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TABLE IL
Inactivation of Transaminase and of Vitamin Bg by Ultraviolet Light.

Vitumin Bg compounds

Transaminase

‘e T
Irradiation activity Pyridoxal Pyridoxamine Pyridoxine
(min.) % Y ¥ b'e
4] 37.2 40.0 40.0 40.0
5 10.3 8.0 18.5 14.3
10 4.3 2.1 9.8 8.9
15 1.9 1.2 5.9 4.3
30 <1 0.6 2,9 0.8

that transaminase is rather resistant to hy-
drogen peroxide. The stability of the mem-
bers of the vitamin B; group has been re-

TABLE III.
X-Ray Irradiation of Transaminase.

Irradiation Transaminase activity

ported earlier.” The inactivated enzyme was rwnts %
not reactivated by addition of pyridoxine, .0 22;
pyridoxal, pyridoxamine, or boiled tissue ex- 1 ;8:: 384
tract., 4:0nn 35.8
. . .. 7,000 39.1
Irradiation by X-rays. The conditions 1:;:(.00 34.5

were as follow:t 200 K.V.; 16 milliamp; 50
cm distance; filter, 2.5 mm. Al inherent in
tube, none added. Since no appreciable in-
activation of transaminase (Table III) was
observed, no vitamin Bg determinations were
carried out.

Summary. Glutamic-aspartic transaminase

t The authors are indebted to Dr. T. G. Russell
for collaboration.

is inactivated by sunlight and by ultraviolet
light. Destruction of enzymatic activity by
these agents parallels the destruction of
vitamin Bg, a derivative of which is present
as the prosthetic group of the enzyme.l™*
The irradiated enzyme is not reactivated by
addition of pyridoxine, pyridoxal, pyridox-
amine or boiled tissue extracts. Irradiation
with X-rays leaves the enzyme intact.
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Biological Activity and Metabolism of d, 1-O-Heterobiotin in the Chick.*

P. R. Moorg, T. D. Luckey, C. A. ELVEEJEM, AND E. B, HART.

From the Department of Biochemistry, College of Agriculture, University of Wisconsin,
Madison.

O-Heterobiotin, an oxygen analog of biotin,
has biotin-like activity for the chick! and for
rats fed egg white.* Hofmann et al.! found
the d,l analog 10% as active as d-biotin in
curing egg-white toxicity in rats and ap-
proximately 6 and 20% as active in promoting

growth in chicks when fed at different levels
on a biotin deficient ration. Rubin et al.2
found d,]-O-heterobiotin 5% as active as
d-biotin in counteracting egg-white toxicity
in the rat.

Since levels of 40 y of d,]-O-heterobiotin

* Published with the approval of the Director
of the Wisconsin Agricultural Experimental Sta-
tion. Supported in part by grants from the Wis-
consin Alumni Research Foundation and Swift and
Company.

We are indebted to Merck and Company, Rah-

way, N. J., for erystalline vitamins; to Dr. S. H.
Rubin and Dr. J. A. Aeschlimann of Hoffmann-
LaRoche, Ine.,, Nutley, N, J. for O-heterobiotin;
to Dr. B. L. Hutebings of Lederle Laboratories,
Ine., for crystalline folic acid; to Abbott Labora-
tories, North Chicago, for haliver oil; to E. I
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TABLE 1.
Activity and Storage of d,1-O-Heterobiotin® in the Chick.

d,1-O-Iletero-

biotin
No. of chicks content of
No. of sur- with derma- —
Group Supplement per 100 g vivors at Avg. wt. titis at Leg
No. biotin deticient hasal 4 wks. at 4 wks. 4 wks. Liver muscle
g /g /g
1 None 11t 183 11 0.0 0.0
2 2.5 4 d-biotin 6 185 3
3 5 » 3 205 0
4 10 ~ s 3 220 0
5 2004 0" 11t 240 0 0.0 0.0
6 5 v d,1-0-heterobiotin 6 180 4
7 10 ~ o 6 175 2
8 20 & " 6 195 0 0.3 0.0
9 200 ~ ? 6 205 0
10 500 ” 4 215 0 0.5 0.0
11 1000 ~ * 6 210 0 5.3 0.2

*d,1-0-Heterobiotin is compared with d-hiotin on a weight basis throughout this work. If
only the d-form of the analog is aetive the values should be increased correspondingly.

t 12 chicks per group.

per 100 g of a biotin-deficient ration have
given only partial responses in chicks! it
was interesting to determine if higher levels
could eventually give complete protection.
At the same time it was possible to study
the distribution of the analog in chick tis-
sues when graded levels of the compound
were included in the diet.

Day-old White Leghorn cockerels were
maintained in cages with raised screen bot-
toms and heated by carbon filament lamps.
The chicks were fed a purified ration having
the following composition: dextrin 61 g,
casein 18 g, gelatin 10 g, Salts V3 6 g, soy
bean oil 5 g, 1(—) cystine 0.3 g, i-inositol
0.1 g, choline chloride 0.15 g, thiamine hy-
drochloride 0.3 mg, pyridoxine hydrochloride
0.4 mg, riboflavin 0.6 mg, Ca pantothenate
2 mg, nicotinic acid 5 mg, 2-methyl-14-
naphthoquinone 0.05 mg, a-tocopherol 0.3 mg,
p-aminobenzoic acid 5 mg, and crystalline
folic acid 0.05 mg. Water and feed were

du Pont de Nemours and Company, Ine., New
Brunswick, N. J., for erystalline vitamin Dgy; to
Wilson and Company, Inc., Chicago, for gelatin;
to Allied Mills, Inc., Peoria, Ill, for soy bean
oil; and to Mr. J. Kamhi for technical assistance.

1 Hofmann, K., McCoy, R. H., Felton, J. R.,
Axelrod, A. E,, and Pilgrim, ¥. J., Arch. Biochem.,
1945, 7, 393.

2 Rubin, S. H., Flower, D., Rosen, F., and Drex-
ter, L., Arch. Biochem., 1945, 8, 79.

given ad libitum, and each chick received
weekly one drop of a vitamin A and D con-
centrate containing 1200 U.S.P. units of vita-
min A and 120 A.0.A.C. units of crystalline
vitamin D, per drop. After 3 days on the
basal ration chicks within a 10 g weight
range were divided into uniform groups of
6 and given supplements of d-biotin or
d,1-O-heterobiotin in the basal ration. The
feeding trials were terminated when the chicks
were 4 weeks old and samples of liver and leg
muscle were taken from 4 chicks in each
group for O-heterobiotin analysis. O-Hetero-
biotin was determined by the differential
microbiological assay of Luckey et al*

The average weight at 4 weeks, incidence
of dermatitis, and O-heterobiotin content of
the tissues are summarized in Table I. A
comparison of the relative effectiveness of
d,1-O-heterobiotin and d-biotin in curing
dermatitis indicates that the d,] analog is
about 4 as active as d-biotin. However,
in a comparison based on growth the activities
varied inversely with the amount of analog
fed. 20 y of the d,1 analog had an activity
of approximately 20%. With higher levels
the activity fell off rapidly and values from

# Briggs, G. M., Luckey, T. D., Elvehjem, C. A.,
und Iart, E. B., J. Biol. Chem., 1943, 148, 163.

+ Luckey, T. D., Moore, P. R.,, and Elvehjem,
C. A,, in press.



INACTIVATION OF STREPTOMYCIN

0.5 to 3% were obtained. It is apparent
that a level of d,]-O-heterobiotin as high as
1000 v per 100 g of ration does not give a
complete growth response in chicks on our
biotin deficient ration and it appears that
higher levels would not have afforded com-
plete protection since the 1000 y level actually
gave no better response than the 500 y
level. This failure of O-heterobiotin to com-
pletely replace d-biotin for growth when it is
highly active in the prevention of dermatitis
indicates that the analog is capable of ful-
filling only part of the function of d-biotin
in the chick. On the other hand, the plateau
in growth observed above the 500 v level
{compare group 11 to 10) suggests an in-
hibitory effect of the d,l analog on growth.
In this connection, Luckey et al.* have ob-
served an inhibitory effect of low levels of
d,1-O-heterobiotin on the growth of Strepto-
coccus fecalis. Further experimental data are
required to clarify this point.

The analyses for d,}1-O-heterobiotin indicate
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that this compound does not occur naturally
in chicks receiving our biotin deficient diet
alone or when supplemented with d-biotin.
No appreciable accumulation of the d 1 analog
occurred in the livers of the chicks receiving
O-heterobiotin until 1000 y were included in
the diet. Tt is interesting to note that this
represents the same level at which a growth
plateau was established.  Similarly, no
O-heterobiotin could be detected in muscle
tissue until the 1000 y level of the analog
was reached.

Summary. d,]-O-Heterobiotin has biotin-
like activity for the chick. Levels of 20 y
per 100 g of purified biotin-deficient basal
ration give complete protection against
dermatitis and some growth response. The
growth activity of the oxygen analog varies
inversely with the level fed and growth com-
parable to that on an adequate biotin diet
was not obtained. d,-O-Heterobiotin can
be detected in the liver and muscle tissue of
chicks fed high amounts of this compound.
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The Inactivation of Streptomycin and its Practical Applications.*§

WartoN B. GEIGER, SAMUEL R. GREEN, AND SELMAN A. WAKSMAN.

From the New Jersey Agrieultural Erxperiment Station, New Bruwswick, N. J.

Because of the rapidly accumulating in-
formation on the preduction, purification and
practical utilization of streptomycin® a
knowledge of the effects of experimental con-
ditions upon its activity is increasingly im-
portant. It is known, for example, that a
weakly alkaline environment, namely pH 8.0
to 8.2, is favorable to the action of strep-
tomycin and that acidic conditions are in-
jurious.” Likewise, its activity is diminished

* Journal Series Paper, New Jersey Agricultural
Experiment Station, Rutgers University, Depurt-
ment of Microbiology.

t Partly supported by a grant made by the Com-
monwealth Fund of New York,

1 Waksman, 8. A, and Schatz, A, J. Am. Pharm.
Assn., 1045, 34, 273,

2 Waksman, 8. A., Bugie, E., and Schatz, A,
Proc. Staff Meet. Mayo Clinie, 1944, 19, 537.

by the presence of glucose and of phosphates.
Cysteine and several ketone reagents also in-
activate streptomycin.® Since factors of this
sort can be of importance in choosing media
for the testing of the potency of streptomycin,
in developing tests for the sterility of strep-
tomycin preparations, and in other practical
applications, it was believed desirable to re-
investigate and extend some of the earlier
observations. The presence of reducing
agents, such as cysteine and glucose, among
the substances that inactivate streptomycin,
as well as the observation that anaerobic
bacteria are somewhat resistant to its activity,
has suggested that special attention be paid
to these conditions, in an effort to learn
whether their effects are of a fundamental

3 Denkewalter, R., Cook, M., and Tishler, M.,
Scicnee, 1945, 101, 12,



