamin B;,.

Gnmgaunds of vitamin Byp with more than two groups are
known. Alicino (1) prepared an orange salt of the unchanged
vitamin containing six perchlorate groups. This revealed
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at least six weakly basic groups in the vitamin Bjo molecule.

None of the degradation products of viteamin Byp, are as
active blologleally as the vitamin itself. Sechlindler (93)
obtained a crystalline mcid containing cobalt and phosphorus
from vitamin Bys by hydrogen peroxide treatment in weakly
basie solution. Its absorption spectrum was identical to
that of vitamin Bjp and it had 20 to 40 per cent of the
activity of vitamin Byp. Beiler, Moss, and Martin (10),
however, obtalned a substance having inhibitory action upon
the grbwth of L. leichmannii and whieh seemed to be apeci-
fleally entagonistic to vitamin Byp. Hydrogen peroxide

treatment in acld solution was used.

Dion, Calkins, and Pfiffner (46) have isolated a com~
pound, pseudovitamin Byp, from cultures of a bovine rumen
organism, Thias molecule contains adenine in place of
5,6-dimethylbenzimidazole. It is a growth factor for bae-
teria but not for rats or chieks (41). The ecompound, vita-
min Bypzp reported by Lewls, Tappan, and Elvehjem (75) may be
a s3imilar compound. ,

It can be seen that the chemiastry of vitamin By, is
very complex but a solution of its structure will probably
help to reveal the nature of its bilological activity..
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The Intrinsic Pactor

The concept of the intrinsic factor and extrinaie
factor (vitamin B,p) was postulated as & result of the
expériments of Castle and his co-workers with the gastric
gontents of normsl humans and those afflicted with perni-
cious anemia (23, 25, 27, 28). Liver therapy created a more
normal blood composition and alleviated the neurological
symptoms, but it failed to restore hydrochloriec acid and
pepsin to the stomach. In addition, a deficiency of hydro-
chloriec acid occurring in other diseases sometimes caused
pernicious anemia to appear.

Castle (23) found that the contents of a normal stomach
would cause remission of the symptoms of perniclous
anemia. A healthy subject was fed 300 grams of beef muscle.
The digest was regurgitated in an hour, the pH adjusted to
approximately 3 with hydrochlorlce acid, and the material
incubated for various periods of time up to 30 hours. It
was then put through a fins sleve, adjusted to pH 5.0 or
higher, and fed to a fasting patient. The results of fea&é
ing this mixture were similar to those obtained when liver
was fed (28, 78). Neither beef muscle nor gastrie juice
was effective when fed alone. The substance found in beef
and other foods was called extrinsic factor end the heat

labile substance found in gastric julce and gastric mucosa
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of swine was termed the intrinsic factor (25). These fac-
tors were effective even when fed 6 hours apart. Mixtures
were ineffective unless the pH was brought to 5 to 7 @etor&
feeding. Furthermore, the hematopoletic principle pro-
duced in the incubated mixtures could not withstand heat
{26)., However, Klein and Wilkinson (72) found that an
alcohol precipitate of the press julce of hog stomach incu-
bated with beef muscle was active after it was heated to
60 to 65° ¢. After vitamin Byp was isolatad from liver, it
was established that it was the anti-anemla factor and the
food extrinsic factor (11, 12).

Evidence that the intrinsie factor is a substance that
is necessary for the absorption of vitamin Blg‘hau been
sccumulated (112)., BSince liver extracts and erystalline
vitamin Byp were effective therapeutic agents when injnaba&,
but vitamin B,, in the dlet was not, the lntrinsic factor
had to be responsible for the absorption of vitamin Bype
Th@ tissues of untreated pernlicious anemis patients do not
contain vitemin B,, (51) and excessive amounts of paren~
terally administered vitamin Byp 8re excreted in the urine.
Continuous feeding of vitamin Byp to humens or s single
massive dose results in vitamin B;z being exereted in the
feces (29). This was confirmed by feeding vitamin By, con-
taining radlosctive cobalt-60 to rats. Almost all of the
radiﬂaabivitf was present in the feces (30). It is be-

lieved, therefore, that the intrinsic factor is responsible
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for passage of the vitamin through the cells of the intes~
tinal mnaé#a {92).

All claims made for the identity of the intrinsic fac-
tor have been disproved. Gastric aminopolypeptidase has
no activity; its concentrates presumably contained intrinsiec
factor as an lmpurity (92). Lysozyme from egg white was
reported to cause the remlission of the symptoms of perni-
ecious anemia (77). However Hall {55) showed that & complex
of egg lysozyme and vitamin By, had no greater activity
then an equivalent amount of the free vitamin., Glass and
associates (52) have 1solated a crystalline gastric mucopro-
tein from gastric julee by alechol, acetone, and isoelectric
precipitation., Daily oral doses of 50 to 100 mg. had to be
given to patients with pernicious anemla In relapse in
order to induce remission. Weleh and Heinle (112) pointed
out that they, in collaboration with Castle and his asso-
clates, have obtained hematologlc responses with as little
as 0.6 mg, daily of a fraction obtained from gastric julce.
The role of gastric mucoprotein in perniclious anemia remains
uncertain, | o

Concentration of intrinsic factor activity from pewF
dered hog stomach (Ventrioulin, Parke Davis and Co.) has
been accomplished. Extraction with a 2 per cent solution
of sodilum chloride, adjustment to pH 9.0, removal of inert
material at pH 1.5, and fractional precipitation with ammoni-
um sulfate at pH u.S separated the activity from large
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amounts of inert material. From approximately 50 g. of
powdered stomach fraction A {210 mg.) was precipitated by
35 per cent saturation, fraction B (15 mg.) by 55 per cent
saturation and fraction € (570 mg.) by full saturation.
Fraction B was the most active hematopoietliocally (87).
Intrinsic fastor activity also can be precipltated from
gastric julece by hall saturation with ammonium sulrata‘(59,
112). |
Recently evidence has been presented for an extra-
gastrie intrinsic factor. Lajtha (73), using bone narrow
cultures, found that vitamln Byo did not affect the matura-
tion of megaloblasts unless a small amount of sterile fil-
tered gastrie julece was present. An inhibitory factor was
found in pernleious anemla serum and cerebrospinal fluid
which reversed the reaction. The inhibitor could be
counteracted by a mixture of vitamin By2 and gestric
Ju&ea‘(ha, 108), Horrigan, Jarrocld, and Vilter (64) in-
stilled vitamin Byp directly into the marrow cavity and
found that it was effective in pernicious anemia contrary to
the findings of Lajtha. It should be mentioned that folle
acid and citrovorum factor also were included in the tests.
These vitamins are assoclated with vitamin By, in many of
its mat&belia reactions, but they will not be discussed
here, The findings of Lajtha (73) suggest that the intrin-
sic factor converts vitamin By, into an active form, |

Ress {90) has shown that vitamin Byp Injected into the
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blood appears to circulate in a form which 1s unavallable
for mleroorganisms until the vitamin Byp is released from
the diluted serum by heating at 100° ¢. for 1 hour. Whether
or not this represents a gombination with an intrinsic fac-
tor like substance has not yet been determined.

Experiments on the vitamin Bjp-intrinsiec factor com-
plex have yielded confusing results. Progress ls slow
because humans are used for the assay. Hsall and associates
(56) found that extracts from hog mucosa incubated with
vitamin Byp and then heated to 100° C. were still hema-
topoletically active. Bethsell and associates (1li) later
found that they could treat the mixtures with trypsin at
pH 8.0 and heat the digest to 100° C. for 10 minutes without
loss of aahiviey‘ They also confirmed the report of Castle
and Ham (24) that intrinsic factor extracts and vitamin Byp
could be glven either simultaneously or from two to six
hours apart. Berkefeld filtered gastric julce was also
found to be & potent source of intrinsiec factor (57). Wolf
and assoclates (119) studied the absorption spectrum of
vitamin Byp added to gastrie julce from pH 2.0 to 7.0 and
found no change in the absorption spectrum of vitamin Byp.
All studlies on the gastric intrinsic factor now indicate
that vitamin Bjp cannot pass through the intestinal wall
until 1ts physical or chemiesl nature has been changed by
the intrinsie¢ factor. In this respect Castle's ériginal
theory has not been changed.
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Weleh and associates (1ll) have developed an assay for
intrinsic factor concentrates based on the absorption of
vitamin Bj2 in the intestine. Patients are given radio-
active vitamin Byp labeled with radloactive cobalt-60, When
no intrinsie factor is present, 70 to 95 per cent of the
redionctivity is excreted in the feces., When gastric julce
or hog stomach extracts are givén, éniy 5 to 30 per cent
of the radiesetivity occurs in the feces.

Absorption of vitamin By, by bacteria in the upper
gaatreQinhaatinal tract was once believed to be a cause of
perniclous anemla. 1In the absence of hydrochloriec acild
there is a coplous growth of bacteria. Lichtman, Ginsberg,
and Watson (76) fed aureomyein along with vitamin By, and
noticed an improvement of the patients. However, Ungley
(109) who removed organisms f{rom the intestine by washing
segments of it found that vitamin By, was not absorbed
afterward. It appears that bacterial absorption mey only
augment the severity of the disease.

It is of interest to note that in diseases which cause
degeneration of the hydrochloric aaideraéuaing cells of
the stomach, perniclous anemla may sometimes occur. Also

a megaloblastlc anemia appears in individuals infected

with the fish tapeworm, Diphyllobothrium latum, presumably
because elther vitamin Bjp or intrinsie factor is destroyed
by the worm since the worm must be expelled before the

anemia responds to vitamin By, and the intrinsie factor (U11).



Vitemin By, Binding

The reaction of hematopoietic factors with micro-
organisms has become the basls for two methods of assaying
vitemin By, and/or vitamin B;,-binding substances. Growth
of microorganisms which require vitsmin B,, among their
nutrients may be measured. The organisms being used are

Lactobaeillus lactis Dormer (98), Lactobacillus leichmanii,

{99), Euglensa gracilis (65}, and a mutant strain of
E. coll requiring methionine and vitamin Byp (13, 42).

The resting cells of several types of bacteria will
absorb vitamin By, and it can be recovered by washing the
eells under certaln conditions. Oginsky (80) has studied
the upteke of vitamin Byp by E. coll. The wild type and a
mutant atraln both rapildly absorbed vitamin By, labeled
with cobalt~-60 and the binding resisted simple slution.
Cells had a finite capaclity proportional to the cell weight.
Davis and aawwgrkmva (43, Lli, 45) heve studied the uptake
of vitamin 313~G@$9 by resting cells of L. lelchmannii.

There are many facets to the problem of assaylug
materials for vitamin Byp due to the presence of inhibitors
and other growth producing substances wh&dhAaubsiituta for
vitamin Byp. As indicated above absorption on cells or
other protein materials makes assaying of vitamin Byp d4if-
fieult. A discusslon of some of these growth factors is

presented under mierobilological assay and covered in
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several reviews (47, 113).
Ternberg and Eakin (107) were the first to propose
that there is a substance in normal gastric julce which

unites aﬂa»wwwassaaae&ww% with vitamin By, so that the lat-

ter is unavailable for the growth of the mutant of E. coli

that requires vitamin Bys. This substance rendered the
4»¢§5uﬁ,§n§rm»@w%mﬁwwe. The complex could be destroyed by
heating so that vitamin By, was available waw bacterial
growth., They claimed that the vitamin Bjo-binding substance
was the ﬁﬁaxwauwa,wﬁa@awﬁ This olaim has aroused a contro-
versy which has not yet been resolved. FPrusoff and asso-
clates did not find bacterial growth »ywwa»awﬁm,azwuawaeem
in their most hematopoletically active substances (112).

E. Hoff-Jérgensen (61) showed that cells of E. coli,

isolated from a patient with pernicious anemia falled to
absorb vitamin Byp when an extract of desiccated hog stomach
was added to the medium., Shaw (96) prepared an extract of
the entire small intestine of swine which inhibited the
mierobiological activity of vitamin Byp. In addition to
the inhibitor this materlial contalned non-dialyzable growth
factors and a complex of vitamin Byp-like material which was
disscclated by boiling. Added vitamin Bjp was not com-
pletely recovered by heating.

Experiments designed to correlate bacterial inhibition
with intrinsic factor aetivity have been carried out by
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Burkholder (21, 22). Bacteria isolated from jejunal juice
of pernicious anemia patients were tested for their ability
to absorb vitamin Byp. Those with the most absorptive

power were grown on & medium containing inorganic salts,
glucose, and asparagine at pH 6.8. The cells were collected
and resuspended in a medium aaﬁtaining vitamin Byp and
gastrie julee or extracts of hog mucosa. These latter sub-
stances prevented the absorption of vitamin By, by the
bacteria. Unabsorbed vitamin Byo, was measured micro-
biologieally in the following mse
¢oli requiring vitamin Byp. The cells were removed and the
medium was heated to destroy the vitamin 812§binding sub-
stance after which the vitamin By could be assayed. The

nner with a mutant of E.

intrinsic fastor concentrates were prepared by extracting
dried hog stomach and fresh pylorle muaaaa. Zine-ethanol
rakgﬁnﬁ was used to preclplitate the proteins according to
the method of Cohn and assoclates (33). An inhlbitory aectl-
vity of 190 mug. vitamin Bjp per mg. protein was obtained
upon analysis. Ensymatic digestion of mucosal extracts
was also performed to da%a#mina whether proteolysis would
assist the concentration of vitamin Byp-binding substances.
Papain and trypsin were wlthout effect whereas pepsin caused
a slight inecreasze in binding activity. Hematopoletic
activity of the extracts has not yet been reported.

Spray (104) found a vitamin By binding factor in
gnstria'juiaa which was only partlally relessed from



vitamin Bjz by heating to make it avallable to bacteria.
These heated extracts however, did not potentiate the aetion
of orally administered vitamin By in a patient with un-
treated pernicious anemis. He concluded that the binding
rﬁetor was not xéautie&i with Castle's intrinsiec factor.
The factor was more stable in neutral than in acid solutions.
ﬁ‘haaﬁylabila vitamin Byp complex was found in rat
feces. Warm water extracts of feces were heated to 100° cC.
in order to obtaln maximum vitamin Bjp sotivity for
Lagtobacillus lactis Dornmer (83).

Gregory, Ford, and Kon (53) found that aow's milk con-
tained a vitamin Byp-binding aamp@nént whiech survived heat-
ing at 100° C. for 30 minutes. It was destroyed by auto-
claving at pH 12.0, but was stable at pH 7.0 unless a trace
of cyanide was present. Vitamin By, was not dialyzable.
The binding substance was not ultrafiltrable and was inacti-
vated by papain digestion. Fractionation of whey proteins
was done according to the method used by Prusoff and aaso;
clates (87) for intrinsic faector. Vitamin By, eould be
dlalyzed from cow's milk but not from sow's milk.

Baarsteohar\&n& co-workers (5, 6, 7,‘8, 9) have pub-
lished several papers on a vitamin Bjp binding substance in
saliva and subét&nasa related to or identical with the
intrinsic factor of the stomach. This work has been poorly

defined and cannot be evaluated here.
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Bird and Hoevet (15) studied the vitamin By,-binding
ability of a wide variety of proteins which included intrin-
gsic factor @eméantr&tas, lysozyme, soy bean globulin, egg
albumin, urease, and blood globulin. Inhibition of growth
of L. leichmannii in the presence of viﬁmnxn Byp was used
as the method of analysis. Intrinsie factor concentrates
and lysogzyme were the most potent; the other proteins were
practically without sffect. In dlalysis experiments
vitamin Byp could not be separated from intrinsic factor
concentrates, but could be easily dialyzed from lysozyme.

The vitamin Byp content of blood has recelived a con-
slderable amount of study sinece the comstitution of blood
genersally indicates the nutritional status of tha animal.
The report by Ross (90) of vitamin Byo~binding by serum
which 1s released upon heating has already besen mentioned.
A paper-electrophoresls technique is being applied to serum
in order to separate the vitamin Bjp-binding component but
no results of these experiments have yet been reported (T74).
Some workers claim that vitamin Byp can be dlalyzed from
plasma (34, 121). Rosenthal and Sarett (89) made studies
upon the release of vitamin By by heating. A one to ten
dilution of serum heated at 1009 ¢. for 30 minutes with one
per aanﬁ acetate buffer at pH 5.1 gave consistent results
with L. leichmannii. Heating for periods of 5 to 120 miné

utes did not alter this value. Recovery of crystalline
vitamin Byp by this method was possible. Dialysis did not
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releass vitamin By, from the serum and it was found that
additional smounts of the vitamin also could be bound. In
whole blood the concentration of vitamin Bjp appears to be
greater in the cells than in the serum.
,&tv&ral,inwaatigatara (3, 39) have found that aniy
enzymatic digaatian would release all of the vitamin Byp
for bacterial assay. Enzymatic digestion of liver extracts
was one of the steps used in the isolation of vitamin Byp
from liver. No process has yet been deseribed for the
isolation of vitamin By, rram-livér in whieh no proteolytic
enzyme is used. Wijmenga, Veer, and Lens (116) found that
potassium cyanide would replace proteolysis as it apparently
removes a protein or yepti&a group originally linked to the
vitamin By, molecule. Conjugated forms of vitamin By, with
histidine, ammonia, and peptides have been reported (35).
There are a large number of papers on the preparation
and assaying of protein materials for vitamin B,,. A
variety of enzymes have been used. One difficulty with
enzyme preparations is that they contain vitamin Bjp or
growth faectors substituting for vitamin Byjp. Papain, pan;
creatin, and trypsin have been sommonly used. Cyanide ion
has been shown to havn}an enhaneing effect upon vitﬁmin Byo
and 1ts derivatives assayed with lactobacillus lactis (37).

Cyanide has been used in the extraction of vitamin By, from
tissues (31, 38, 58), the adventage over enzymatic pro- |

teolysis being that no contaminating substances are added.
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Heat treatment of tissues has been a satisfactory method in
some cases, At the present time the wide range of properties
ascribed to vitamin Byp,-binding substances and the methods
necassary for their destruction indicate that many vitamin

Byp conjugates exist.

Microbiological Assay of Vitamin Byp with L. leichmannii

8ince the mieroblological assay of vitamin By, plays an
important part in this study, some of the problems involved
should be discussed. The difficulties encountered with
this organism are legion due to the fact that it as well as
other ones used for the assay of vitamin By, do not have a
specific reqQuirement for this vitamin, The envirommental
eonditions, therefore, must be carefully controlled so that
growth oecurs only when vitamin By, 1s present. No attempt
rwill be made to present a review of the microblological
assay of vitamin Bjo; only the pertinent facts will be dis-
cussed here, A review of microblological assay methods for
vitamin Byp 1s presented in Vitamin Methods (54).

Skegge , Huff, Wright, and Bosshart (99) suggested the
use of L. leichmannil 4797 for the sssay of vitamin Bjo.
Hoffmann, Stokstad, Franklin, and Jukes (62) used L. leich-

mannii 7830, another strain which had a similar requirement
for vitamin Byo.
Snell, Kitay, and MoNutt (103) found that thymidine was
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a growth factor for L. leighmannil, but others (62) found
that it could be replaced by vitemin Bjp. It was soon dis-
eovered that a large number of purine and pyrimidine deﬁiﬁ
wahivaa could replace vitamin Bjp. Kitay, MeNutt, and
Snell (7&} showed that thymine, adenine, hypoxanthine, and
eytosine desoxyribosides and desoxyribonueclelic acids were
equally effective in promoting growth. Using paper chroma-
tography, Winsten and Eigen (117, 118) found six entities
in vitamin Byp concentrates capable of supporting growth,
and this was confirmed later by Smith and Cuthbertson (102).
Shive, Sibley, and Rogers (97) found that nucleotides could
be used to replace vitamin Byp. Skeggs and assoclates (100)
elaimed that the effect of thymidine was enhanced when
ascorble acid was added to the medlum or when ailr was
removed by autoclaving. Kitay, MeKutt, and Snell (71)
suggested that the growth enhancing effect of ascorble acid
was due to hydrolytic products of nucleic acids present in
casein digests. This was confirmed by Weleh and Wilson
(115) who isolated some nmgisaai&aa from the hydrolyzed
casein., Elimination of these growth factors from the medium
was finally brought about by substituting amino aclds for
the casein hyaralyaates. Sines nucleic acids are present
in all cells, the assaying of vitamin By, is complicated by
the presence of other growth factors in the tissues being
analyzed. Vitamin Bjp is destroyed by alkali with the
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result that analyses performed before and after heating the
samples with sodlum hydroxide will give the amount of vita-
min By by difference (63).

The assay is further complicated by the presence of
different forms of vitamin Bjz in natural materials. The
protein conjugates have already been discussed. Vitamin
Biop 18 present in some tlssue extracts. There have been
many theories about the comparative activity of vitamin Bjp
and Bypp in mieroblologieal assay. Autoclaving, reducing
agents, aseptic additions to the medium, and other physical
agents are claimed to have influence on these molecules.
Broquist, Stokstad, and Jukes (18) found that a reaction
product more potent than vitamin By, was formed when vita-
min Byp was heated with thiomalle acid., This product moved
between vitamin By, and Bypy, on paper strips. The activity
of vitamin Bjyp, was not increased by autoelaving 1t with
the medium. The problem of interfersnce of vitamin Bygy
can be resolved by treating with cyanide which converts
vitamin Bjpp to vitamin Byp (37, 116). V

- The presence in samples of vitamin Bjp-like compounds
such as pseudovitamin Bia produced by certain microorganisms,
adds more difficulties to an already complex problem (32,

6, 48, 83).
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Vitamin Bjo

Vitamin By, (Coblone, Merck and Company) was purchased
from Merek and Company. This is a sterile solution of 15
mierograms erystalline vitemin Byp per one ml. ampule.

Powdered hog stomach

ﬁriaﬁ defatted powdered hog stomach (Ventriculin,
Parke, Davis, and Company, Detroit, Michigan) was purchased
from a loeal drug store.

Purified proteins

Several protein fractions from bloocd plasma were ob-
tained through the courtesy of Dr. E. J. Cohn, Harvard Medi-
cal School, Boston, Massachusetts.

Enzymes

Trypsin (I-110) was purchased from Pfanstiehl Chemical
Company .

Adsoprbents

Celite (diamtomaceous earth), Norit A (decolorizing
ahareaal); Alphacel (powdered cellulose, Nutritional Bio-
chemicals Corporation) and Whatman 1o, 1 filter paper were
obtained from Chemistry Stores. Amberlite IR-120, a nuclear
sulfonlec-acid type cation exchange resin, manufactured by
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Rohm and Haas Company, was obtained by courtesy of the

General Filter (Company, Ames, Iowa.

Apparatus

A Beckman pH meter Model G. was used for all pH deter-
minations. Turbldity measurements were made with a EWSZ
photometer using filter number 7 (650 millimiecrons). This
photometer has a balanced cireult and reads directly in
per cent transmission. It is distributed by Wilkens-
Anderson Company, Chleageo, Illinois. Basal medium and
vitamin Byp solution were dispensed with a Cannon Automatic
Dispenser-Titrator, purchased from International Instrument
Company, Los Angeles, (alifornia. Chromatographed fractions
were collected with a Technicon automatic time/flow fraction
collector, purchased from the Technicon Chromatography

Corporation, New York.



METHODS

Stock Cultures

Cultures of Lactobacillus leichmannii L4797 and
Lactobaeillus leichmannii 7830 were carried throughout this

investigation in a peptonized milk agar. This medium had
the following composition: 15 g. agar, 10 g. glucose,

10 g. peptonized milk, 10 g. yeast axtraét, 2 g. Tween 80,
and distilled water to make 1 liter. This mixture was
heated for 20 minutes in flowing steam and then dlspensed
into test tubes, 10 ml. per tube. The medium was steri-
liged by autoclaving for 15 minutes at 15 1b. steam pressure.
The eﬁl%ures were transferred weekly from one stab to
another, incubated at 37° G. for 4O to 48 hours, and then

stored in a refrigerator.

Preparation of Inoeulum

An Inoculum was prepared by transferring organisms
from a stab to a sterile broth (about 5 ml.) of the same
composition except for the agar. The broth was Incubated
for 16 hours at 37° ¢C. The cells were centrifuged, washed
with distilled water, again collected by centrifugation,
and suaspended in distilled water to make a heavy suspension.



One drop of this suspension was used to inoculate the

assay tubes.

Solutions for Basal Medium

All sclutions used in the preparation of the basal

medium were stored in a refrigerator.

The following amine goids wﬁwa dissolved in 200 ml.
warm water: 85G~mg,»§§¢alan&na, 850 mg. %ﬁavginin& hydro-
chloride, 850 mg. DL-aspartic acid, 850 mg. glyeine, 850
ng. érhiutiéia@ hydrochloride, 850 mg. DL-isoleucine, 425
mg. L-leucine, L2 mg.ygriyuine hydroehloride, 850 mg.
Eérmathiaaina, 200 mg. DL-phenylalanine, 850 mg. &ﬁpralina,
100 mg. DL-serine, 100 mg. g&chraamina, 850 mg. DL-valine,
300 mg; ggasparagina and 00 mg.kgyglﬁtwmmnun This solution
was stored under toluene. |

L-tyrosine, 800 mg., and 2.425 g. glutamic acid were
dissolved 1n water with just encugh hydrochlorie aecid to
dissolve them and diluted to 100 ml.

ggtryytaphan, 100 mg., was dissolved in water with the
ald of dilute sodium hydroxide and diluted to 100 ml.

Vitamins

Twenty mg. each of nicotinie acid, riboflavin,
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Tween 80

Two g. of Tween 80 were diluted to 4O ml. with water.

Tomatc juice filtrate

The contents of a l6 ounce can of tomato juice were
centrifuged to remove pulp and filtered with the aid of
Celite and suction., The filtrate was stirred for 30 mlnutes
with 20 g+ of Norit A per liter and agaln filltered with the
aid of Celite. The filtrate was divided into 50 and 100

ml. portions and stored in a freezer.

Preparation of Assay Tubes

To prepare 100 ml. of basal medium the following
amounts of nutrient solutions were used: 10 ml. amino acld
solution, 5§ ml. each of tyrosine-glutamic acld, tryptophan,
and the two salt solutions, 1 ml. sach of the bases and the
five vitamin solutions, 4 ml. Tween 80 solution and 50 ml,
tomato julee filtrate. To these were added 4 g. glucose,
1.2 g. sodium eltrate, 1.2 g. sodium acetate and 0.2 g.
eysteine hydrochloride. The pH was adjusted to 5.5 with
£ M sodium hydroxide and the volume brought to 100 ml. The
constituents of the double strength bassal medium are shown
in Table 1.

To make up the assay tubes, alidquots of vitamin By,

solutions, water, or test solutlions were pipetted first into



L I

Table 1.
Constituents for 1 Liter of Double Strength Basal Medium®

o
-

Compound ‘ Amount
DL-alanine | 425 ng .
ggargin&ns hydroshloride L2s ng.
géraapartiﬁ acid L25 ng.
Glyeine L42s mg.
g—mniam hydrochloride | 425 ng.
DL-isoleucine | 42y  mg.
grloaeinﬁ 213 mg.
églyaine hydrochloride 213 mg.
gg}-mtmmmo 425 mg.
gégphenylalanina : 100 ng.
gfprolins 25 ng.
DL-serine | 50 ng .
gégthraaninu 50 ng.
DL-valine h2s mg .
L-asparagine 150 ng.
%rglut&mine 200 mg .
grtyrasina Ly00 mg .
L-glutamic acld 1213 ng.
grtr79taphan 50 ng .
Adenine sulfate 10 mg.

(Continued on next page)



Table 1. (Continued)

m}@w

{Conecluded on next page)

Compound Ampunt
Guanine hydrochloride 10 ng.
Xanthine 15 mg.
Uracil 10 mg;
Mgs0y,.7 Hy0 2,0 g.
FesS0).7 Hz0 0.1 g.
Kn&ﬁa 0,068 g.
KHoPO), k.0 g.
KzHPO) .3 Hp0 5.2 g.
Pyridoxine 2.0 mg.
Pyridoxal 2.0 mg.
Ficotinic acid 2.0 mg.
Riboflavin 2.0 mg.
Caleium pantothenate 2.0 mg.
Thiamine 2.0 mg.
Blotin 0.01 mg.
Folie aold 0.11 mg.
, p;am;ﬂaban£aia acid 0.08 mg.
gfﬁysteinﬁ hydrochloride 2.0 g
Sodium acetate 12.0 g.
Sodium citrate 12.0 g.
Tween 80 2,0 g.
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Table 1. (Conecluded)

Gbmp@&n& Amount
Glucose | 40.0  g.

Tomato juice 500 ml.

® The pH of this medium was adjusted to 5.5

the assay tubes. Five ml. of the basal medium were then
added to each tube with a Cannon dispenser. When the same
concentration of vitamin Byp was desired in a large number
of tubes, 4 ml. of a vitamin Byp solution also was added
in this manner. The assay tubes were covered with alumi-
num eaps and autoclaved for 5 minutes at 15 1b. pressure.
The tubes were ccoled as rapldly as possible. Unheated or
specially treated test samples were added at thils time, the
total volume of the medium finally being 10 ml. Each tube
was inooulated with one drop of a bacterial suspension and
placed in an incubator at 37° C. for 20 to 22 hours.

Measurement of Growth

In early experiments the cells were incubated for 48
hours and the amount of growth was determined by titrating
the lactic acid with 0.1 N sodium hydroxide. The contenta
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of a tube were transferred to a 150 ml. beaker with approxi-
mately 70 ml. distilled water. A stirrer and the electrodes
were lmmersed in the solution and the aeid titrated to the
pH of the control tube, about 5.5, with 0.1 N sodium
hydroxide using a pH meter. The amount of growth was
plotted as ml. 0.1 N sodlum hydroxide against concentration
in mpg. %ita&Qn Byp. Turbidity was measured in later
experiments, density of suspensions being proportional to
growth. The tubes were shaken to resuspend the cells,
transferred to a colorimeter tuhbe and the per cent tranaé
mission read, a low reading indicating copious growth.
Typical standard curves for both methods of determining
growth are shown in Figures 1 and 2.

Protein Determinations

The amount of protein was determined using the biuret
test as described by Baudet and Giddey (2). A standard
eurve was prepared using known amounts of egg albumin. (See
Pigure 3.)

Chromatography

Chromatography of extracts on paper was accomplished
in the following manner. A pencil line was drawn 2 om. from
the bottom of s sheet of filter paper (E, and D. no. 613)

20 em. wide and 22 om., long. The solutions were applied
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Figure 1. Standard Growth Curve for

48 Hours Incubation.
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EXPERIMENTAL RESULTS

Vitamin Byo osccurs in such low concentrations in bio-
loglieal materials that ochemical methods of analysls for this
vitamin are not practical. ?hsvtiasusa must first be
broken down, then extracted and the extracts concentrated.

A sensitive blologleal method, if carefully controlled, will
afford a more direct determination of the vitamin Byp con-
gentration. The most rapid biologlcal assays are theose in
which miorcorganisms are used. In addition, the conditions
in the medium can easily be changed so that metabolic rela-
tionships can be studied. When a metabolie function is
ﬁiacevbrea in one species, the investigator may be able to
explain a similar one in another apaaie#. The development
of a satisfactory assay method for vitamin By, was the first
problem to be solved. Lactobacillus lelchmannii was chosen

a8 the organism for the assay of vitamin By, in this
laboratory. The cultures of this organism were stable in

their characteristics.

Modification of a Miocroblological Assay for Vitamin By»

The assay medium of Skeggs, Huff, Wright, and Bosshart
(99) was used for L. leichmamnnil 4797. This medium was
composed of amino mcids present in an aeid casein
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hydrolysate and enzymatically hydrolyzed casein, vitamins,
purines, pyrimidines, salts, glucose, and Tween 80. A
tomato juice filtrate also was added. This medium was made
up each day from stock solutions of constituents similer

to those listed in the section on methods. The medium was
dispensed into test tubes (5 ml. per tube) containing 5 ml.
aliquots of vitamin By, of varying concentration, and auto-
claved for 15 minutes at 15 lb. pressure. The tubes were
inoculated and after a two day incubation periocd at 37° C.,
the lactic acld formed was titrated with 0.1 N sodium
hydrexide. A typlcal assay for crystalline vitamin Byp is
presented in Table 2.

Table 2 »
Assay of Vitamin Bjp Using &k@ggskanstha&a

" o
o i

Amount of wvitamin Byo Titration values
nUe - ml. 0.1 N ReOH

0
0.1
0.2
Q.
0:¢
1.0
2.0
6.0

» &

MWL O oo

L

wmamg@'wa
»

ot ot Pt

a &.klaiahmaﬁnii L4797 was used in the assay.
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Over a period of time, the growth of the organism
decreased in the presence of the same concentrations of
vikamiﬁ By2. It was reported (63, 71, 100} that reducing
agents added to the medium wmuld inerease the response to
vitamin Bjp. Therefore, experiments were ecarried out to
determine the effect of some of these compounds., The effect
of adding ascorbic acid and cysteine was studled and the
concentration of tomato juice which containas ascorble acid
and unknown growth factors was varled. The results of this
experiment are shown in Table 3. Ascorblc acid was the
most effective in enhaneing the amount of growth. Tomato
julce was effective if freshly prepared and added in high

Table 3.

Effsot of Reducing Agents upon the Asaag of
Vitamin Byp with L. leichmannii L4797

Substance added per tube Titration values®
ml. 0,1 ¥ NaOH

1 mg. ascorble acid 10.2

1 mg. oysteine T3
1 mg. ascorble acld and 1 mg. cysteine 11.1
5 mg. ascorbic acid and 5 mg., cysteine 12.8
1 ml. tomato julce 8.2

3 ml. tomato julce 9.6

& skeggs's medium was used.

® 2 mpug. vitamin Byp = 5.5 ml. 0.1 N NaoOH.
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In &able‘h the results obtained by adding additional amounts
of vitamins to the medium of Peeler with and without vitamin
Byp and heating by autoclaving for 15 minutes (Skeggs's
method) and steaming for 5 minutes (Peeler's method) are
compared.

The five minute steaming period did not affect the
growth response even when wldely varying concentrations of
different vitamins were used. However, when the medium was
autoclaved for 15 minutes at 15 lb., pressure the control
(without vitamin Byp and the usual amounta of other vita-
mins) showed more growth, but ﬁhé Bg, vitamins promoted

,,,,,

growth more than any of the substances tested, even without
vitamin%ﬁia,x it was concluded that no changes had to be
made in any uf the vitamin concentrations when the medium
was steamed for 5 minutes.

Since the concentration of the By vitamins in Pesler's
medium was twice that present in Skeggs's medium the effect
upon growth of each form was determined so that the amount
could be decreased, thus eliminating variations in growth,
which might be caused by heating. 7Table 5 shows that
L.+ leichmannii can use pyridoxine, pyrlidoxal, and pyri-

doxamine equally as well for growth singly or together.
There seemed to be no advantage In using all three forms.
In a later experiment 1t was found that when the concentra-

tion of the 56 vitamins was ocut in half no decrease in
growth occurred.
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Table 5.
Effect of By Vitamins upon the Growth of L. leichmenniy®

Substance teated® ﬁngfx ?;gfagfg”kvgigg‘ |
Pyridoxal 0.0k 7.0
Pyridoxemine 0.04 T.7
Pyridoxine 0.04 7.3
?yridaxina, 0.02
Pyridoxal, and 0.02 T4
Pyridoxamine 0.004

8 peeler's medium was used.

b 0.30 mpg. vitamin 312 was present in each tube.

The concentrations of magnesium, ferrous, and manQ
ganous salts were decreased since the concentrations
recommended by Peeler excesded the ammounts needed by the
organism for growth., Data showing the effect of varying
concentrations of salts are presented in Table 6. A con-
caentration representing five times the amount recommended
by Skeggs was finelly adopted since it gave the most con~-
sistent results. The amount of ferrous sulfate now being
used is one-eighth of the amount in Peeler's medium.

Cystine, hydroxyproline, and norleucine were omitted

after 1t was found that no decrease in growth ocourred
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Table 6.

Effect of Varying Concentrations of Certain Salts
upon the Growth of L. leichmannii

wi#rutian valuea, ml. Ol N NaOH

— »é“’*“ PP Smem Skessy, gt Peslers
None 1.y 1.4 1.0
0.0075 1.7 L6 -—-
0.0150 ' 3.2 5.7 Sy
0.0225 3.9 6.6 —-
0.030 7.0 7.0 5.6
0.075 11.7 8.8 6.5
0.15 - 10.1 9.4

3.00 11.9 11.4 1l.2

& 0,02 g. ?aSG *TH20, 0.014 g. MnSOL, and 0.4 g.
Mg80), +TH20 per like& 2 h’ g

0.8 g. FeS0),+7Hz0, 0.406 g, MnS0), and 2.8 g.
Mg&ﬁa»?ﬁgﬂ per liter.

when they were lef't out of the medium. Cysteine, which
serves as the reducing agent, can be used by this organism
for the synthesis of cystine. Norleuecine and hydroxypro-
line ar&vnot commonly found in proteins. It can be seen by
comparing the vitamin Bjz concentrations in Table 2 with
those in Table 6 that the sensitivity to low concentrations
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of vitamin By, has been greatly increased by changing to the
modified Peeler medium.

Acid production as a measure of growth was studied for
L. leichmannii 4797 at the end of a 48 and 72 hour incubation
period at 37° ¢. (8See Table 7.) The increased length of
time did not cause any signifiecant increase in the amount of

acld produced, so & two day incubation period was used.

Table 7.

Comparison of Growth of L. 1aiehmnnnii
after 48 and 72 Hour Incubation Periods®

Amount of éitgminkalz | wikratiaa‘vulunu,‘ﬁl; é.l N NaOH
mpg. | 48 hours 72 hours
0.02 3.8 I.2
0.0} 5.6 5.8
0.10 7.1 7.8

0.30 | 8.2 8.5

2 peeler's medium was used.

When L. leichmannii 7830 was used for the assay, growth was
determined turbidimetrically after 2l hour inocubation at

37° ¢. Both strains of L. leichmannii responded similarly
to the same concentrations of vitemin Byp. L. leichmannii

7830 was the faster growing strain. The acid production of
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' the two strains for a 2l hour ineubation period is compared
in Table 8. L. leichmannii 7830 produced more acid, par-

ticularly at high concentrations of vitemin Byp. The lat-
ter organism has been used in all experiments in which
growth wag determined turbidimetrlcally.

Table 8.

aa&%&&»aawewaﬂa@&@t«wa%v,wawewapﬁ§nw :ﬂMq »ﬁa
L. leichmannii 7830 after 2l Hours Incubation®

Amount of vitamin Byp Titration values, nml, 0.1 N NaOH

MR » L.L 4797 L.L. 7830
None 0.9 2.1
0.0075 1. 2.9
0.015 2.0 2.4
Qcmwt.m k.-.m :..W
0.075 5.5 6.3

0.15 6.1 79

Qc&ﬂ Macw @:

1.50 8.5 11l.4

a Peelerts a&awﬁa» aa&gﬂam,&aw m ﬁhﬁaaeu~ was used.

The basal medium was freshly made up each time before
use from the solutions and solids already desecribed., Some
constituents of the medlum are oxidized when they remain
in contact with the air. It is particulsrly important
that mﬁ@ oxidation of cysteine and ferrous ion be ﬁaar
vented. C(ystelne hydroechloride 1s added just before the
pPH 1s adjusted. | . |
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In early experiments the medium was dispensed into
agsay tubes and steamed in an autoclave with the outlet
valve open. It was difficult to control the heating in
this manner due to variations in the steam supply. A short
heating period resulted in good sensitivity and decreased
the pyridoxine effect. In recent experiments the tubes
were autoelaved for 5 minutes at 15 lb. pressure because
the heating could be more easily controlled and the results
were more reproducible. Although the length of time of
heating will not completely sterilize the medium, no daif-
ficulties have ever been encountered due to contamination.

In the assaying of samples, aliquots were pipetted
into the cooled tubes, inoculated, and then shaken in order
to mix them thoroughly. The mixing as well as the heatilng
seemed to be the most eritical manipulations since they
had a greater effect upon reproduclbility of results than
any other minor variation in technique. These solutions
were not sterile but some were heated for special exporiQ
ments. In each set of tubes two controls, one containing
vitamin Byp but not inoeulated, and the other containing
no vitamin Bjp but inoculated, were used to valldate the
results of the assay. Lack of growth in these tubes ax?
eludes the intarfaranea~a£ contaminating organisms. |

Inhibition of vitamin By, was measured in the following
manner. A known amount of vitamin Bjp solution was put in

each tube. In this investigation either 0.1 mug. or 0.15
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mug. vitamin Byp was used in most experiments., This amount
of vitamin By produced less than meximum growth which made
it possible to detect growth substances which substitute

_ for vitemin Byz.

As a regult of the foregolng experiments a modified

Peeler method was obtalned which gave reproducible results

in the assay of vitamin Byp using L. leichmannii, It should

be mentioned that two other investigators in this labora-
tory have already independently made modlifications of the
Peeler medium (3, 50).

Fractionation of Vitamin By, Inhibitory Principle

from Hog Stomach Mucosa

Ternberg and Eakin (107) found that there was a sub-
stance in gastric julce which they called apoerythein that
combined stolchiometrically with vitamin By (erythein)
making the 1a§tar unavallable for the growth of bacteria,
In this combination vitamin By, was non-dialyzable but it
could be released by heating the complex., These workers
claimed that apoerythein was identical with the intrinsie
factor, If thia was true, an aasay method for intrinsic
factor had been dlscovered. Furthermore, the discovery of
this compound stimulated the study of other vitamin Byp

protein complexes involved in metabolic processes.



Fractionation of hog stomach mucosa extract with ammonium

sulfate

The intrinsiec factor is found in gastrlie julce and sto-
mach mucosa. Ventriculin, a dried granular protein material
prepared from the stomach mucosa of hogs, is used medicinally
as a source of intrinsic faatav,k A daily dose of 4O g. is
needed for the absorption of ingested vitamin Byp+ Extrac-
tion of this material was begun to test the theory of
Ternberg and Eakin.

Two g. of Ventriculin were mixed with approximately 20
ml, of distilled water and allowed to stand for one hour.
This mixture was transferred to a Waring blender and mixed
until the granules were broken. The insoluble material was
removed by centrifugation and the supernatant filtered by
suction through Whatman No, 1 filter paper. The filtrate
was diluted to 50 ml. The pH of the extract was 5.7 and 1t
had & brown color.

To test vitamin By, combining power of the extract,

5 ml., were mixed with appramimataiy 0.1 mg. of orystalline
vitamin Bjp. After 15 minutes 5 ml, of saturated ammonium
sulfate were added. A solution 50 per cent saturated with
respect to ammonium sulfate was obtained and no protein
precipitate appeared. An additional volume of 15 ml. of
saturated ammonlum sulfate was added giving a solution 80

per cent saturated with ammonium sulfate. In this instance



a protein precipitate was formed, The precipitate was
removed by eentrifugation, and the supernatant decanted.
No more precipitate was obtained by additional amounts of
saturated ammonium sulfate. About 100 mg. of protein
material were collected., The precipitate was washed twlce
with 80 per cent ammonium sulfate solution, recovered by
centrifugation, then transferred to a aallaph&na bag and
dialyzed against distilled waﬁer'rar 18 hours to remove
ammonium sulfate and excess vitamin Byo.

One~half of the precipitate was dlluted for analysis
of vitamin Byo; the remainder was diluted and autoclaved
for 15 minutes at 15 1b. steam pressure before being anal-
yzed. The autoclaved sample contained more vitamin By, than
the unheated sample as determined mieroblologieally.
Although quantitative data were not available, it was con-
cluded that some substance present in the extract had bound
vitamin By so that 1t was non-dialyzable and that heating
was necessary to release most of the vitamin Byp.

In a Quantitative experiment 150 mpg. vitamin Byp dis-
solved in'l ml. of distilled water were added to L ml. of
the Ventriculin extract and treated as deseribed above to
precipitate the protein. The supernatant, washings and
dialysate were diluted for analysis of vitamin Bjo. The
dialyzed precipltate was diiuﬁaﬁ, autoclaved, and analyzed
for vitamin Byp. Appropriate dilutions were made for com-

parison with a standard growth curve for vitamin Byp.



The results showed that only 20 mug. of vitamln Byo~
activity were left in the supernatant solutlion, the remain-
der had been precipitated with the protein. The total
vitamin Byp-activity, however, was greater than 150 mpug. |
This may be explained by the presence of other growth fac-
tors in the Ventriculin extract. This will be shown in a
later experiment. Throughout this study 1t must be kept
in mind that vitamin Byp 1s not a specific growth factor
for L. leichmannii. Purines, pyrimldines, and their com-
pounds may be substituted for vitamin By,

About this time Prusoff and assoeiates (87) proposed
a method rar'axtra¢tina and conecentrating the intrinsie
factor from Ventriculin. They prepared three fractions by
ammonium sulfate precipitation. One was active hamntoQ
poletically, all were active as bascterial grgwth inhibitors,
but the fractlion showing the most growth inhibition was not
active hematopoietically.

Prusoff (86) prepared concentrates in the following
way: five hundred grams of ventriculin were suspended in
2 per cent saline, stirred one hour, and filtered with the
ald of Celite. The pH of the extract was 5.7 and 15 per
cont of the sollds were extracted. The pH was then adjusted
to 9.0 and the solution was allowed to stand for 30 minutes
to destroy pepsin activity. Then the pH was adjusted to
1.5 and the precipitate which formed was removed. The

supernatant was brought to pH 4.5 and ammonium sulfate was
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added to give 38,55, and 100 per cent saturation in order
to precipitate protein. These three preclpitates were
dialyszed against distilled water or acetate buffer and
stored frozen until analyzed.

An attempt was made to duplicate this work in this
1aboraeéryg however , Prusoff!s results could not be dupli-
cated. In the first place no precipltate was formed at
pH 1.5. Secondly, the inhibitory activity was spread
throughout the fractions. The pr@gaéurﬂ given above has
not been published and 1t is probable that some important
detall of the procedure is mlssing.

A new procedure was tried in which 5 ammonium sulfate
fractiona were prepared by direct precipltation upon the
Ventriculin extract. Twenty g. of Ventriculin were sus-
pnﬁdad in approximately 80 ml. of distilled water and sl-
lowed to stand for one hour. Ventriculin swells up to
about double 1ts volume when water is absorbed. The solild
material was removed by centrifugatlon and extracted two
more times with distilled water. The supernatant solutions
were combined making the final volume of the extract 100
ml., Five preciplitations with ammonium sulfate were made
on the combined extracts. The concentration of emmonium
sulfate was inecreased by 15.76 g. each time to give frac-
tions which were 20, 40O, 60, 80, and 100 per cent saturated
with this salt. After each addition of ammonium sulfate,
the pH was adjusted to 4.5 and the solution allowed to
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stand 30 to 4O minutes for precipitation to take place. The
precipitate was then centrifuged and the supernatant aas
canted. ?hw‘preeiyiﬁatus were alr dried until time for
analyﬁia. No precipltate wasas aht&&nud from the 100 per ecent
saturated solution.

For bacterial iaaay the precipitates were dissolved in
distilled water and made up to 100 ml. Dilutions 1:1,000,
1#5,600, 1:10,000, 1:50,000, and 1:100,000 were alsc made.
In the assay 1 ml. of solution was added per tube, before
autoelaving, to oﬁa set of tubes econtaining 0.15 mug. of
vitamin By» and to another set of tubes without vitamin
By2. The solutions were also added to a set of steriligzed
tubes, each containing 0.15 mpg. vitamin By, and to another
set of sterile tubes without vitamin Byp.

The results of these assays are presented in Table 9.

The data for the 80 per cent fraction are plotted in Figure
L. The residual solution and the 20 per cent fraction con-
tained no inhibitory activity. The 4O, 60, and 80 per cent
fractlons were all active, but the 80 per cent fraction
was most active. The results indicate that thers is a
factor in the Ventriculin extract which is inhibitory to
the growth of L. leiclmannii with vitamin Byp. This 1s

shown by the minimum in the curve in Flgure L where no
growth occurs. There is a factor stimulatory to growth in

high concentrations of the extraet. All fractions at a
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dilution of 1:100 supported abundant growth with and without
vitamin Byp. When the fractions were heated in the tubes
with the medium, growth in excess of the amount caused by
0.15 mpg. of vitamin By, was observed, The stimulatory
factor eould be diluted out with retention of the inhibitory
activity as shown by the V-shaped ourve. Heating destroyed
the effect of the vitamin Bype«inhibitor but did not destroy
the growth factor.

Ammonium sulfate in the concentration at whieh it
appeared in the sxtracts 4id not interfere in the assay.
One ml. of a 10 per cent saturated ammonium sulfate solution
was added to an assay tube containing vitemin Byp and the
amount of growth did not differ from that in one which con-
talned no ammonium sulfate.

Extracts were tested after they had stood in the refri-
gerator for one week and no loss in setivity was observed,

The presence of a growth factor which replaced vitamin
Byp wes undesirable because 1t complicated the assay of the
inhibitor, although in high concentrations of the inhibitor
the growth factor could be diluted out. In this experiment
the separation of the 1nh£b1¢ory fraction from the inactive
material was not complete because the inhibitory activity
was spread through all the fréatiunaw Therefore, the frac-
tionation was performed at & different pH to see if the
inhibitory activity could be separated from the growth
activity and the inactlve protein.



Extraction of Ventrieulin was performed aas described
sarlier. The pH of the extraect was adjusted to 6.5. Ammo-
nium sulfate was added in inerements to make solutions 30,
60, and 80 per cent saturated with respect to smmonium sul-
fate. The fractions were dialyzed against distilled water
and stored frogzen. Appropriate dilutions of the fractions
were made with distilled water. One ml., aliquots of the
dilutiong were tested for inhibitory activity. The results
of this experiment are shown in Table 10.

Table 10.

Inhibitory Activity of Ventriculin Fractions
Obtained by Ammonium Sulfate Precipitation
at pH 6.5

Pitration velues, ml. O.1 N NaoH®

Pilution

Fraction  Fraction Fraction
(30) (60) (89)
1:100 0.8 2.0 7l
1 35 ,QQQ . QO&; 0.2
1:10,000 6.5 6.5 6.1

& Bach bubawaontainaa‘ﬁ.lg mng..viﬁamiﬁ Byp = 7.0 mi.

It can be seen that only a trace of activity is pre?
sent in the first frqctlan”{BG);r The 1:100 dilution only
gives inhibition of growth. The second (60} and third
(80) per cent saturated fractions have approximately equal
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amounts of inhibitory activity and the third fraction con-
tains the stimulatory factor also, as can be seen by com-
paring the second and third columns in Table 10, In the
third column, for example, the 1:100 dilution promotes
growth in excess of the 7 ml. of 0.1 N KaCH due to the
erystalline vitamin By, added. In the 1:5,000 dilution,

the growth factor was diluted out and only the inhibitor

was present. However, in the 1:10,000 dilution, the inhibi-
tor is practically diluted out &nd in the 1:100,000 dilu-
tion, growth was caused only by the added vitamin Byoe

Practionation of hog stomach mucosa extracts with ethanol

Twenty g, of Ventriculin were extracted with distilled
water as desoribed previously. The final volume of the
extract was 120 ml. and the pH 5.35. Ten ml. of the extract
were put in a 50 ml. centrifuge tube and chilled in an ice
salt bath kept at 0 to -4.0° C. Absolute ethanol was added
dropwise with stirring. The tubes were allowed to stand
15 to 20 minutes and were then centrifuged for 2 minutes,
using centrifuge cups previocusly chilled in the ice bath.
The praai@&takas were diluted immediately to 100 ml. with
distilled water. The following amounts of ethanol were
added consecutively: 2.5, 2.5, 2.5, 5.0, 7.5, 10, and 10 ml.
making & final volume af 40 ml. of ethanol, or approximately
80 per cent. Seven fractions were obtained in this way,

Appropriate dilutions were made and 1 ml., of each dilution
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wae tested for inhibitory activity. The results of this
experiment are presented in Table 11.
4 The first three fractions were cloudy, the remainder
clear. Those containing the most inhibitory actlivity were
yallow#bxawn in color. The most active inhibitory fractions
were numbers 3 and i; the growth factor was still present,
however, The results obtained with ethanol fractionation
are simllar to those obtalned with emmonium sulfate. The
original extract contained such a high concentration of
growth substances that no estimate of its inhibltory acti-
vity could be made, since the inhibitory principle was dl-
luted out along with the growth substances. Some values are
presented in Table 12.

- The original extract was analyzed for nitrogen by the
Kjeldahl method and contained 3.20 mg. of nltrogen per ml.

The alecohol precipltation was repeated at pH L.5

using an extract prepared from 20 g. of Ventriculin and
diluted to 80 ml. Absolute ethanol was added dropwise in
the following aliquots: 5, 5,5, 10, and 15 ml. After each
addition of alcohol the precipitate was removed by centri-
fugation, dissolved in 50 ml. of distilled water, and 1 ml,
samples of appropriate dilutions were tested for inhibitory
activity. The raaults of this experiment are presented in
Table 13. 4 comparison of these results with those presented
in Table 11 shows that they are similar in many respects.

However, at pH 5.35 a better separation from inert material
was accomplished.
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Table 11..

Inhibitory Activity of Ventriculin Fractions ﬂbtainad
by Ethanol Precipitation at pH 5.35

&itr&ti@u vuluea,}ml. 0.1 K naoa&

Dilution

| FlL_F2 F3 Fh F5 P6 FT
1:100 - 5.7 4.0 7.0 5.8 5.1 8.1 8.8
1:1,000 6.8 7.8 3.6 3.0 7.2 8.7 8.7
1:10,000 8.0 8.9 8.1 7.3 8.5 ——— -
11:100,000 8.0 8.7 8.7 8.6 . . w——

& 0,1 mpg. vitamin By, = 8.7 ml.

Assay of Ventriculin Extract for Inhibitory Activity

———— b o o " o
e

o o "
AP - = oo o -

Pitration values, ml, 0.1 N NaoH?

Dilution

w&zzggii ggg’ No vitamin Bjp
1510 6.1 5.8
1:100 7T .6
1:1,909 6.6 2.2
1:10,000 8.4

& 0,1 mpg. vitamin Byp = 8.7 ml.
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Table 13.

Inhibitory Aetivity of Ventriculin Fractions Obtalned
by Ethanol Precipitation at pH L.%5

pilution '?iﬁrutianvvaluas,,ml; 9;1 ¥ NaoH®
| ¥1L F2 F3 F, FS
1:50 5.0 L.2 2.2 2.8 5.6
115,000 2.8 2.2 0.6 3.0 6.3
1150,000 5.0 5.5 5.8 5.6 6.5

& 0.1 mpg. vitamin Byp = 6.5 ml.

Kjeldahl snalyses for nitrogen and biuret determina-
tions for protein were run on the original extract and the
fractions obtained. The results of these determinations
are presented in Table 1ll. The original Ventrieculin

Table 1.

Protein Values for Vantrieulin Precipitates Obtalined
by Kjeldahl and Biuret Analyses

' ' ?ratéin by Protein by
Sample tested Kjeldahl biuret

- BT — T8
Original extract 281 200
Fraction 1 Sﬁ¢g 5.0
FPraction 2 il 15.0
Fraction 3 .6 9.0
Praction L i 1.5 13.0
Fraction 5 1.7 7.5

Supernatant 18?:5 | 102.5
Total protein recovered 283,

»




sxtract ocontained L.5 mg. of nitrogen per ml. or 28.1 mg.
of protein. Almost one-third of the nitrogen extracted waa
non~-protein nitrogen, according to the wvalues found for the
biuret and Kjeldahl analyses of the original extract. The
third fraahian which is inhibitory for 0.1 mpg. of vitamin
Bjz at a 1:5,000 dilution contained 0.0018 mg. of protein
in 1 ml. of this dilution. There 1s good agreement between
the results obtained with the biuret and the Kjeldahl
methods in the protein values for the precipitates.

Fractionation with ethanol at pH 6.85, following the
procedure as outlined above, gave the same results. No
separation of elther gﬁawth factors or inactive proteins
was obtalined,

Fractionation of hog stomach mucosa extract with smmonium
sulfate and ethanol

A combination of the ammonium sulfate and ethanol fraaé
tionatlion was tried next. It was thought that the smmonium
sulfate could be used first to separate out the soluble
protein materials from the non-protein materials in the
extract. With the protein thus separated other substances
could not be carried down in the ethanol precipitation.

The procedure developed for this method was as follows.
Two hundred g. of Ventriculin were extracted with dis-

$illed water and made up to 1 liter. To the extract at
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pH 5.2 was added 788 g. of ammonium sulfate, stirred until
dissolved, and allowed to stand for 30 minutes. The pre-
eipltate was removed by centrifugation and diluted with
distilled water to 250 ml. One hundred ml. of thia thick
suspension were dialyzed in a cellophane tube against run-
ning tap water for 6 hours and then dialyzed sgainst dla-
tilled water for 2 hours in & refrigerator. The solution
was diluted to 200 ml. and the pH adjusted to 5.2. The
precipitate which formed was removed by centrifugation
{ppt+ 1), The supernatant was eooled to 0° C. in an ice
bath‘and ethanol was added dropwise with mechanical stir-
ring. Three portions of absolute ethanol were added giving
approximately 30, 60, and 80 per cent by volume alcohol.
The preciplitate obtained after the addition of alcohol was
recovered by eentrifugation and the supernatant decanted
and cooled in an ice bath before the next portion of ethanol
was added. No pruﬁiﬁitate was obtained above 60 per cent
aleohol. One ml. of the appropriate dllutions of the
precipitates in distilled wster was tested for inhibitory
activity. The results of this experiment are presented in
Table 15. The segond alechol precipitate was still active
at & dilution of 1:50,000. A trace of inhibitory activity
remained in the other precipltates, The growth factor was
also more concentrated in the second precipitate.

This method did not seem to have any advantages over

the previous salt or ethanol precipitations. Purthermore,
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Table 15.

Inhibitory Activity of Ventrioculin Fractions Obtained by
Ammonium Sulfate--Ethanol Precipitation at pH 5.2

Per cent transmission®

Dilution ?reaipit&%o Precipitate Préaipita#e
(1) (0-30) (30-60)
11100 - L6 18
1:10,000 100 Th 100
1:50,000 - ~ 100
1:100,000 53 50 77
131’6{)0 '0‘)0 - - 53

a 0.1 mpg. vitamin Bla = hﬁt

i1t was carried out under conditions which could not be
fully controlled, such as variations in the tempsrature
during precipitation. Ethanol precipitatlons should be
carrisd out at controlled temperatures in a cold room to
obtaln good separations without causing protein

dynntu?atian,

Fractionatlon of hog stomach mucosa extract by acetone-

iscelectric precipitation

An extractlon procedure for the substance in Ventri-
culin which makes vitamin Byp unavailable to bacteria was
adapted from a report by Glasas and assoclates (52) for the
isolation from gastric julce of a mucoprotein with intrin;

gic factor activity.
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Two hundred g. of Ventriculin were stirred for 1 hour
with 700 ml. of distlilled water. The precipitate was re-
moved by centrifugation and 300 ml. of supernatant solution
were collected. Two more extractions with 300 ml. of water
each time were carried out and a total volume of 925 ml.
of extract was obtained. This was dliluted to 1 liter before
proceeding. The pH was adjusted to 2.0 by the addition of
coneentrated hydrochlorie acid., A white preecipltate was
formed. Then 500 ml. of a 10 per cent solution of tri-
chloroacetic acld were added and the solution was allowed
to stand for 20 minutes. The precipitate was removed by
centrifugation and 1430 ml. of supernatant were collected.
To this brown solution were added 1.5 volumes of acetone
{2145 ml,) and the mixture was allowed to stand at room
temperature for 2 hours. Upon centrifugation a white pre-
sipltate was obtained which was then dissolved in 50 ml.
of 0.1 N sodlum hydroxide giving a brown solution. To this
solution was added 0.1 N hydrochloric acid until the pH
reached 1.85. The solution was allowed to stand for 2 hours
to permit formation and coagulation of the precipitate.
After centrifugation the preelipitate was diaaalﬁad in 20
ml. of O.1 N sodium hydroxide. The solution was then
acidified to pH 1.9 with 0.1 X hydrochloric acid., This
solution was allowed to stand for 1 hour, centrifuged, and
the precipitate washed once with a mixture of equal parts

of acebtone énd weter and then washed twice with acetone
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alone, The precipitate was allowed to dry at room tempera-
ture. The yleld was 532 mg. of a brown amorphous material.
For inhibition analysis 100 mg. of this material were
dissolved in dlstilled water with the addition of a few
ml. of 0.1 N sodium hydroxide (when the material was found
to be insoluble at acid or neutral pH) and diluted to 50
ml. The pH was 1l.45 and the solution had a yellow-brown
eolor. Several dllutions were made and one ml. of each
used per tube contalning 0.1 mag. of vitamin Byo. These
solutions were added to the tubes after aupaslaving and
the pH was not adjusted on the solutions since the medium
had enough buffering power to neutralize the excess base.
The tubes were titrated 22 hours after inoculation. The

results of this experiment are presented in Table 16.

Table 16.

Inhibitory Activity of a Ventriculin Fraetion Obtained
by Acetone~Isoelectric Precipitation

Kmount of substance Vitauin Byp

b a ywitraticn valuaa 

ta;;?d “gg;? ml. 0.1 N NaOEH ’
i e 6‘1 L"‘?

2 0.1 2.2
92 Qul 04&6

0.1 0.1 1.4

@.02 001 3*9

0,01 0.1 u.g

ﬂcGGLL 051 h.t




Although the isclated material contained vitamin Byp-
inhibitory activity, it was not as active as the precipitate
obtalned by ethanol fractionation which had complete inhibi-
tory activity for 0.1 mpg. vitamin Bya in 0.0018 mg. of |
protein per ml. of fraction compared with 0.2 mg. of pro-
tein per ml. here for 0.10 mpg. vitamin Bjp. Since most of
the active material was lost by'this procedure either by
procipitation in some step or by denaturation,it did not
seem profitable to pursue this method any further.

Fractionation of hog stomach mucosa extract with ethanol

and salt with controlled ionic strength

In order to permit & maximum separation of protein
with & minimum increase in volume of solution a procedure
developed by Cohn and co-workers (33) was adapted to the
seyaratimn of components of Ventrieculin extract. In this
method, alcohol coneentration and pH remain practically
constant and the salt concentration is changed. A combi-
nation of change in ionie strength and the addition of
heavy metals causes the protein to precipitate. The heavy
mntﬁls can be removed from the protein by adding clitrate
which forms complexes with them.

Ten g. of Ventriculin were extracted with 2 per cent
sodium ﬁiﬁé&ta adjusted to pg 6.4 by the addition of 1M

scetic acid., The mixture was allowed to stand one hour
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then mixed in a blender, centrifuged, and the resldue
extracted again with sodium citrate. Cilitrate was used for
extraection in order to duplicate conditions under which
blood 1s collected. Twenty ml. of extract ceollected after
the first extraction were combined with 10 ml. obtained
‘after the second extraction, Twenty-five ml, of extract
were used in the procedure of Cohn. All work was conducted
in a cold room at 2° C., the solutions having been brought
to that temperature before use. One hundred ml. of a
solution containing 250 ml. of 95 per c¢cent ethanol and 2.5
ml. of 0.8 I'/2 pH };.0 sodium acetate per liter were added
at & rate of 20 ml, per minute with stirring. The precipi-
tate was removed by centrifugation for 15 minutes at [000O
r.p.m., The supernatant was decanted and the preciplitate
dissolved in 20 per cent sodium clitrate solution (pH 6.4).
Then 10 ml., of a frashly prepared solution containing 200
ml. of 95 per cent ethanol and 54.8 g. of sine acetate
dihydrate per liter were added to the supernatant, allowed
to stand 15 minutes and centrifuged for 15 minutes at
- J000 r.p.m. The precipitate was dissolved in sodium citrate
solution (pH 6.4). The supernatant solution had a volume
of 125 ml. and a pH of 5.55, For analysis the two protein
precipltates were diluted to 25 ml. each with sodium
clitrate.

The results of the nitrogen determinations on extract

and precipitates by the Kjeldahl method are shown in Table 17.
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Table 17.

Kiﬁragan Values of Extract and Precipitates Obtailned
by Ethanol-Sslt Preciplitation

“Nitrogen per “Nitrogen of

Sample ml,. sample total sample
— me. g,
Original extract 5.71 142.8
Precipitate 1 0.35 8.8

Precipitate 2 | 0.97 24.3

Only 23 per cent of the nitrogen in the original extract
was precipltated.

One ml. samples of appropriate dilutions of the er
tract and precipitates were tested for inhibitory activity.
The results of this experiment are presented in Table 18.

Table 18.

Inhibitory Activity of Ventrlioulin Fractions Obtained
by Ethanol-8alt Precipitation

Per cent transmission®

Pilation Original Precipitate Precipitate Super-
extract 1 2 natant

1:28 28 48 9 -—

1l:2,500 80 52 , 100 -

1 212 ’;56(} - - - E - Bé

1:250,000 .- - 50 -
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Precipitate 1 was not inhibitory to bacterial growth,
while precipitate 2 contained the growth factors as well as
the inhibitory princlple. This active precipitate gave a
brown solution characteristic of previoualy isoclated active
materials. The supernatant, however, still contained
inhibitory factors.

The procedure was repeated with another 25 ml. portion
of extract prepared in the same manner with the purpose of
purifying the inhibitory factor eontalned in the second
precipitate. After the separation of precipitates 1 and 2,
further fractionatlion was performed on the latter. Extrac-
tion was carried out at 2° ¢. for 1.5 hours with 175 ml.
of a reagent containing 160 ml., of 95 per cent ethanol,
a.&kg. of ba#ium acetate, 20 ml. of 1 M sodium acetate, and
7.3 ml. of 1 M acetic acid per liter. The mixture was
centrifuged for 20 minutes at 4000 r.p.m. The supernatant
was decanted and extracted with 25 ml. of a reagent contain-
ing 160 ml. of 95 per cent ethanol, 50 ml. of 1 M sodium
acetate, and 0,1 g. of zine aast&ﬁa dihydrate per liter.
The mixture was centrifuged for 20 minutes at 4000 Tepume
The supernatant was decanted and the precipitate dissolved
in 2 per cent sodium citrate. The nitrogen values of all
fractions as determined by the Kjeldahl method are presented
in Table 19.

One ml. samples of appropriate dilutions of the



Table 19 »

Nitrogen Values for Ventrieulin Fractlions Obtalned
by Controlled Alcohol-Salt Precipltation

A IS AI O
- AR B

Fraction tested Amount avallable Total nitrogen

mx\a mg -
Original extraot 25 140.5
Precipitate 1 30 8.2
Precipitats 2 30 | 30.7
Solution 1 250 95 .5
Extract 1 178 15.8
Extract 2 50 5.0

Precipitate 3 25 15.0

fractions were tested for inhibltory activity. The re-
sults of this experiment are presented in Table 20. The
data (Table 20) show that separation of vitamin Bjp-inhibi-
tor was not achleved by further fractionation according to
the Cohn scheme. The activity ls spread throughout the

fractions.

Table 20.

Inhibitory Activity of Ventrieculin Fracetions Obtained by
Ethanol-~8alt Precipltation and Further Fractionation

Dilution , Per cent tganamissimn’ _

1 2 3 Iy 5 )
1:1 2% 8 11 29 82 14b
1:10 5 57 i1 9% 100 100
1:100 57 99 90 it 53 92
1:1,000 42 56 - .- - L5

a 0,1 ML vitamin 3m = h@t
b pilution 1:25.
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were dried at 110° ¢. to develop the spots. WNinhydrin gave
a violet color with proteins, peptides, and amino acids.
Silver nitrate produced gray colored spots of reduced sil-
ver. When dilute salt solutions were used, all of the sub-
stances colored by these reagents moved to the top of the
paper. Ninhydrin showed one large spot; silver nitrate
showed a spot in the same place and one just below it. )
Inhibitory activity for vitamin Bjp was determined 1ﬁ
the following way. The paper strips were cut into equal
segments and placed in assay tubes containing 10 ml. of
medium and 0,1 mpg, of vitamin Byp. The tubes were shaken
gently to aid extraction of substances from the paper, then
inoculated and incubated. Growth appeared in all tubes
except in the ons containing the top segment of the paper.
All inhibitory materiasl had moved to the top of the paper
a8 shown in Table 21. Different pH values did not effect

Table 21.
Assay of Vitamin Bjp-Inhibitor in Paper Strip Chromatogram

A A A P P W Ao S R ot T M A

bt B A e B

Segment Tested Per Cent Transmission®

Bottom 4o

Middle 39
Top 100

2 0,1 mpg. vitamin Byp = 38.
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the separation of the inhibitory factor from other substances
present in the extract because all chromatograms were the
same .

Since dilute salt solutions failed to make a separation,
concentrated solutions were tried. Developing solutions of
sodium citrate containing 10, 30, 4O, 50 and 60 g. of sodium
citrate each added to 100 ml. portions of distilled water
were prepared. Sodium citrate was chosen because it is not
inhibitory to the growth of the microorganisms used in the
assay. Preparation of the chromatograms was performed as
described earlier. The strips were sprayed with ninhydrin
and spots appeared at the top as in the previous experi-
ments. However another viclet streak appeared at the wewr
tom, arising from the point of application. With the use of
more concentrated solutions of sodium citrate, the streak
diminished and most of the inhibitory activity remained at
the point of application. |

Using 60 g. of sodium ecitrate in 100 ml. of distilled
water no growth was observed in the tube containing the bot-
tom segment (No. 1) of the paper as iz shown in Table 22.
There was very little apreading of inhibitor up the strip;
the second strip gave a reading of only 60, The top segment
which showed a deep violet spot with ninhydrin contained no
inhiblitory principle.

The previous experiments with paper chromatography
indlcated that absorption of inhibitor on cellulose
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ﬁ'abl@ 23 .

Assay of Vitamin Byo-Inhibitor in Chromatogram Developed
- 4in 60 g. Citrate and 100 ml. Water

Segmenta of paper arrangéd

' 8sion®
in ascending order Per cent transmission

ONWIE"R 1O
=

® 0.1 mpg. vitamin By, = 38.

© materials could be used as a method of purification of the

vitamin Bjpo-inhibitor from the Ventriculin extract. The
filter paper chromatopile suggested by Mitchell, Gordon,
and Haskins {(79) or a column of powdered cellulose were
considered as paésibla methods of purifilcation of large
Guantlitlies of extract. Both methods employ a liquid flow-
ing downward through the column. Since ascending technique
had been used on filter paper the effect of change in diQ
rection of flow upon the separation was unpredictable.

A filter paper pile was constructed in the following
way. Seven disks of 9 om. Whatman No. 1 filter paper were
used to absorb § ml. of the Ventriculin extract. These
disks were dried and placed in position 4O sheets from the
bottom of a plle of 300 disks., The pile was clamped



together, placed in a glass jar (35 cm, diameter) with a
solution containing 60 g. of sodium ciltrate in 100 ml. of
distilled water so that the 1iquld was below the level of
the impregnated disks. The solvent was allowed to rise to
the top of the filter paper pile, The impregnated disks
were removed and extracted with water, as were the other
disks. The extracts were tested for iInhibltory activity.
The results of this experiment are presented in Table 23.

Table 23.

Assay of Vitamin Bjp-Inhiblitor in Fractions
Extracted from Chromatopile

Per cent transmission®

Dilution -
Griginnl thraeb Extract 2 Extrgea 3
1120 62 100 39
1:200 85 100 37
1:2,000 43 4o 36
38 36

1:20,000 3

8 0.1 mpg. vitamin Byp = 37.

The date show that most of the interfering subatances
had been removed in the chromatography. This may provide
8 bettur’way of purifying larger Quantities of materials
than by single sheets of filter paper.

A cellulose column was prepared as follows. Alphacel
(powdered cellulose) was suspended in 0.5 M sodium citrate

solution and poured into a tube 2 cm, in diameter. The
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ocolumn was 50 cm. long. A Ventriculin extract (50 ml., pre-
pared from 10 g. of Ventriculin and designated extract No.
1) was added at the top of the column. Elution was per-
formed with 0.5 M sodium eitrate. Samples approximately
10 ml. in volume were collected at 15 minute intervals. One
ml. of eluate and appropriate dilutions were used to test
for inhibitory activity.

In & second sample of extraot (No. 2) the proteins were
precipitated in 80 per cent saturated ammonium sulfate delu#
tion. The ammonium sulfate was removed by dialysis against
distilled water; then the solution was dlalyzed against
0.5 M sodium citrate so that the sample would have approxi-
mately the same salt concentration as the eluting agent.
Elution and analysis were performed as deacribed for sample
No. 1. The results of these two experiments are shown in
?13&#& 5.

Using extract No. 1, the greateat amount of growth
activity was collected in tubes 13 to 21. The growth factor
was still assoociated with the inhibitor because eluates
which permitted growth had inhibitory power after they were
diluted. All of the inhibitory factor had passed through
the column before tube 40 was reached., The data are plotted
in curve A of Figure 5.

The results obtained for extract Ne. 2 were similar. A
1little of the growth factor had been removed in the preui;
pltation and dialysls because the maximum growth obtained
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Figure 5. 1Inhibitory Activity of
Ventriculin Fractions Obtained
by Chromatography on Cellulose
Columns.
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gave a transmission of 15 in contrast to 5 per cent for the
first extract. The vitamin B2 inhibitor was aspread over a
wide rsnge, tubes 6 to 30, over twice the range encountered
with extract No. 1. There was still a trace of activity in
tube 60, The data are plotted in curve B of Pigure 5. The
fact that water was the solvent in the first fraction and
0.5 M sodium citrate in the second may account for this
difference. There was no evidence that a separation of the
inhibitery factor from the growth factors eould be achleved
by using chromatography on cellulose eolumns, so this method
was abandoned,

' BSeveral reports have appeared on the separation of
proteins by ion exchange methods. Hirs, SBteln, and Moore
{60) were able to prepare erystalline ribonuclease by passing
it through resin IRC-50 and eluting with 0.2 M sodium phos~
phate buffer of pH 6.45. Tallen and Stein (106) developed
a method for lysozyme and were able to aseparate it from ﬁ»r
luted egg white using the same resin and a phosphate buffer
at pH T.2.

A column Yl by 1.5 am. was prepared using the sulfonie
cation exchange resin IR-120. The column was brought into
the hydrogen eycle by passing one bed volume of 5 per cent
hydrochlorie acid solution through the column. Diatilled
water then was passed through the colum until the eluate
was no longer acidic. Twenty ml. of Ventriculin extract
were brought to pH 8.0 with sodium hydroxide and poured on
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the columm. Elutlon was periormed with a sodlum phosphate
buffer at pH 5.5. The flow rate was 2 tc 3 ml. per hour.
Abvout 150 ml. of eluent were collected., All samples wWere
inaotive. |

Another ecolumn (IR-120 resin) 36 by 1 em. was prepared
as described before. Thirty-eight ml. of the pooled frae-
tions 1l through 17 of the first separation on cellulose
{pages ?&§?7) were poured on the column. The material was
eluted with distilled water at a rate of 5§ ml, per minute.
The eluate contained both the inhibitor and growth factors
and had a characteristic brown color. The original VQnﬁr1¥
culin extract (50 ml.) contained 5.0 mg. of nitrogen per
ml., after passage through the cellulose and the ion ex-
¢hange column, the sample (41 ml.) contained 1.0 mg. of
nitrogen per ml. One ml. of a 1#190 dilution of this sample
(0.01 mg. of nitrogen per ml.) gave complete inhibition of
growth with 0,15 mpg. of vitamin Byo.

The use of ion exchange resins deserves further study.
Although IR~120 resin was not satisfactory under the condi-
tions used, other resins may be found which will aeparate
the two substances.
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S8pectrophotometric Studies

Assuming that vitamin By, forms & chemical compound
with the unknown factor, it seemed that it might be possible
to detect a change in the spectrum of vitamin Byp after it
had reacted with this factor.

A solution containing approximately 55 ug. of vitamin
Bi2z and 5 ml. of & solution containing the inhibiter (pH
7.0) were made up to 10 ml., incubated for 1 hour at 37° C.,
then read along with controls containing vitamin Byp alone
and the protein solution alone in a Beckman ultraviolet
spectrophotometer at wave lengths from 328 to 425 mp. A
peak appeared at 362 mu. for vitemin Byp and at 409 mu. for
the protein. When the two were mixed, the spectra were
additive and no effect of the constituents upon each other

ecould be discernsd (Figure 6). Since the eoncentration of
: the inhibitor was not sufficlent to react with all the vita-
min By present, it is probable that if any compound was
formed 1t could not have been present in sufficlient amount
. ha’affaﬁt the spectrum. The peak at 409 mp. may not be due
to any part of the active grineipiu.

Wolf and associates (119) failed to find any change in
the spectrum of vitamin By, when gastrie julce was added.

It is possible that they did not have a high enough concen-~
#ratian of the intrinsic factor to react with all the vita- |

min Bjz present as may have also been the case in this
experiment.
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Figure 6. Absorption Spectrum of Vitamin Bjp
and Ventriculin Extract at pH 7.0.
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Effect of Enzymatic Digeation of Ventrleulin Extracts
on the Vitamin By, Inhibitory Principle

The effect of proteolysis on the vitamin Bjp-inhibitory
activity of the Ventriculin extracts was atudia&‘for two
reasons. First to determine whether visamin By p~binding
substances would be destroyed, secondly as a method of re-
moving inert protein. Confllicting reports have appeared
in the literature about the result of enzymatic treatment
of vitamin Bjp-binding substances.

Bethell and coworkers (14} h&ontad intrinsic factor
and vitamin Byp at pH 8.0 with trypsin with no loss of
activity. Burkholder (22) found ﬁha& papain and trypsin
had no effect upon the vitamin B;»-binding substances in
mucosal sxtracts, but pepsin inereased the activity.
Gregory, Ford, and Kon (53) found that a vitemin Bjp~binding
substance in sow's milk was inactivated by pepsin.

The effect of proteolytic enzymes on the vitamin Bjo-
binding principle of mucosal extracts was studied in this
laboratory as follows. Twenty-five ml. of Ventriculin
extract, 9r§yaraa as described previously were added toc a
25 ml. of trypsin solution prepared in the following manner.
An amount of 0.02% g, of commercial trypsin was dissolved
in 50 ml, of distilled water. This solution was brought to
pH 7.0 with 0.05 M sodium carbonate., A solution of 0.53 g.
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It appears that most of the inhibltory asctivity was
lost in tryptic digestion, since complete inhibition of 0.1
mpg. of vitamin Byp was not attalned in any dilution. How-
ever, the filtrate contains inhibitory actlion also and it is
possible that the separation with ammonium sulfate was not

complete. The results are not conclusive.

Effect of Heating Ventrioulin Extracts on the
Vitamin Bjp Inhibitory Principle

Several »54@&«»@ﬁ«@wa have claimed that heating does

| not destroy the intrinsic factor. Hall and assoclates (56)
heated extracts of hog mucosa at 100° C. for as long as 10

minutes without loss of hematopoletie sctivity. Klein and

Wilkinson (72) had sective material after heating it to

65° ¢. Both groups of workers hsated the intrinsie factor

in the presence of vitamin By,. Ternberg and Eakin (107),

Shaw (96), and Burkholder (22), all heated extracts of hog

mucosa in order to make vitamin Bjp available to bacteria.

A vitamin Byp-binding substance in sow's milk was stable to
heating at 100° C. for 30 mimutes (53). Vitamin Byp 1s re-
ported to be released from blood w«,wuﬁuwﬁm (89, 90).

It already has been shown in previous assays that the
vitamin wwmy»nWww»aaaq activity was lost when Ventriculin
extracts were yamwo& with the basal medium. The effect on
,¢wa inhibitory activity when solutions aaﬁ«wwsuam the
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vitamin Byp~inhibltor are heated separately had not yet been
determined. Therefore, a sample of Ventriculin extract was
heated in two different ways namely by autoclaving for §
minutes at 15 1lb. pressure and &y boiling for 10 minutes.

It was the purpose of this axpartmanz to determine whether
heat alone would inactlvate the inhibitor in aqueous extracts
of Ventriculin. The results of this experiment are gilven in
Pable 25.

Table 25.
Effect of Heating upon Vitamin Bjp-Inhibitory Factor
, Per cent transmission®
Dilution Autoclaved with Heated

Unheated mnedium 10 min. in

5 min, at 15 lb. boiling water
1: 62 23 6
1:2 § 85 33 gﬂ
1: ’SQO &3 - - -
1:25,@9@ 3l - -

2 0.1 mug. vitamin 312 = 3?.

The results indicate that there was only a small loss
in inhibitory activity (62 to 56 per cent transmission in
the 1125, and 85 to 82 in the 1:250 dilution) when heated 10
minutes in boiling water, whereas autoelaving with the
medium released both vitamin Bjp and the growth promoting
substances, the transmission values being lower than those
for 0.1 mpg. of vitamin Bjz. It can be concluded that no
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appreclable destruction of vitamin Byp-inhibitor occurs in
dilute solutions when heated for 10 minutes in boiling
water.

The affweﬁ upon the inhibltory power by autoclaving the
oxtract separately and then adding it to the medium was next
determined. The results of thls experiment are shown in
Table 26.

wab16 36¢

Comparison of Effect uyanlznhibikary Factor of Autoclaving
5 Minutes at 15 Pounds Pressure with Boiling for 10 Minutes

Per cent transmission®
Sample Dilution ' Auto= Auto~ Heated
Not claved claved in
heated with sepa- boiling
medium rately water

 Bxtract 1 1:10 87 16 16° =2 21
Extract 1 1:100 100 Sk -- 70 86
Extract 2 1:10 75 gs 15P 65 65

- Bxtraet 2 1:100 100 5 = 100 100

2 0,06 mpug. vitamin Bxg = 56,
® ¥o vitamin B1z.

It is apparent from the last two columns in Table 26
that autoclaving Ventriculin extracts for $ minutes at 15
1b. steam pressure is equivalent to heating for 10 minutes
in a boiling water bath. Again it is seen that only a slight
loas of inhibitory activity occurs when dilute solutions are



heated as shown by the results obtained with the 1:100 dilu-
tions of both extracts. Extract No. 1 at the 1:10 dilution
‘was inactivated by each method of heating used. This does
not agree with the results mbtaiamﬁ with the other three
dilutions. The inactivation might have been caused by some

of the other aubaﬁanasavin the extracts.

Effect of Certalin Substances on the Vitamin Byp
Inhibitory Principle

Previous expsriments have shown that the vitamin B,
inhibitor is inactivated by heating in contact with the basal
medium @@nﬁ#&n&&g vitamin Byp and that the inhibitor when
heated either in the autoclave for 5 minuteas at 15 lbs. pres-
sure or in a water bath for 10 minutes at 100° C. is not
affected. The identification of constituents) in the medium
responsible for the inactivatlon was the object of subsequent
experiments. It was also belleved that the study of the
inactivation of the inhibitor would lead to some information
about ﬁha nature‘af the vitamin Byp inhibitory prineiple.

Extracts of Ventriculin have been hested at pH values
ranging from 5.5 to 7.0 and véry little loss of inhibitory
aetivity occurred, but it was lost when autoclaved in the
medium at pH 5.5. The effect of heating at different pH
values was determined in the followlng way. In this experi-
ment (and all of the following) a Ventrieculin extract was



diluted with distilled water asc that 1t would give complete
inhibition for 0.l mug. of vitamin Bjo with a transmission
of approximately 100 per cent. Ten ml. of the test solution
were carefully adjusted to pH 2.5 with hydrochlorie acid and
another 10 ml, sample to pH 11.0 with sodium hydroxide so
that no significant change in volume would occcur. These

two tubes and the one contalning the diluted extract were
heated for 10 minutes in a boiling water bath, then cooled
and 1 ml, aliquots taken for the assay tubes. The results
of this experiment (Table 27) show that the inhibitory

power was destroyed by alkalil, but not by acid; in fact it
was inereased slightly by heating in acid solution.

Table 27.

Effect of Heating Vitamin Byp~Inhibitory Prineciple
in the Presence of Acid and Alkall

' Pransmission®
Extract, not heated 90
Extract, heated - 85
Extract and HC1 at pH 2.5 g%

Extract and NaOH at pH 11.0 I

& 0,1 mng‘vitamin Bz = 63.

Amino aclds, salts, viﬁamina, and other constltuents
of the basal medlum were heated with the diluted extract.
One ml. of amino acld sclution containing 10 mg. of the
amino acid was hested with 4 ml. of the test solution. One



ml. containing 2 mg. of amino acid per tube In excess of
the amount already present in the basal medium was used in
the assay. Two-tenths ml. of 0.1 M salt solutions were used
per L ml. of test solution and the volume made up to § mi.
Other concentrations are given in Table 28. When both amino
acids #nd salts were heated with the test solution, 1 ml.,
0.2 ml., and 44 ml. were used respectively. The substances
teated are presented in Table 28.

Only three significant reversals of vitamin By~
inhibitory activity appear, caused by histidine with
iron{II}, cysteine with histidine, and purine and pyrimidine

bases, The latter substances in high concentrations are

growth factors which replace vitamin Byp for L. leichmannii;
hence no effect upon the inhibitory factor is nenéaaary. No
reason for growth in the tube containing cysteine and
histidine is apparent.

4 theory for the reversal of the inhibition in the case
of histidine and iron{II) ion may be postulated. The vita-
min Bj2 molecule contains benzimidazole jolned to cobalt.
Histidine is an imidaszole derivative and iron forms aa&Q
plexéa gimilar to cobalt. In porphyrins iron is attached to
‘nitrogén in pyrrole groups. Iron and histidine substitute
for vitamin Bj2 by joining to the inhibitory fector in such
a way that 1t ocan no longer react with vitamin Bjs.

This hypothesis formed the basis for the next experi-
ment in which histidine and benzimidazole with iron(II),



x-@url-

Table 28.

Effect of Heating Certain Substances with
Vitamin Bjp-Inhibitory Principle

Substance heated with extract | Tpansmission®
Extract alone 95
MgS0) *TH20 - 96
FeS0) +THp0 92
MnS0) 96
w..mwmnu»ﬁa 99
wi;w‘swag».ﬁa acid 97
W..awuggn 86
wwuuuwwawsa 91
w,..maow»g 95
Wwﬂﬁ%vg@gu 98
Wxawwaa»g 98
mfw«gggg acid, xamag. 89
%&»»ﬁﬁ»ﬁa N gmm#.ﬂmmm 95
L-histidine, FesSO}+TH20 50
L-tryptophan, FeS0) *7H0 . 96
W...ﬁ.«.@wgg , xmme# 91
L-proline, FeS0) «7H0 100

{Continued on next page)

% 0.1 mug. vitamin Byp = 50.



Table 28. (Continued)
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Substance heated with extract | Transmission®
éfeyataina, histidine 61
S8odium eitrate (1 per cent) 92
Glucose (1 per cent) 81
Amino acid solutionP 80
Purines and pyrimidine® 22
B, Bg;\cﬁ;pantathanake, niaainb 99
Follc acid® 87
paraasminobenzoie acila® 86
Bg solution® ~ 98

b One ml. of solution used for preparing test
solution.

manganese (II), and cobalt(II) ions were added to the test
solutions containing the inhibitory factor, heated, and
assayed. BSalt solutions were used in the same concentra-
tions as described previously. Histidine was used in 0.05 M
and benzimidazole in 0.01 M solution. Portions of 2.5 ml,
and 0.5 ml., of the salt solutions were mixed with 10 ml. of
histidine solution and 10 ml., of benzimidazole solution,

respectively, before they were added to the test solutions.
All mixtures vere adjusted to pH 5.5 to 6.0 before being
heated.



The results for histidine in Table 28 do not check with
those in Table 29. However, the results obtained with
benzimidazole support the hypothesis. It should be men-
tioned that the mixture of inhibltory factor and substances

Effect of Heating Metal Ion-Imidazole Complexes
with Vitamin Byp~Inhiblitory Prineciple

e AR S0 - APk A e L0 RS T S b W X 5 O A A R it e 15785 Pt 50075 -4 06 Ao Ll AV 3 O Nl

Substances heated with extract Transmission®
Extract alone 90
é&h&atid&n& + Fell 89
gmwmme + Mnll ol
L-histidine + coll 91
Benzimidazole + Pell 59
Benzimidazole + Qoll 55

2 0.15 mpg. vitemin Byp = 50,

added has been prepared in two different ways. In the first
experiment (Table 28), the test substances were added one at
a time to the aclutxan‘aentaiuing inhibitor and mixed
between each addition. In the second experiment (Table 29),
histidine was first mixed with iron(II) and cobalt{IX) ions.
The same amounts of the test substances were used in both

experiments, Both aéahaiﬁaaa of mixing were repeated in a



subseduent experiment and similar anomalies occurred
(Table 30).

Burk and assoclates (19, 20) have studled the reactions
of histidine with metal ions. Histidine reacts instantane-
ously with eobalt(IX) ion at 24® ¢. to form cobaltodihisti-

dine. The complex 1a reverasible. However, it slowly takes

Table 30.

Effect of Heating Metal Ions and Imidazocles with
Vitamin Elgmxnhibitary ?rinniple

$ubataa¢aa haated with extract Transmission®

Extract alone 90
%fhiatiaine and Fell | 87
é?hiﬁtidin@ and pell P 83
L-histidine and Coll 59
L-histidine and Coll 98
' Benzimidazole and Fell 5l
8enzim1aa£ala and Coll 41

a 6.15 mpg. vitamin Byp = 36.

b substances wers mixed before adding inhibitory
primcipla.

up oxygen irreversibly. The reaction 1s 97 per cent com-
plete at pH 7.5 and 74 per cent complete at pH 6.0 with
0.01 M histidine. Complexes of histidine with iron(II) and
manganese (II) ions are not reversible. The iron(II) histi-
dine compound is rapidly oxidized to the iron(lII) compound.
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In these experiments histidine and the metal lons were
mixed in stolchiometriec amounts and the conditions were
favorable for the formation of their complexes.

It is apparent that the products formed from hilstidine
and cobalt(II) or iron(II) eannot react with the vitamin
Byp~-inhibitor under the conditions deseribed, but when they
are added separately to the vitamin Byp-inhibitor reversal
of inhibition is possible. It may be that a reaction be-
tween the inhibltor and histidine or cobalt iz not possible
because & bond required is being used in a cobalt histidine
linkage.

Benzimidagole was found {(120) to be a growth inhibitor
for several strains of yeasts and bacteria. However, in

this experiment benzimidazole with iron and c¢obalt neither

promoted nor inhibited the growth of L.
(@&blﬁ 31}:

deichmannil

| Table 31.
Effect of Iron, (obalt, and Benzimldazole upon
the Growth of L. leichmannii

o

Transmission

Substance added )
Q. 15 MU . No
/ Vitamin B2 Vitamin Bip
Benzimidazole and rell 38
Bﬁnzimidazala and ﬂaxr 37 100

None 36 100
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The inactivation of inhibitory factor in the presence
of these compounds would be of physioclogical aignificauae
if the same reaction ocourred at 37° C. Histidine and
benzimidagole were ineubated at 37° C. for 2 hours with
iron(II) and cobalt(II) in the presence of inhibitory fac-
tor. The data in Table 32 indicate that no reactlion with
the 1ﬁhibitér ocourred at this temperature.

Table 32.

.Efféet of Incubating Metal Ions and Imidazoles with
Vitamin Byp-Inhibitory Prineciple at 37° C. for 2 hours

ﬁnbatanaa added | Transmission®
L-histidine and Fell 100
Y-histidine and Coll 100
Bonzimidazole and Fell 100
Benzimidezole and Coll - 100

% 0.15 mug. vitamin Byp = 36.

Table 33.

Effect of Heating Metal Ions and Vitamin Byp-
Inhibitory Prineciple at pH 2.0

‘ slon®
Substance added . ?ranumiauien
| 379 ¢, for 2 hr, 100° C. for 10 min.
%7hist1d1ns and Fell 100 177
L-histidine and Coll 100 47
Benzimidazole and Fell 100 63
Benzimidazole and Coll 100 62

% 0.15 mug. vitamin Byp = 36.
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He#ting at pH 2.0 was performed to test the effect of

- low pH upon the reversal of inhibition, It should be
pointed out that intrinsic factor incubated with vitamin
Byp at pH 2.0 1s hematopoistically active, Howsver, the
mixture must be brought back to pH 5.0 or higher before
being fed to & patlent. The test mixtures were adjusted to
pH 2.0, one set was incubated at 37° C. for 2 hours, the
other set boiled at 100° ¢. for 10 minutes. The pH was then
breughtytu 5.5 before the solutions were added to the assey
tubes. The results (Table 33) do not differ significantly
from those presented in Table 30.

Testing of Blood Plasma Protein Fractions for
Vitamin Byp Inhibitory Principle

Bl@a& is analyzed to determine nutritional status or
changes in its composition caused by disease. When vitamin
Byp was dlscovered, blood was one of the first tissues to
be analyzed for thils vitamin. Many investigators have
found that dilution of the blood does not release all of
the vitamin By for microblological assay. Heating, enzy-
matic digestion and treatment with cyanide had to be used
for preparing the samples. The nature of the binding mub#
stance was not knownj; however it appeared to be protein.
Therefore, fractionation of blood into its components should

assist in locating the binding factor. It was expscted that



«98«

the sﬁbatunea@) binding vitamin Byp in blood would react
similarly with vitamin Bj2 in the bacterial assay causing
an inhibitory effect analogous to that found for gastrie
mucosal extracts. Fractionation of blood serum was begum
to separate, if possible, the vitamin Byo-binding proteins

from othsr proteins.

Fractionation of blood plasma

Bovine plasma was separated Into fractions by a method
used by Cohn and his associates(33) for buman plasma. This
method has already been deseribed under the section on
fractionation of the Ventriculin extract (page 68), and will
only be summarized briefly here.

Bovine blood was collected in a flask containing sodium
citrate whiech removes calclum and prevents clotting. The
cells were removed by centrifugation and a clear straw
yellow plasma was obtained. The plasma and all resgents
used were brought to 20 C. before the fractionation was
begun. Ethanol-sodium acetate reagent was added to 25 ml.
of plasma. The precipitate (Ppt. 1) was centrifuged and
the supernatant (Soln. 1)} decanted. All precipitates were
dissolved immediately in 2 per cent sodium ecitrate solution
to remove the mat#l ions from the protein as citrate com-
plaxas. The firat precipitate is reported to contain the
y-globulin, ﬁ1~1i$aprabain, By~1ipid-poor euglobulins, iso-
agglutinine, prothrombin, plasminogen, and fibrinogen. The
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zinc-ethanol reagent was added to the supernatant to pre-
cipitate the albumins, pj-metal-combining protein, glyco-
proteins, ep-mucoprotein, choline esterase, and aj-lipo-
protain.v The serum albumins were extracted with the ethanol-
barium acetate~sodium acetate reagent (Ext. 1). The pre-
cipitate remaining after the extraction of the serum albu-
mins was extracted w;th sthanol-sodium acetate~zinc acetate
reagent to remove fj-metal-combining protein and

aj-lipoprotein (Ext. 2).

Table 3k.

Nitrogen Values for Blood Plasma Fractions
Obtained by Cohn's Method

Fraction Volume Total nitrogen

ml. mg.
Plasma ‘ 25 276.5
Precipitate 1 ‘ 50 55.7
Solution 1 100 1.6
Extract 1 175 67.1
Extract 2 25 9.4
Precipitate 2R 50 127.1

The values given by Cohn (33) for per cent of each
constituent in blecd do noit agree with the proportion of
nitrogen obtained here (Table 34). For example, the serum
albumin was too low and the precipitate (ppt 2R) remaining

after éxﬁraatian stlll contained more nltrogen than would
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be found in the aj~lipoprotein. The discrepancy may have
been caused by the temperature difference, Cohn used -5° C.,
or the different kind of blood used. It could not be due to

loss of nitrogen since 99 per caﬁt was recovered.

Testing of the fractions for inhibitory activity

The results of the snalysis for inhibltory activity are
shown in Table 35. None of the fractions inhibited vitamin

Effect of Blood Plasma Practions
upon the Growth of L. leichmannii

Vi - D
S—————— o—

Per. cent transmission®

Fraetion Not diluted Dilutions
dialyzed Dialyzed , .7 red heated 3:100
Plasma - - 39 o -
Preclipitate 1 30 s5h 37 29 38
Solution 1 Lo - 36 34 37
Extract 1 29 ég L1 34 38
Extract 2 36 6 Lo 3L 36
Precipitate 2R L6 56 39 30 39

8 0.15 mpg. vitamin Byp = 34.

By, aetivity, nor did whole blood serum. It is possible that
the concentrations of protein were not high enough for deteeé
tion of inhibition. Precipltate~-2R, the only fraction ahﬂw;
ing inhibition, contained 2.5 times more protein per ml. than
any other fraction te#ted. The inhibitory action towards
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vitamin Byp was increased slightly by dialysis. This may
mean that growth factors, purine and pyrimidine derivatives,
waraVramaved. Because of the difficulties encountered in
this fractionation and the avallabllity of already purified

blood proteins this work was not continued.
Pure blood fractions

Humen blood plasma proteins were obtained from Dr. E.
J. Cohn. These proteins are described as follows: (I) 60
per cent fibrinogen and LO per cent sodium ecitrate; |
{II) 100 per cent y-globulin by electrophoresis; (III-3) un-
mown amounts plasminogen; (IV-7) 90 per cent p;-metal-
combining protein; (V) 95 per cent albumin and 5 per cent
gléglobulin; and acld glysoprotein (93 per cent aj-globulin}.
Acid glycoprotein and plasminogen were dissolved in 0.05 M
sodiun citrate; the others were dissolved in water. The
amounts used for testing inhibitory power and the results
of this experiment are given in Table 36.

Albumin did not affect the growth of the organism in
any amount tested. y-Globulin increased growth at 12 mg.
per tube and had no effect in lower amounts. Plasminogen
and fibrinogen at 12 and 4 mg. amounts per tube contained
enough impurities to increase the growth. Acld glyecoprotein
contained more growth promoting substances than any other

plasma protein tested. '
A definite inhibition of growth ogcurred with
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Table 36.
Effect of Plasma Protelns upon the Growth of L. leichmannii

Per aanﬁ tranxmiaxianﬁ'

Protein | Amount per tube
| 12mg, 8mg., ULmg. O.y mge VQ.Qukmg.

Albumin b5 w2 L3 42 4o
y-globulin 29 39 39 3
Plasninogen 20 30 38 3
Fibrinogen - 2h 32 37 39
By-metal combine ;

ing globulin 84 66 52 37 42

hmg, 1mg. 0.1 mg, 0.01 mg,

Acid glyco~
protein 22 33 38 2

® 0.15 mug. vitamin Byp = Lj.

Table 37.

growth of L. leichmannii after Heating Plasma Proteins
with the Basal Medium without Vitamin By,

Protein Amount per tube Per cent
‘ nNg . transmission
3

Albumin i 100
y-globulin 4 100
Plasminogen L 87
Fibrinogen , L 100
By-metal combining globulin g ﬁg

Acid glycoprotein
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py-metal-combining globulin. Amounts of 12, 8, and i mg.
per tube showed inhibition. This inhibition may not be a
specific inhibitlion of vitamin Bjp because this protein
binds iron and other metal ions. According to Surgenor,
Koechlin, and Streng {(105) 1.25 ug. of iron(II) ion are
bound per mg. of protein at pH 7.0. Iron(IIl} is bound
also. Blood contains 2l mg. of this protein per ml. The
medium contains 10 pg. iron per tube. Under optimum condi-
tions this amount of iron could be bound by 8 mg. of pro-
tein. However, the pH is‘nat optimum and the madium con-
tains other metal ions alse. But the possibility of a 1ink;
age to the cobalt of vitamin Byp can not be excluded by this
experiment.

It has been shown that heating proteins with the assay
medium will release vitemin Bj2. The plasma proteins were
heated in the medium without vitamin By, (Table 37). Albu-
min, globulin, and fibrinagan contained no growth substancees
in I} mg. amounts. Bl-ﬁstaIQQmeining globulin and plasmino-
gen released traces of growth promoting substances. One mg.
of acld glycoproteln contained growth factors aqai#nlent to
0.1 mpg. vitamin Byjp. In the previous experiments where
vitamin Bi2 was present, this protein enhansced growth.
Setmid (94, 95) has reported the properties of the acid

glycoprotein but its funection is not known.
Further investigations of the plasmma proteins will

probably disclose a vitamin Bjz~-protein relationship.
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DISCUSSION

Many problems lnvolved in the mieroblologleal assay of
vitamin Byp are not encountered in the determination of
other vitamins with mioroorganisms. Vitamin Bjp is not a
specific nutrient for L. leichmannii or other organisms used
for the assay of this vitamin. Purines, pyrimidines, and
thelr compounds can substitute for vitamin Byo as growth
factors for lactobacilli. Derivatives of vitamin Byp, such
as hydroxocobalamin and histidine cobalichrome, have growth
promoting properties similar to vitamin By» in animals,
whereas different responses are observed in microbiologloal
assay. Pseudovitamin By, and other vitamin Byz-1ike aamQ
pounds are bacterial growth factors, but are not active for
animal growth or in hematopoiesis.

A medium developed by Skeggs and assoclates (99) and
modifications of it were tried as basal media for the micro-

biological assay of vitamin Bjp with L. leichmannii. It was

found that the sensltivity to vitamin Byp was increased
when reducing agents were added, but the growth in the can§
trols was also inereased. If the snsymatically hydrolyzed
casein was left out of the medium, the effect of reducing
agents was decreased. Welch and Wilson (115) reported that
the effect of reducing agents was to enhance the growth
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promoting properties of substances in the enzymatically
hydrolyzed casein. Complete elimination of growth in con-
trols with good sensitivity to vitamin Byp was not obtained
with this medium so the method was replaced by another.

'xadiriaatians were made on a basal medium proposed by
Pesler, Yacowitz, and Norris (82). This medium contains
amino acids in place of casein. Growth effects due to pep-
tides or other substances Iin the caseln hydrolysate are thus
eliminated by the chemically defined composition. A study
made of the amino aclds showed that c¢ystine, norleucine,
and hydroxyproline could be omitted because they did not
affect the graﬁth\@r the organism. The cystine redquirement
can be met by bacterlal synthesis from cysteine.

Another. difference between the Skeggs and Peeler media
is the concentration of the salta. The smounts of irenm,
manganese , and magnesium salts in the Peeler medlum are
higher than those in the Skeggs's medium and greatly in
excess of the amounts needed by the organism for growth.
Several levels of these salts were studied for th@ir‘growth
effect and it was found that wide differences in the amounts
did not appreclably affect the growth although an amount
five times that used by Skeggs gave the most reproducible
results. Sodium citrate, which is used in the Peeler medium
is a growth inhibitor for several microorganisms. Since
good growth was obtained, it was retained in the medium. It
may be that the test orgenism is adapted to the citrate.
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Some of the fractions of the inhibitory factor tested con-
tained citrate and the inclusion of eitrate in the medium
may cancel out the effect of adding it along with the
inhibitory substances. )

Additional amounts of vitamins did not show any effects
upon the growth. The Peeler medium contained large amounts
of By vitamins. When the medium was autoclaved, these com-
pounds promoted growth even in the absence of vitamin Byos
the growth being proportional to the amount of heating. For
this reason it seemed advisable to decrease the amounts of
these vitamins. The amounts of pyridoxine and pyridoxal
were cut in half and pyridoxamine was omitted. It was found
that the organism could use each of these compounds equally
well. ,

The medium was autoclaved 5 minutes instead of being
steamed because the heating was more easily controlled in
this way, The conditions for heating the medium are very
eritical because the activity of vitemin Byo depends upon the
time and temperature at which it is heated with the medium.
8ince the assay was used to determine the inhibitory factor,
and standards were run in each assay for comparative pur-
poses, absolute values for vitemin By, were never determined.

Materials inhibitory to the growth of L. leiechmennii,

belleved to be proteins, oeccur in a2ll tissues. Extracts of

gastric mucosa were found to be inmhibitory to vitamin Byo
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in bacterial assay. The presence of growth factors in these
extracts complicated the assay of the inhiblitory factor.
Other investigators who used L. leichmannii for the assay
of vitamin Byp have had similar difficulties with mucosal
extracts (15, 96). These growth factors are heat-and alkali-
stable so, for the most part, they probably consist of
nucleic acid derivatives. |

A great deal of effort was expended wlthout suscess in
trying to separate the growth factors from the vitamin Bjp-
inhibitory prineiple. No precipltating agent nor any of the
conditions used have been found to give a concentrate of
vitamin Bjp-inhibitor free of growth substances. Dilalysis
removed a part of the growth substances, but not enough to
prevent interference in the assay. Ammonium sulfate, etha-
nol, or salt and ethanol were successfully used to precipi-
tate the vitamin Bjo-inhibitory principle from Ventriculin.
Although pure material was not obtained, much microbiolo-
glcally insetive protein and a portion of the growth sube
stances were removed in the precipltation processes. Di-
alyzed ammonium sulfate precipitates were used with reprodu-
¢ible results in testing the effect of other substances upon
the inhibitor. |

The disadvantage of these methods lies in the noﬂ;
specific action of thaaa precipitating agents in separating
various proteins from each cther. The Cohn method using

ethanol and heavy metal salts appears to be the moat useful
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method because the handling of large Quantities of salt and
ethanol are avoided. However, modifications &re necessary
in order to adapt this procedure to the particular proper-
tles of the proteins in the gastric mucosal extracts. Al-
though zinec and ethanol pra@ipiaataﬁ most of the inhibitory
m@%eriul from the extract, a little remained in the super-
natant solution. Subsequent extractions on the precipitate
were not satisfactory and aﬁﬁitianal work in varying the

| lonic strength and the species of,maﬁal ions needs to be
performed in order to purify the inhibltory factor. Buprke
hﬂiaar (22) also has used Cohn's zinc¢-ethanol reagent for
precipitating the inhibitory factor.

1t should be pointed out that Burkholder (22) used a
mutant of E. coli to test the potency of vitamin Byp inhibi-
tor. This organism is not affected by the growth substances
present in the mucosal extracts; hence hls assay has doubt-
ful value in following a purification process because it
has been shown in the work reported in this thesis that zinc
and ethanol will not separate the growth factors from the
inhibitory principle.

The acetone and secid preeipitation method of Glass and
assoclates (52) applied to Ventriculin yielded a product
with little vitamin Bjp-inhibitory action, .

The inhibltory factor was foﬁnd to be very stable; it
will withstand freezing and drying and can be kept for
weeks in & refrigerator without loss of activity. In dilute
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solutions at neutral and acid pH it will withstand boiling,
but its activity i1s readily destroyed by alkali. Ethanol
and heavy m@taia used in the precipitation process did not
affeot it.

No change in the absorption spectrum of vitamin Byp was
observed in the presence of gastric mucosal extracts. The
extracts used in thls laboratory probably did not contain
enough inhibitory principle to react with sll of the vitamin
B2 if & stoichlometric reaction 1s assumed to oceur. Wolf
and associates (119) incubated vitamin Bjp with gastric
juies for & long period of time with the assumption that
some enzymatic change would take place in the vitamin By,
molecule and observed no change in the absorption spectrum
from pH 2.0 to 7.0. Since these workers used only 2% ml. of
gastric julee a change in speetrum could not have been
detected 1f the reaction is stoichiometrie.

Ascending chromatography on paper of the vitamin By»
inhibitor was used to remove inactlve substances. The
inhibitory principle would appear to be protein because 1t
did not move on paper in concentrated salt solutions and was
colored by ninhydrin. It 1s probable that the material
colored by ninhydrin, which moved up on the filter paper
contained the growth substances, but the latter were not
detected because of the small amount of material applied to
the spot.

The filter paper pile appears to be a useful method for
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purifying larger amounts of material than can be obtained
on single sheets of filter paper. The inhibitory principle
is absorbed on filter paper and can be washed out with water.
In these processes the material waa diluted and it was not
determined whether or not all of the growth materials were
removed, On cellulose columns equilibrium was not estab-
lished and presumably everything ran through the column so
that the product was more dilute than the sample and still
contained growth factors. |

| Ion exchange has not received enough study for definite
conclusions to be drawn as to its possibilities in concen-
trating the inhibitory factor. However, the small number
of experiments performed did not separate the growth and
inhibitory factors. Robinson and associates (88) have
attempted to separate alkall-stabls factors from liver ex?
tracts using five different resins at pH values from 3.0 to
8.0. The factors ran rapidly through the column without
reacting with the resin.

Experiments in this laboratory showed that Ventriculin
@xtrﬁata eould be treated with trypsin and still retain
vitamin Bjp-inhibitory aetivity. The assay of the inhibi-
tion was complicated by gr@wﬁh factors released by proteo-
lytic action., It should be recalled that enzymatically
hydrolyzed caseln, containing growth stimulating peptides,

was eventually omitted from basal media because high blanks
were obtained. Burkholder (22) found that papain, trypsin,
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and pepsin dld not destroy the vitamin Bjp-binding activity
of gastric extracts. Bethell and assoclates (1ll) reported
that trypsin did not destroy the hematopolietic activity of
intrinsic factor incubated with vitamin Byo. On the other
hand Gregory, Ford, and Ken (53) reported inactivation of
vitamin Byp-binding taet@r in sow's milk by papain. How~
ever, the miik factor is probably diffaront from the gastric
factor.

Heating experiments in this laboratory showed that the
vitamin Blg;inhibiuary factor i1s not inactivated by heat in
dilute solutions when heated separately. Heating in a
boiling water bath for 10 minutes and autoclaving for 5
minutes at pH 5.5 to 7.0 resulted in no significant loss in
activity whereas boiling at alkaline pH destroyed the vita;
min Bip«inhibitory principle. Several lnvestigators have
found that heating does not prevent the reaction of vitamin
B12 with gastric factors and others report that vitamin 312
cannot be completely recovered for mliecrobiclogical assay by
heating the complex. Castle and associates (26) claimed
that the intrinsic feactor was destroyed when gastric julce
was heated. However, subsedquent work on concentrates of
intrinsie factor have shown that mixtures of vitamin Bz and
gastric extracts were still hematopoletically active after
heating. Klein and Wilkinson (72) found that aleohol yraQ
cipitates of the press julce of hog stomach were still ac-
tive af'ter heating to 80° ¢. Hall, Bethell, and others



~TAyjewip~9‘ S eys pus 37wqoo eug ysIm ‘sjujod omg 9w
elg Qﬁﬂﬁ&#b Q»ﬁk sesTun eouwysqns LI04TQTUUT UL *SMOTTOJ
g8 87 spunodwos ewey] JO UOTAO® Y3 J0J eyseyzodiy y
*D olf 3% 30u 3nq ‘*D
000T 3% Hd PIO¥ 3% POIINDOO SUOTIO®OS 98GUY *QUTPTISTY pue
UOIT UBy] @ATI00JJIe OJ0UW USAe 9] O PUNOJ &JeMm OTOTUPTWTZUSq
pus q7eqo) ‘eTnoeTowm Zlg uTweITA euyj UT PUNOJ 6w YOTUM
(I1)3Teqoo pue seToZePIwWzUeq Jo Fupise) oys Of PO eanjonIys
2lg UTWe A eys Jo squeuoduwoo 03 spunoduos ewsyy Jo L3TJeT
-jwie oyl *Bupjeey uodn Jo3rqrTyur-€lg ulwespa syg Jo uoyy
-8AT308UT pesneo (II)eseusBusw a0 (IT)uoas Jo eouessad eys
uj euIpIIsTy LTHO pejses sedsusjsqns oyy Juowy ‘ucizoe Laog
-FqQTUUT ey3 Jo uojsondgsep eyj Bursnee sjuedv eyl Jo sanjeu
. ema PUTWIOI P 0F JIePIO U] Pe3eT[IFGAUT @JdeM uMTpem [BSeq
oul JO SjUeN3ILUOD oYl ‘PesBely SV OINIXTW SUYJF USYA UOTI
~BATIOBUT oYY J0J eTqisucdeod eJem FSOUBIRANE JOUJO0 WYL I4Ng
Jued® SATIONJIIBED OYJ J0U SBM 390y a9ys pedeeddw 37 ‘euoct®
37 Sujpgwey pue umipew Teseq eyy uj etdioutad Axegyqryui-Zlg
utwegTAa ouq Burgvey Lq peAdesqo e9DUSISIITP OUGF WO
+soverd jooq Furgwey YLSIUM JepuUn SUOTITPUOO
ous petJiceds qou saey sI03wdTiseautr Auww esnedoeq 4INOTS
~JIP 87 Bupawey Jo £406JJ6 6UY3 JO UOTIENTRAS UY *E308IIXe
o1x3e88 wouxy Lessw TejLesowq a0 Slg urmesata eys Jo TTe Bug
~38ey Lq Jesoved jou pip (Hot) Leadg pus (96) meys °*0 4001
03 pegwey Sureq JejJe AT30w Aryvorjetjodogewey [TT38 eds
2lg upweaTA pue J0308J OTSULIGUT BYZ umoys eaey {95 ‘N1

-T11~



o 2

benzimidagole, thus making the vitamin unavailable to the
test organism and resulting in inhibition of growth. In the
presence of both cobalt and benzimlidazole the two reactive
sites of the inhibitor are tied up, it becomes Iinactive
toward vitamin Byp, and no inhibition of Byp activity re-
sults. However, neither cobalt nor benzimidazole alone can
inactivate the inhibitor and thus prevent its inhibition of
vitamin Bjp. Additional work needs to be done with other
compounds such as the ribosides and ribotides of imidazoles,
in order to establish a physielogical relationship.

Blood is known to contain small amounts of vitamin Bjp,
which are not avallable to bacteria untll the blood is
heated or subjected to enzyme action. PFractionation of
blood did not aid in locating the binding substances in the
experiment performed. Several pure protein fractions from
blood were tested for vitamin Bjp~inhibitory activity but
were found to be less active than the mucosal extracts.
B1~Mata1;oambining protein showed a definite inhibition of
growth of L. leichmannii. This protein may cause only an

indireet inhibition of growth by removing metal ions from
the medium. The acid glycoprotein increased the growth;
perhaps it contained nucleotides or vitamin Bjp attached to
it. When heated, it gave excellent growth even without
vitamin Byp in the medium. Schmid (95) reported that this
protein is not denatured by boiling. There are several

similarities between this protein and those of the vitamin
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Byp-binding substance. Although stability to heat is not a
common property of proteins, there 1z yet no evidence that
the vitamin Bj2-binding factors are not proteins.

The identity of intrinsie factor with the vitamin Bjo-
binding factor in gastrie mucosal extracts cannot be aatabé
1ished from the results obtained in this laboratory. Their
purification and testing on pernicious anemia patients would
be necessary in order to determine a relationship.

Welch (112) denled that any relationship exists because his
intrinsic factor concentrates did not have any mierobiolo-
gleal activity. Bethell and assoclates (14) believe that
the intrinsic factor activity and the mlierobiologically
determined vitamin Byjp-inhibitory activity are parallel.

If such a relationship were established, the purification of
the intrinsic factor and 1its relationship to vitamin Byo
could be more easily studied.
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SUMMARY AND CONCLUSIONS

1. A microbilological method for the assay of vitamin
Byp using Lactobacillus leichmannii (modified from a method
proposed by Peeler) has been adapted for use in vitamin

B12 inhibition experiments.

2., Inhlbitory principle concentrates, which prevent
the use of vitemin Byp by bacteria, have been prepared from
hog stomach mucosa (Ventrieulin).

3. Ammonium sulfate, ethanol, and ethanol with salts
with controlled ionic strength were effective precipitating
agents for the vitamin Blgéinhibitary principle, whereas
acetone~isoelectric precipitation produced largely inactive
material. ‘

k. Growth promoting substances which are non-dialy-
zable, alkall and heat stable, were precipitated with the
vitamin Bjg~inhibitory factor under all the conditions used.

5. The growth substances could be removed from the
inhibitory prineiple by uaeenﬁing chromatography on paper,
but not by cellulose columns or ion exchange resin IR-120.

6. Tryptic digestion of gastric mucosal extracts did
not destroy the vitamin Bjp~-inhibitory prineilple.

7. The absorption spectrum of vitamin By, was not

changed after incubatlon with gastric mucosal extracts.



o llSn

8+ The vitamin Bjp-inhibitory principle was inactivated
when autoclaved in the basal medium but not when autoclaved
alone.

9. The vitamin Bj2-inhibitory prinociple was stable to
boiling in neutral or aeid solutions.

10. The inhibitory prineciple was inactivated by boiling
in the presence of histidine or benzimidazole with either
iron(II), cobalt(IIl), or manganese(Il) at acid pH.

11‘ Fractlonation of bovine blood plasme did not aid
in loecating the vitamin E;g;inhibitary substances in plasma.
12. Albumin, y-globulin, fibrinogen, and plasminogen
were not effective as vitamin Bjp inhibitors, but ﬁ1~matalé
combining globulin was inhiblitory to the growth of Laecto-

bacillus leichmamnil and unheated or heated acid glya@Q

protein contalned growth substances.
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