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Vitamin B;, Activity of 5,6-Dimethylbenzimidazolylcobamide Coenzyme for
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The isolation and properties of 5,6-dime-
thylbenzimidazolylcobamide coenzyme (DBC
coenzyme), which is structurally similar to
Vit. Bis, have been described(1,2). This co-
enzyme is required for conversion of gluta-
mate to B-methylaspartate by cell-free ex-
tracts of Clostridium tetanomorphum(2), and
also for isomerization of methylmalonyl-CoA
to succinyl-CoA(3-5). The DBC coenzyme
has activity similar to that of Vit. B;» for sup-
porting growth of Ockromonas malhamensis
and the Vit. Bys-requiring mutant of Escheri-
chia coli(2). Since presence of the coenzyme
has been demonstrated in rabbit liver, it is
reasonable that this compound may also be a
coenzyme form of Vit. By, for higher animals.
In the present study, activity of the DBC co-
enzyme was compared with that of Vit. By,
for supporting growth of young chicks. A
second parameter used for assessing DBC co-
enzyme activity was suppression of formi-
minoglutamic acid (FGA) excretion by Vit.
Bio-deficient chicks. This metabolite of his-
tidine, which is excreted in negligible quan-
tities by normal animals, was found to be ex-
creted in large amounts in urine of Vit. By.-
deficient rats(6). The same finding has been
observed in Vit. Bys-deficient chicks (unpub-
lished data).

Methods. Day-old female New Hamp-
shire chicks were distributed into groups of

8 chicks each and maintained for a period of
4 weeks in electrically heated batteries with
screen wire floors. The chicks were weighed
at weekly intervals. The diet was fed ad libi-
tum.

Diet C62, which was used throughout this
study, had the same composition as Diet C47
(7) except that 200 g of the glucose was re-
placed by an equal weight of hydrogenated
vegetable oil (Crisco) in each kg of diet.
Also, the Salts A used in Diet C47 was re-
placed by an equal quantity of Salts N(8).
Vit. By was incorporated in this diet at lev-
els shown in Tabie I.

Since the DBC coenzyme is destroyed by
light, it could not be given in the diet. The
chicks that received either Vit. Bys or the
DBC coenzyme by injection received no Vit.
B,. in the diet. In each case, aqueous solu-
tions of supplements were injected intraperi-
toneally. The chicks fed a suboptimal level
of Vit. By, 5 pg/kg of diet, served as the ref-
erence group in determining quantity of either
Vit. Bys or DBC coenzyme to be injected.
Food intake of this group was measured 3
times weekly and the groups receiving the 5
ug level of “supplement” by injection received
exactly the same amount of Vit. B;s or DBC
coenzyme as Vit. B2 eaten by the reference
group. For convenience, in tables and text
reference is made to weights of Vit. By. and
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TABLE I. Growth of Chicks Receiving Graded Levels of Vit. B,, and DBC Coenzyme.

Light-treat.

Vit. By, fed Vit. By, inj. DBC coenz, inj. DBC coenz. inj.
Supple- No. 4wk wt No. 4wk wt No. 4 wk wt No. 4 wkwt

ment (ug)* exp.t + SE. (g) exp.t +=S.E.(g) exp.t +=8.E.(g) exp.t = 8.E.(g)
0 6 188 + 7.8 . _ _ _ —

1 - — 2 213 +11.0 2 247 +12 4 1 254 +11.9
2.5 2 216 +=14.4 B 250 + 9.0 5 250 + 8.1 — —

5 6 260+ 8.3 6 278+ 8.1 1 9267 +11.0 4 276+ 7.2
100 6 306 + 7.6 — — —_ — — —

* Quantity of vit. B,, fed/kg of diet. Amount of vit. B,, inj. was based on food i'ntqke of
chicks reeciving 5 pg vit. Bo/kg diet. DBC cocnzyme was inj. in amounts equimolar to indicated

weights of vit. By, See Methods for details.
t 8 chicks/experimental group.
DBC coenzyme. This was strictly correct
only for Vit. By.; the indicated quantities of
coenzyme were actually equimolar to Vit. B..

Crystalline DBC coenzyme, isolated from
Propionibacterium shermanii ATCC 9614(2).
was dissolved in water. Concentration of the
coenzyme was calculated from its extinction
coefficient at 322 mp and 260 mp(2). To
avoid destruction by light, the DBC coenzyme
solutions were stored in dark containers and
all of the precautions described by Barker ef
al.(2) were observed. To provide an addi-
tional control, a solution of DBC coenzyme
was inactivated by exposure for 1 hour to a
100 watt incandescent light bulb at a distance
of 6 inches. The coenzyme solution was in an
open beaker in an ice bath. Ultraviolet and
visible absorption spectra following this treat-
ment were similar to those of Vit. Byw, (aquo-
cobalamin).

The chicks used for the FGA experiments
were fed the Vit. B,.-free diet ad libitum
throughout. One per cent L-histidine HC!
was added to the diet to increase FGA excre-
tion. The chicks received distilled water dur-
ing collection periods. At 24 days of age the
chicks were transferred from the battery to
individual stainless steel cages provided with
extra heat from light bulbs.

The excreta collected prior to 30 days of
age served as base-line control values. Be-
tween 31 and 52 days of age some of the
chicks in both experiments were injected
daily with 1 pg Vit. By» or an equimolar
amount of the DBC coenzyme. In the second
experiment all chicks were injected with 100
pg Vit. Bys/day between 53 and 59 days of
age. Fxcretion of FGA was determined on

each day’s samples for several days preceding
and following a change in supplementation; at
other times 24 hour samples were analyzed
at 2 to 3 day intervals.

The excreta were collected daily on sheets
of polyethylene placed under the cages. These
samples were stored at —10°C until time for
assay. Fach sample was suspended in dis-
tilled water in a Waring blendor, frozen (at
least overnight), thawed, and centrifuged.
The supernatant liquid was decolorized with
10 mg activated charcoal/ml (Darco KB)
and filtered through Whatman No. 12 fluted
filter paper. The pH of the extract was kept
below pH 6 to avoid destruction of FGA.
Concentration of FGA in these extracts was
determined colorimetrically using the alkaline
ferricyanide-nitroprusside reaction(9). The
samples were read in an Evelyn colorimeter
and a standard curve was included in each
assay. A composite of extracts containing
high amounts of FGA served as the standard.
FGA content of the standard was determined
microbiologically (10).

Results. The mean 4-week weights of
chicks receiving Vit. By, or DBC coenzyme
are presented in Table I. Weights of chicks
that received no Vit. By, averaged 188 g,
whereas those that received 100 pug Vit
By, kg of diet averaged 306 g. Addi-
tion of either 2.5 or 5 pg Vit. By
to the diet resulted in intermediate weight
cains. Vit. By. was utilized to the same ex-
tent whether injected or fed. Similarly, the
DBC coenzyme supported growth equal to
that of Vit. Bio. The higher mean weight of
chicks injected with the 1 ug level of DBC co-
enzyme as compared to that with Vit. By
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FIG. 1. Effect of vit. B, and DBC coeLZYMC UpPon
growth of 4-wk-old vit. B.,-deficient chicks (Exp. 2
of Table 1I).

was not statistically significant. Further,
mean weights of chicks receiving 1 ug DBC
coenzyme or 1 pg light-treated coenzyme were
essentially the same. Therefore, the activities
of Vit. By, and DBC coenzyme are considered
to be the same. These experiments offer no
clue as to the physiologically active form of
Vit. By, in the chick, i.e., Vit. By, might be
converted to the coenzyme form or the reverse
might also occur.
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From preliminary experiments, it was
found that the high excretion rate of FGA
in the Vit. By.-deficient chick decreased some-
what slowly upon Vit. B;s supplementation.
If the DBC coenzyme were the form of Vit.
By active in producing a drop in FGA excre-
tion, it seemed reasonable that the coenzyme
might cause a more rapid and perhaps greater
drop than was seen with Vit. Bys. The chicks
in the early studies received 100 pg Vit. Bis/
kg of diet and their daily food consumption
was such that they received about 2 to 3 pg
Vit. Byo/day. For the present experiments
the level of supplementation was reduced to
1 pg/day in an effort to accentuate any pos-
sible difference between Vit. Bis and DBC
coenzyme in their effect upon FGA excretion.

Growth rates of the chicks in the second
FGA experiment are presented in Fig. 1.
Chicks receiving Vit. Bys or DBC coenzyme
grew at equal rates, as would be expected from
the above growth studies with day-old chicks.
Supplementation with 100 pg Vit. Bi./day
markedly increased rate of gain of the Vit.
B s-deficient chicks; however, it did not fur-
ther accelerate rate of gain of the previously
supplemented chicks.

Data on FGA excretion are presented in
Table 1I. All chicks at beginning of experi-
ment were excreting large amounts of FGA.
a little over 40 umoles/24 hours/100 g body
weight in the first experiment and somewhat
higher amounts in the second experiment.
This confirms in the chick the effects observed
in Vit. Bj.-deficient rats by Silverman and

TABLE IL. Effect of Vit. By, and DBC Coenzyme upon Exeretion of Formiminoglutamic Aeid
by the Chick (umoles FGA/Day/100 g Body Wt). .

Supplement* None 1 ug/day 100 ug/day
Group Age of chicks,
No. days 29-30 31 32 33-34 51-52 53 54 55-59
Euap. 1
1 None 44 38 40 32 36 - — —
2 Be 14 46 20 14 14 —_ - =
B DB coeny. 2 2N 10 14 16
Exp. 2
None 82 52 63 55 74 27 26 18
2 By 127 76 46 37 22 1 15 14
3 DBC coenz. 74 47 31 30 10 5 4 5

* Vit. By, deficient chicks were inj. daily with 1 ug vit. By, or an equimolar quantity of DBC
coenzyme (Groups 2 and 3) at age of 31-52 days. On the 53rd day every chick in all groups re
ceived 100 pg vit. By,/day. Diet C62 was supplemented with 1% L-histidine HCL. Five chicks/

exp. group.
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Pitney(6). The unsupplemented chickens
continued to excrete large amounts of FGA.
Both Vit. B;» and the DBC coenzyme caused
a marked reduction in FGA excretion, which
was down to minimal levels by the end of 2
days. The daily 100 pg Vit. B, supplement.
which was given to @/ chicks in the second ex-
periment, caused a very marked and immedi-
ate drop in FGA excretion of Vit. By.-defi-
cient chicks that had not been previously sup-
plemented. This very high supplement of
Vit. By» also caused a further reduction of
FGA excretion by the 2 previously supple-
mented groups. Thus, by both parameters.
growth and reduction of FGA excretion, Vit.
B> and DBC coenzyme had similar activities.

Summary. Vit. By and the 5.6-dimethyl-
benzimidazolylcobamide  coenzyme  were
equally active in (1) supporting growth of
chicks up to 4 weeks of age and in (2) over-
coming the impaired metabolism of formi-
minoglutamic acid that occurs in Vit. B;.-
deficient chicks.
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Fragility and Extractable Collagen in the Lathyritic Chick Embryo. An

Assay for Lathyrogenic Agents.*
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The lathyrogenic substances, S-aminopro-
pionitrile and semicarbazide, when introduced
into the chick embryo induce a loosening of
the intermolecular structure within collagen

* This is publication No. 283 of Robert W. Lovett
Memorial Unit for Study of Crippling Diseasc,
Harvard Medical School and Massachusetts Gen.
Hospital. This study was aided by grant #A90 (C6)
from Nat. Inst. of Arthritis and Metab. Dis..
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Established Investigatorship (J.G.) of Am. Heart
Assn. and a Fellowship (5.0.) from Helen Hay
Whitney Foundation.

t Present address: Sir William Dunn School of
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fibrils allowing them to dissolve in cold neu-
tral saline(1). This intrafibrillar alteration
is associated with marked increase in fragility
of the entire organism. Both phenomena are
demonstrable between one and 3 hours follow-
ing a single injection and increase steadily for
at least 72 hours. Both were also shown to
be dosage dependent. Analytical studies(1)
plus histologic and electron microscope exam-
ination of thin sections of normal and lathyri-
tic skin before and after extraction(2) led to
the conclusion that insoluble fibrils, formed
prior to administration of the agent, were ren-
dered soluble in cold saline. Skin. bone, aorta
and tendon were all involved.



