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washed with water. This gum gave an H-test showing
yellow — greenish-violet (dichroic) colours. It was dissolved
in acetic acid (10 ml.) and the cold solution treated with
209% CrOy4 (1 ml.). After 15 min. it was diluted: the partly
crystalline precipitate was collected after 2-3 hr., washed,
and recrystallized from dilute ethanol. Yield, 0-:55 g. of
needles, m.p. 185-188°, raised to 190-191° by recrystalliza-
tion from L.p./benzene and ethyl acetate. (Found: C, 69-3;
H, 8-8. Calc. for C,,H“O,: C, 69-0; H, 8-8%.) H-test,
negative.

This ester (0-3 g.) was heated in a sealed metal bomb for
4 hr. at 200-210° with a solution of Na (0-1 g.) in ethanol
(2 ml.) with hydrazine hydrate (0-3 ml. of 95-999,). Acidi-
fication of the diluted contents of the cooled bomb precipi-
tated a solid which separated from dilute ethanol as long
white needles (0-15g.) of 7:12-dihydroxy-cholanic acid
(III), m.p. 205°.
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SUMMARY

1. The series of six\ possible acids obtainable by
the oxidation to carbonyl of one or two secondary
hydroxyl groups in natural cholic acid has been
completed by the preparation of 12-hydroxy-3:7-
diketo-cholanic acid.

2. New derivatives of this acid, of 3:12-dihy-
droxy-7-keto-, 7:12-dihydroxy-3-keto-, and 3-hy-
droxy-7:12-diketo-cholanic acids are described;
methods for obtaining such substances have been
further explored.

The author thanks Allen and Hanburys Ltd. for a gift
of cholic acid.
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A Growth Factor for C. diphtheriae Present in Liver

By F. W. CHATTAWAY, FRANK C. HAPPOLD anp MARY SANDFORD, Biochemical
Laboratorties, School of Medicine, Leeds 2

(Recetved 11 December 1943)

In studies on the nutritional requirements of
C. diphtheriae,” Evans, Handley & Happold (1939)
found that a basal medium of known composition
including nicotinic acid, pimelic acid and g-alanine
(Mueller, 1937 a, b; Mueller & Cohen, 1937) sufficed
for the growth of certain exacting gravis strains
only with the further addition of certain liver
fractions soluble in amyl alcohol, which were them-
selves replaceable by pantothenic acid. It was
shown that these more exacting gravis strains,
in contradistinction to other strains, were unable
to effect the synthesis of pantothenic acid from
B-alanine and thus required the complete molecule
in their nutrient medium. Subsequently it became
apparent that there existed strains, of intermedius
and gravis types, which failed to grow when inocu-

lated lightly into the pantothenate medium but -

which did so readily upon the further addition of
liver concentrates. Representatives of both inter-
medius and gravis types have now been used as test
organisms and it has become apparent that the
new factor or factors required are identical for both
the exacting intermedius and gravis strains. With
a gravis strain of C. diphtheriae, sub-type Dundee,

growth occurs in the form of a pellicle, the medium
below remaining clear. The pellicle form lends itself
to rapid visual estimation suitable for the routine
measurement of the growth response to various
addenda. We have utilized the growth response of
the Dundee organism as the criterion of the presence
of active material in liver preparations, and have
attempted to concentrate the active substance re-
quired by this class of exacting strain (preliminary
report: Chattaway, Happold & Sandford, 1943).

EXPERIMENTAL

Inocula. The standard gravis strain used throughout was
isolated by Prof. Tulloch of Dundee. All stock cultures
were maintained on Loeffler medium in the ice-chest. Prior
to inoculation of test medium the strains were grown over-
night on chocolate agar, after which a small amount of the
culture was introduced into approximately 3 ml. of sterile
distilled water so that a turbidity was just discernible under
the meniscus. - After thorough distribution by shaking,
inoculations were made with- a loopful of the weak sus-
pension.

Basal medium : l-tryptophan, 0-2 g.: dl-cystine, 0-2g.;
dl-phenylalanine, 0-1g.; glycine (synthetic), 0-5g.; dli-
methionine, 0-1 g.; dl-vsline, 0-2 g.; dl-glutamic acid HCI,
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0-5 g.; dl-alanine, 0-1g.; dl-leucine, 0-2g.; dl-isoleucine,
0-2 g.; aspartic acid, 0-5 g.; d-lysine di-HCI, 0-1 g.; I-histi-
dine HCl, 0-1g.; sodium lactate, 0-9g.; NaCl, 4-5¢g.;
K,HPO,, 0-84g.; MgSO,.7H,0, 0-35g.; CuS0,.5H,0,
0-0005 g.; ZnSO,.7H,0, 0-0004 g.; MnCl,.4H,0, 0-0002 g.;
FeSO,.7H,0, 0-0001 g.; nicotinic acid, 1000.g.; B-alanine,
1000 ug. ; pimelic acid, 80ug.; Ca pantothenate, 100 ug. The
medium was adjusted to pH 7 and made up to one litre.
It was distributed in 5 ml. amounts in 6 x } in. test-tubes
and autoclaved at 10 1b./sq. in. for 10 min. After cooling,
0-00025 g. CaCl, was added per tube from a sterile solution.

Other addenda were added in a sterile condition by
aseptic technique. After thorough mixing of their contents,
the tubes of medium were incubated at 37 for 3 or 4 days.
Records of growth were usually obtainable at 30 hr. and
onwards and were made as follows:

tr. = A trace of pellicle, just visible to the naked
eye and covering less than half the
meniscus.
1 =A pellicle occupying at least half the
surface.
+ =A pellicle covering thinly the whole of the
surface.
+4, + 4+ + {.—.Pel]icles of varying thickness occupying
ete. the entire surface of the liquid.

Active material. Active material was furnished by crude
liver concentrates,. the earliest of which were prepared by
Prof. A. R. Todd and Dr B. Lythgoe of Manchester, in
conjunction with one of us (F.C. H.), and constituted a
series of which BB31 was the standard fraction. This was
a portion of the amyl alcohol insoluble fraction of whole
liver (Glaxo Laboratories Ltd., first residues), a solution
of which contained 0-276 g./ml. after being dried at 100°
and which was equivalent to 23-4g. of fresh liver/ml.
Subsequently preparations of liver, available as by-products
in the concentration of the pernicious anaemia factor, were
subjected to fractionation procedures in Leeds, constituting
the series as set out in Fig. 1. It is possible that these
starting materials, ethanol extracts of whole liver, do not
constitute the most potent sources.

RESULTS
Stability of active component

(1) Action of strong acid and alkali. The stability
of the factor varies widely with the hydrogen-ion
concentration, being very much greater at plIl
values below 7 than at those above. Heating liver
fractions in either a crude or a relatively purified
state, with concentrations of hydrochlonc or sul-
phuric acid up to 209, for 1} hr. at 100°, caused
no loss in activity. A purified preparation lost 33 9,

of its potency by heating at 100° for 1 hr. at pH 9,

and 90 9, after 1} hr. at pH 11.

(2) Action of nitrous acid and ninhydrin. Nitrous
acid treatment was found to destroy the active
substance. The approximate amount of nitrous acid
required in order to ensure an excess was calculated
from a determination of the amino-nitrogen by
formol titration (amino N/ml. of BB31=3mg.;
NaNO, used =20 mg./ml.). After standing over-
night the treated solution was evaporated to dryness
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and redissolved in sterile water prior to testing.
70-909, of the active material of fraction BB 31
was destroyed.

The same liver fraction, when boiled for 15 min.
with 120 mg. of ninhydrin (triketohydrindene hy-
drate) in 12ml. of one-third saturated potassium
dihydrogen phosphate solution, developed a deep
purple’ colour and evolved carbon dioxide. High
concentrations of the treated liver fraction were
inhibitory to growth, although the latter occurred
at lower concentrations, but the zone of growth did
not extend to the minimum concentrations effective
in the case of the untreated liver fractions, corre-
sponding to a loss of about 759, of the active
material. The same was found with the most
purified concentrates.

(3) Methylation and acetylation. Methylation
and acetylation invariably destroyed all activity.
Methylation was carried out by refluxing the dried
liver preparation for 1 hr. with anhydrous methanol
containing 4 9, of hydrogen chloride. The acid alone
occasioned no loss in potency. All attempts to
recover the active material by acid hydrolysis and
by mildly alkaline hydrolysis failed.

Acetylation by refluxing the dried liver material
with acetic anhydride and pyridine led to the pro-
duction of inactive, insoluble gummy material.
A better method was to treat with successive
amounts of ice-cold acetic anhydride and caustic
soda. The acetylated product was completely in-
active, and potency could not be restored by

.neutral or acid hydrolysis.

" (4) Owzxtdation. The dried liver fraction was taken
up in hydrogen peroxide solution (‘20 vol.’). After
the solution had stood overnight excess hydrogen
peroxide was removed by evaporation. This treat-
ment destroyed 70-80 9%, of the active material.

(5) Bromine. 1ml. of a purified fraction X
(Fig. 1) sample was heated with excess bromine
(3—4 drops). After standing overnight the halogen
was removed by aeration; growth tests revealed
no serious fall in potency.

Purification of liver concentrates

Adsorption. It was observed that the active material
was readily adsorved on norite charcoal. Adsorption took
place more completely at acid or alkaline reaction, a neutral
filtrate retaining considerable activity. Approximately
1-5 g. of norite added to 1 ml. BB31 in 9 ml. water at pH 3
removed practically all the active factor; the adsorbed
active material could be quantitatively recovered by elu-
tion. At pH 9 the factor was similarly distributed but at
pH 6-5 approximately 509, remained unadsorbed. It was
possible to effect some degree of elution by using water at
pH 7 but for complete recovery more vigorous methods
had to be adopted. A mixture of 509, ethanol and 109,
NH, at 60° was satisfactory, when used repeatedly until
no more colour was released from the adsorbent. Practi-
cally no activity could be demonstrated in eluates from
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fuller’s earth adsorptions at pH 3. These observations were
used in designing the methods for large-scale concentration.
' Eaxtraction with organic solvents. No active material could
be extracted by means of petroleum ether, chloroform, or
diethyl ether. Amyl alcohol extracted, at pH 1-2, a fair
amount of pigment, leaving the active material in the
aqueous residue, thus differentiating it sharply from panto-
thenic acid, which is extracted under these conditions.
Preliminary experiments showed that similar results were
to be expected with butanol. The effect of the pH of the
aqueous phase was tested in more’ detail. In each case a
known volume of BB31 at the required pH ‘was repeatedly
extracted with n-butanol, the extracts taken to dryness
in vacuo and redissolved in water to the original volume.
At pH values of 1-2, 5-6, 7 and 9 no appreciable amount
of the factor entered the organic phase.

Repeated extraction of partially purified liver prepara-
tions with p-cresol at pH 3 removed about one-third of the
solids including the bulk of the pigments, and left the
greater part of the activity in the aqueous residue. This is
in contrast to the component of our liver concentrates
which functions in the stimulation of lactobacilli, and which
is extracted by this organic solvent (Chattaway, Happold,
Lythgoe, Sandford & Todd, 1943).

Ethanol precipitation. Although more and more activity
was precipitated as the ethanol concentration was increased
from 70 to 909, the actual activity/g. of solids re-
mained the same. By employing ethanol concentrations of
50-609%,, gross amounts of inorganic impurities were elimi-
nated. In the case of the most purified preparations
(fraction X, Fig. 1), we attempted to separate the active
component by repeatedly extracting the dried liver material
with boiling ethanol. This removed less than half the re-
maining solids, much organic as well as inorganic matter
remaining insoluble. Although at least two-thirds of the

active factor was extractable by this procedure, there was

a marked diminution of total activity, possibly attributable
to that mechanism which caused loss during methylation.

Acetone and dioxane. Acetone in 60-909, (v/v) concen-
tration gave two immiscible layers in the case of fraction X
(Fig. 1). At the higher concentration the upper layer was
almost colourless and devoid of activity—very little
material was extracted. At 609, concentration, activity
wasequally distributed between the two layers and it seemed
likely that repeated extractions would yield useful results.
Repeated treatment of a dry purified preparation with hot
dioxane showed that the factor is almost insoluble in this
solvent.

Barium. Throughout the work baryta was used to’

eliminate excess sulphate, and vice versa; in no case was
there evidence of removal of activity during such manipu-
lations. Ethanol fractionation of barium-treated liver pre-
parations according to the method of Hind, Lythgoe,
Macrae, El Sadr, Todd & Work (1939) did not permit
purification since the bulk of the material and of the
activity remained in the 779, ethanol insoluble fraction.
Silver. Activity resided wholly in the filtrate when liver
concentrates were subjected to precipitation with silver
nitrate at pH values of 2, 4-5, 7. At pH 9 a small amount
of activity was found in thc precipitate also. Excess silver
was removed either with hydrochloric acid or hydrogen
sulphide. Precipitation with silver sulphate by the method
tf Kossel (1898) was also investigated. The liver fraction
was adjusted to pH 4 and treated with excess of a sus-
pension of silver sulphate in water. Tho precipitate was
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removed and decomposed with hydrogen sulphide. The
filtrate was adjusted to pH 7 with baryta, an excess of
silver being maintained. This precipitate was also separated
off, acidified with dilute sulphuric acid, filtered and cleared
of residual silver with hydrogen sulphide. Similarly a pre-
cipitated fraction at pH 9 was obtained. The final filtrate
from these three precipitates was acidified with sulphuric
acid, filtered and treated with hydrogen sulphide. The
original activity of the fraction was found to be present
in the final filtrate and to a small extent in the precipitate
formed at pH 9. Precipitation could not be made more
complete by carrying through the process at more alkaline
reaction. Thus it would appear that the active component
does not form an insoluble silver derivative but is to some
extent adsorbed on to inert material at pH values above 8.

Mercury. The filtrate fractions were fully active when

" fraction VII (Fig. 1) at pH 6:8 was precipitated with

mercuric sulphate or mercurous chloride, the mercury being
removed with hydrogen sulphide.

Lead. Liver concentrates were precipitated with excess
lead acetate solution at pH values of 2-8, 6-9 and, in the
presence of baryta, at pH 9-10. In all cases the activity
was predominantly in the filtrate fractions. When hydrogen
sulphide was used to remove lead some active material
could be recovered from the lead sulphide by elution with
ammonia. In other experiments the use of basic lead
acetate and ammonia was found partially to precipitate
the factor. The precipitation has, however, never been
complete and was probably due, as in the case of silver at
alkaline reactions, to adsorption rather than salt formation.

Other precipitants. The active substance was not precipi-
tated by: platinic chloride; brucine in 359, ethanol at 0°
for & week; saturation with ammonium sulphata reinecke
acid (Dakin & West, 1935); rhodanilic acid; picric acid;
flavianic acid; dimedone.

Phosphotungstic acid gave variable results with crude
preparations; with purified preparations, however, the
factor remained consistently in the filtrate, without serious
reduction in potency. Phosphotungstic acid used as a 509,
solution in 59, sulphuric acid removed considerable quan-
tities of inert material, including much pigment. Excess
reagent was eliminated by making the solution alkaline
with baryta, ﬁlbermg and acidifying with sulphuric acid as
rapidly as possible in order simultaneously to correct the
unfavourable reaction and to remove barium.

Since it was found that fraction XI contained sugar and
perhaps other reducing material, the effects of 2:4 dinitro-
phenylhydrazine and of phenylhydrazine were investigated.
Removal of the insoluble derivatives obtained did not result
in any loss of activity.

Concentration of the growth ftwt?r from liver

A method of concentration suitable for large-scale
work was designed on the basis of the information
obtained in the preliminary examination already
recorded. The steps in the method are recorded in
Fig. 1. The ethanol concentrates (fraction I) from
1100 kg. fresh liver were diluted with water and
extracted with light petroleum (b.p. 40-60°) until
no more material was removed. The residue (frac-
tion IT) was diluted to 20 1., brought to pH 3 with
sulphuric acid, shaken for 1 hr. with 4 kg. of fuller’s
earth, filtered, the adsorbent washed with acidified

8
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water and the combined washings and filtrate

(fraction IIT) shaken at pH 3 for 1 hr. with successive .

amounts (2-7 kg. each time) of norite charcoal until
no active material remained in the filtrate. The
charcoal + adsorbate (fraction IV) was suspended
in a mixture of 509, (v/v) ethanol and 109, NH,,
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whole fraction was saturated with ammonium sul-
phate and filtered; from the filtrate SO,~ was re-
moved with baryta, and NH, by distillation. The
concentrate (fraction VI) at pH 3 was extracted
three times with 900 g. p-cresol; the aqueous residue
(fraction VII) at pH 4 was heated with a hot

Whole liver (1100 kg.)
‘ |
Fraction I. Ethanol extract (9-8 kg.)
Extraction with pefroleum ether
L
| |
Fraction 11. Residue Light petroleum extract—inactive
| .
Adsorbed on fuller’s earth, pH 3
L
I |
Fraction 111, Filtrate (4700 g.) Adsorbate—inactive
Treated with norite, pH 3
|
|
Fraction IV. Adsorbate—active Filtrat!e——inmtive
| . .
Eluate (660 g.) extracted with amy! alcohol pH 1-2
|
| l
Fraction V. Residue (580 g.)—active Extract—inactive
Repetition of fuller’s earth adsorption pH 3
| .
| |
Fraction V1. Filtrate (540 g.)—active Adsorbate—inactive
Extracted with p-cresol, pH 3
— |
Fraction VII, Residue (322"3.)——-active Extract inactive, retained for investigation
. of Lb. casei growth factors
Treated with silver sulphate
|
_ |
Fraction VIII.  Filtrate (211 g.)—active Precipitate—inactive
Solid material warmed with 609, (v/v) ethanol
|
I [
Fraction 1X. Filtrate (137 g.)—active Residue—inactive
Treated with phosphotungstic acid
| X
! - | .
Fraction X. Filtrate (80 g.)—active Precipitate—relatively inactive

Fig. 1. Concentration of the growth factor from liver.

warmed to 60°, stirred for 30 min., filtered at once
and the filtrate distilled ¢n vacuo. This elution was
repeated until no further active material was re-
moved. The combined eluates were concentrated
in vacuo, adjusted to pH 1-2 with sulphuric acid,
repeatedly extracted with amyl alcohol, the aqueous
residue (fraction V) freed from reagent, adjusted
to pH 3 with baryta and the fuller’s earth adsorp-
tion repeated, using 360 g. fuller’s earth. A small
amount of the concentrated filtrate from the second
fuller’s earth adsorption was.then saturated with
ammonium sulphate; if a precipitate formed, the

aqueous suspension of sliver sulphate, filtered, the
filtrate adjusted to pH 7, silver being maintained
in excess, silver removed from the filtrate by
hydrogen sulphide and the filtrate (fraction VIII)
concentrated to dryness in vacuo. The residue was
warmed with 609, (v/v) ethanol (250 ml.), left to
stand in ice-chest, filtered. Ethanol was removed
from filtrate (fraction IX) which was then treated
with & mixture of 509, phosphotungstic acid and
59, sulphuric acid in excess. The mixture was then
filtered and the filtrate treated with excess baryta
and the necessary amount of sulphuric acid, yielding
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fraction X. A portion of the latter (36 g.) was
extracted with absolute ethanol until no more
material was removed (fraction XI; 16 g.). Frac-
tion XI contained total N (micro-Kjeldahl) equi-
valent to 69 w/w, formol-N 0-569%,, total phos-
phorus (Fiske-Subbarow) 0-16 %, no sulphur. This
fraction contained carbohydrate not exclusively in
free state, since the amount extracted could be
increased by acid hydrolysis. Fraction X promoted
good growth in concentration of 5ug./ml. basal
medium; 0-05ug./ml. showed detectable growth in
72 hr.
DISCUSSION

Although the nutritional requirements of many
strains of C. diphtheriae have been extensively
studied, the identification of a further growth factor
must be made before certain more exacting strains
can be cultivated from light inoculation into a
medium of known composition. Whilst some strains
of gravis and intermedius types are entirely de-
pendent upon the supply of this factor, evidence
has been obtained that its importanceis not limited
to these organisms but that it is capable of exciting
a marked stimulation with strains of all three types.

Several compounds have been tested in attempts
to simulate the effect of the liver concentrates,
including: biotin, p-aminobenzoic acid, inositol,
choline, adenosine, adenylic acid, adenine, guanine,

uracil, cytosine, xanthopterin and amino-acids not -

included, in the basal medium. The distinction be-
tween the present factor and the stimulant for
Lb. casei, which accompany each other during the
first stages in purification, has already been men-
tioned. The Lb. casei factor resembles in its other
properties folic acid as described by Hutchings,
Bohonos & Peterson (1941), and it follows that the
present C. diphtheriae factor cannot.be identified
with folic acid. A sample of the latter provided by
Prof. R. J. Williams had no influence upon growth
of our Dundee test organism, either alone or with
the addition of active preparations.

It seems probable that the new growth factor
cannot be identified with any substance of recog-
rized physiological importance. Its properties indi-
cate certain structural features; its relative sim-
plicity is exemplified by its dialyzability, its re-
sistance to enzymes such as pepsin, trypsin and
taka-diastase and its solubility in saturated salt
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solutions. The molecule i8 predominantly neither
basic nor acidic; the adsorption properties suggest
that the isoelectric point lies in the region of
neutrality. The factor undergoes loss of physio-
logical function upon methylation and acetylation,
the loss being due either to the inactivity of the
methyl or acetyl derivatives or to general instability
of the factor towards these reagents. The procedure
employed during methylation is such that in all
probability substitution is possible only at a car-
boxyl group; the fact that reactivation does not
occur on hydrolysis indicates that the acid alcohol
exerts other action upon the molecule. The resis-
tance to hydrolysis of the acetylated product is
perhaps suggestive of N-acetyl groups. Other evi-
dence for the presence of nitrogenous groups is
furnished by the results with nitrous acid and
ninhydrin, the latter reacting with substances
having the molecular construction
R—CH—COOH and R—CH—COOH

N. NH(!H,R’
(Dillon, Hamilton, MacFadyen & Van Slyke, 1941).
Although certain of the liver constituents react with
ninhydrin in the manner indicated by Van Slyke,
there remains the possibility that inactivation may
be due to some other mechanism such as oxidation
(Rinehart & West, 1942).

SUMMARY

1. Evidence is presented that certain gravis and
intermedius strains of C. diphtheriae require a
further unidentified growth factor when cultivated
in & medium of known composition.

2. The new growth factor is present in whole
liver; processes used in its concentration from this
source are described.

3. The properties of the factor and their relation
to possible structural groupings are discussed.

We acknowledge our indebtedness to Profs. W. J. Tulloch
and J. W. McLeod for strains of C. diphtheriae, to Prof.
A. R. Todd and Dr B. Lythgoe for certain liver fractions
(Glaxo Laboratories Ltd.), to Prof. R. J. Williams for a
sample of folic acid, and to Mrs D. E. Dolby for polari-
metric determinations. Sincere thanks must be expressed
to Messrs Rowntree and Co., Ltd., York for a research
scholarship to one of us (M. S.) and to the Medical Research
Council for a grant (made to F. C. H.). Boots Pure
Drug Co. Ltd. kindly supplied the crude liver extracts.
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