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Biotin in the Bacterial Deamination of Certain Amino Acids. (17496)
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Lichstein and coworkers(1,2,3,4) have re-
ported that the aspartic acid, serine, and thre-
onine deaminase activity of certain bacteria
may be inactivated by exposure of the cells
for a short time to pH 4 in M phosphate
buffer. In their experiments the deaminase
activity of such inactivated cells could be
restored with biotin. Subsequent investiga-
tors(5) have been unable with biotin to re-
store deaminase activity to bacterial cells
similary treated and the fundamental obser-
vation that biotin somehow functions in de-
aminase activity has remained unconfirmed
by any other group. Although certain dis-
crepancies exist between the results obtained
by Lichstein and those found in this labora-
tory, the activation of treated cells with biotin
under certain defined conditions has been ob-
tained, thus furnishing corroborative evidence
for the involvement of biotin in the bacterial
deamination of certain amino acids.

Procedure. Eighteen-hour cultures of the
organisms used were obtained following growth
at 37°C on a medium composed of 1% yeast
extract (Difco), 1% tryptone (Difco), 0.5%
disodium hydrogen phosphate, and 0.1%
sodium formate. The medium was dispensed in
100 ml quantities in 250 ml Erlenmeyer flasks.
The pH before autoclaving at 120°C for 15
minutes was 7.35. Following growth the organ-
isms were centrifuged down rapidly (Servall
angle centrifuge, plastic cups), resuspended
in 50 ml of distilled water, and recentrifuged.
The washed cells thus obtained were suspended
in about 3 ml of M phosphate buffer of pH 4.
Inactivation with respect to deaminase activity
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was accomplished on aliquots of this sus-
pension. These aliquots were dispensed in
open test tubes that usually were immersed
in a water bath at 37°C. Thirty minutes was
the usual inactivation time. Immediately
following inactivation of the cells the deamin-
ase reaction was carried out at 37°C by
appropriate additions to the same tubes. A
protocol for deamination at pH 7 is given
in Table I. When the deamination reaction
was carried out at pH 4, M phosphate buffer
of pH 4 replaced the NazPO, solution and
was used also as a solvent for the aspartic
acid employed.

Following the deamination reaction at either
pH enzymatic activity was stopped by the
addition of 0.5 ml of 20% trichloroacetic acid
to each tube. The tubes then were centrifuged
until a completely clear supernatant was ob-
tained. Ammonia formed in each tube was
determined by adding to 2 ml of supernatant
2 ml of 10% NaOH and 1 ml of Nessler’s
reagent (gum ghatti stabilized). The color
intensities were read in a Klett-Summerson
colorimeter against a series of similarly pre-
pared standard tubes of ammonium sulphate.
The ammonia nitrogen found in tube 1 was
subtracted from the results obtained in each
other tube to give the ammonia nitrogen
originating from the deamination of aspartic
acid by the bacterial preparations used.

Results. The results obtained in a series
of experiments are summarized in Table II.
These data confirm those of Lichstein to the
extent that they show that cells of Proteus
vulgaris or Escherichia coli can be obtained
with a reduced ability to deaminate aspartic
acid and that when the deaminase reaction is
run at pH 7, after inactivation of the cells at
pH 4 in M phosphate buffer, activity can be
restored by either biotin or yeast extract.
Attempts at reactivating cells with biotin
when the deaminase reaction was run at pH 4
in M/2 phosphate buffer, such as described
by Lichstein in his paper(3) demonstrating
special activity for yeast extract, have been
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TABLE 1.
Protocol for Aspartic Acid Deaminase.

No. 1, ml No. 2, ml No. 3, ml No. 4, ml

Bagcterial suspension in pH 4 M 0.5 05 0.5 0.5
phosphate buffer .

NagPO, (saturated) 0.5 —_ — —_

Aspartic aeid* in NagPO, (saturated) —_ 0.5 0.5 0.5

Hy0 1.0 1.0 — —

Biotint — — 1.0 —

Yeast extracti —

— 1.0

* 266 mg dl-aspartic acid dissolved in 100 ml saturated NagPO,. Caleulated to give 0.005 M
dl-aspartic acid in the final reaction mixture,

1 0.0001 ~ or 0.001 ~ d-biotin/ml.
1 0.1 mg or 1.0 mg yeast extract/ml.

TABLE II.
Summary of Aspartic Acid Deaminase Experiments.

Ammonia nitrogen formed

pH of - -
deaminase No supple- Yeast
Exp. No. Organism* reaction ment, v Biotin, y extr., 4t
1 Proteus vulgaris 7 11.7 15.8 15.1
(0.001 v) (1 mg)
2 ” ” 7 7.0 14.8 13.7
(0.001 ) (1mg)
3 ” ” 7 4.3 15.9 17.3
(0.001 ) (1mg)
4 ” ” 7 2.3 113 2.3
(0.0001 ~) (0.1mg)
5 ” 7 7 2.3 16.1 54
(0.0001 ) (0.1mg)
6 ” i 4 0.0 0.0 0.0
(0.001 ~) (1mg)
7 ” ” 4 0.6 0.6 0.0
(0.001 ) (1mg)
8 i ) 4 0.1 0.5 1.0
(0.0001 ~) (0.1 mg)
9 Escherichia coli 4 0.0 0.0 0.0
(Gratia) (0.001+) (1.4 mg)
10 Escherichia coli 4 3.0 3.0 0.0
(Gratia) (0.001 ) (1.4mg)

* All bacterial preparations were washed with water and inactivated by exposure for 30
minutes at 37°C to M phosphate buffer of pH 4 except in experiments 7, 9 and 10, where in-
activation was at 25°C, and in experiment 10, where in addition to inactivation at the lower
temperature the cells also were unwashed.

t 1 mg of yeast extract containg after vigorous acid hydrolysis prior to mierobiological assay
about 0.001  of biotin.

unsuccessful. When the amounts of biotin found to be more active in the system than is
and yeast extract used to stimulate deamina- an equivalent of biotin as it occurs in yeast
tion at pH 7 are titrated downward, contrary extract.

to Lichstein who worked at pH 4, biotin was Despite the fact that inactivation of bac-
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terial deaminase by exposure to molar phos-
phate buffer at pH 4 is not yet understood,
is not always consistent, and doubtlessly is
influenced by a variety of factors, these data
afford confirmation that biotin somehow is
concerned in activation of the system. Further
study of the variables involved during inactiva-
tion and reactivation of the deaminase system
is indicated before final conclusions can be

DENATURATION ON BINDING OF PHENOLSULFONEPHTHALEIN

drawn concerning the significance of biotin in
these reactions.

Summary. Inactivation of bacterial aspar-
tic acid deaminase activity by exposure of cells
to pH 4 M phosphate buffer and its reactiva-
tion with biotin has been confirmed.
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Binding of Phenolsulfonephthalein by Tissues and the Effect of Denatura-
tion Thereon.* (17497)
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The present experiments were conducted
to study (1) the binding of the organic
anionic dye phenolsulfonephthalein (PSP) by
homogenates of several tissues of the rat;
(2) the effect of denaturation of tissue proteins
on this binding: and (3) the competitive
effect of native and denatured tissues on the
binding of PSP by crystallized bovine plasma
albumin. It has been previously established
that certain proteins can form complexes with
organic anions on both the acid and basic
side of the isoelectric point. De Haan(1)
and Marshall and Vickers(2) demonstrated
that the anion PSP was bound appreciably by
serum proteins and Grollman(3) showed that
at the pH of normal blood the binding was
primarily by serum albumin, the globulins
binding very little dye. Klotz and Urqu-
hart(4) showed that anions are also bound
to B-lactoglobulin, hemocyanin and
globulin, although to a much smaller extent
than occurs with serum albumin. Ohta(3)
working with tissue brei preparations pre-
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sented evidence that both anionic and cationic
dves were adsorbed by tissue proteins.
Denaturation of serum albumin by heat(6,7)
or urea(7) abolishes the binding capacity for
oleate and methyl orange anions. A different
effect occurs with egg albumin in that heat
denaturation increases the binding of alkyl-
benzenesulfonate detergents(8) and methyl
orange.(7)

Experimental. Albino rats were exsanguin-
ated by cardiac puncture or decapitation and
weighed samples of the tissues were homogen-
ized for approximately two minutes in M /135
phosphate buffer, pH 6.5. In the experi-
ments, measured volumes containing 250-
500 mg of the original tissue together with
1.0 ml of a solution of PSP in phosphate
buffer pH 7 were placed in a cellophane bag
15 cm long and 1.5 cm in diameter. The
samples were dialyzed at 5°C against M/15
phosphate buffer pH 6.5 in flasks which were
slowly rotated for 40 hours to reach equili-
brium; the total volume of the system was
100 ml. The bound PSP was calculated from
the concentration of free PSP in the dialysate

4. Klotz, I. M., and Urquhart, J. M., J. dm.
Chem. Soc., 1949, v71, 1597.

5. Ohta, R., Jap. J. Gastroenterol., 1933, v5, 113,

6. Davis, B. D., Adm. Scientist, 1946, v34, 611,

7. Klotz, I. M., Triwush, H., and Walker, F. M,,
J. dm. Chem. Soc., 1948, v70, 2935,

8. Lundgren, H. P., Elam, E. W., and O’Connell,
R. A,, J. Biol. Chem., 1943, v149, 183.



