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result of his extensive studies is now conclusively
authenticated.
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THE FORMATION OF «a-IMINO ACIDS IN THE
ENZYMATIC OXIDATION OF AMINO ACIDS!
Sir:

Kinetic application of the borate-tautomerase
system? to the oxidation of L-tyrosine with ophio L-
amino acid oxidase? (Fig. 1) confirmed earlier demon-
strations*#fthat the oxidase produced the keto tauto-
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Fig. 1.—Oxidation of 0.4 pmoles L-tyrosine in 3.5 ml.

0.57 M borate, pH 7.2, with ophio L-amino acid oxidase at

25°: W, formation of non-absorbing keto-p-hydroxyphenyl-

pyruvate. Addition of 0.2 ml. tautomerase at | (A) or at

zero time (®) catalyzed equilibration with the strongly ab-

sorbing enol borate. All experiments contained 1 mg.

catalase and 4 mg. crude venom of Agkistrodon piscivorus
piscivorus.®

mer of the a-keto acid. However, in phosphate or
tris-(hydroxymethyl)-aminomethane buffers tauto-
merase addition resulted in formation of a transient
absorbing intermediate whose accumulation de-
pended both on the tautomerase and oxidase con-
centrations (Fig. 2, curves 2, 3, 4). Without
tautomerase a smooth rise in optical density from
formation of the weakly absorbing keto-enol equilib-
rium mixture was observed (Fig. 2, curve 1).
Tautomerase does not alter the keto-enol equilib-
rium and could produce only a steeper rise in
optical density to the final equilibrium value.

These results represent the first direct indication
of Knoop’s” imino acid intermediate in the oxida-

(1) This investigation was supported by Atomic Energy Commission
Contract No. AT(30-1)-901.

(2) W.E. Knox and B. M., Pitt, J, Biol. Chem., 226, 675 (1957).
- (3) Obtained from Ross Allen’s Reptile Iustitute, Silver Springs,

a,

(4) A.Meister, Nature, 168, 119 (1951).

(5) W. A. Fones, Arch. Biochem. Biophys., 36, 486 (1952).

(8) C. Frieden and 8. F. Velick, Biockem. Biophys. Acta, 23, 439
(1957).

(7) F. Knoop, Z. physiol. Chem., 67, 482 (1910); F. Knoop and
H. Oesterlin, ibid., 148, 204 (1925),
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Fig. 2.—Oxidation of 1.2 umoles of L-tyrosine in 3.2 ml.
of 0.0375 M phosphate, 0.045 M KCl, pH 7.2, other condi-
tions as in Fig. 1: curve 1, 8 mg. oxidase, no tautomerase;
curve 2, 8 mg. oxidase, 0.025 ml. tautomerase; curve 3, 8 mg.
oxidase, 0.2 ml. tautomerase; curve 4, 12 mg. oxidase
0.2 ml. tautomerase.

tion of amino acids. The humps in Fig. 2 result
from the formation of the enamine tautomer of the
a-imino acid, and represent up to 5%, of the initial
tyrosine concentration estimated from the extinc-
tion coefficients of enol p-hydroxyphenylpyruvate
and a-N-acetylamino-p-hydroxycinnamate. Inthe
presence of tautomerase the reaction takes the
course:

RCH.CHCOOH —> RCH;CCOOH —> RCH;CCOOH
NH. NH !
T ltautomerase
RCH=CCOOH
NH;

It is assumed that tautomerase, which catalyzes
the keto-enol tautomerization of the a-keto acids,
also catalyzes the imine-enamine tautomerization
of the a-imino acids. The relatively slow spon-
taneous rate of the latter tautomerization and the
rapid imino acid hydrolysis preclude observation
of this effect without tautomerase.

Similar enamine accumulations were observed
during oxidation of L-phenylalanine and L-trypto-
phan. The accumulation of the tryptophaun inter-
mediate required the presence of a new rat liver
indolylpyruvate tautomerase and did not occur
with pig kidney tautomerase which is inactive with
indolylpyruvate.? The interpretation of the hump-
ing effect as a transient enamine accumulation
is thus supported by the specificity of indolylpyru-
vate tautomerase.

It should be emphasized that the keto tautomer
of the a-keto acid is the ultimate product of the
L-amino acid oxidase reaction. Added tautomerase
is essential for formation of the enamine, and
from the formation of this intermediate it follows
that the imine tautomer is the initial amino acid



3800

oxidation product. This refutes the suggestions
that the enamine is the normal intermediate.’?

(8) H.R. Dakin, J. Biol. Chem., 67, 341 (1926).
(9) G. Taborsky, Yale J. Biol., 3%, 267 (1955).
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SEDIMENTATION CHARACTERISTICS OF
GLYCOGEN!
Sir:

Glycogens which exhibit extremely high molec-
ular weight have been obtained by extraction of
this polysaccharide with water at low temperatures
(0 to 4°) from Ascaris muscle and from rabbit
liver.

Glycogen readily sedimented on ultracentrifuga-
tion (50,000 to 60,000 X g; Oto 4°). Under these
conditions over 959, of the total liver glycogen
was recovered in the residue. Protein and other
impurities were removed by differential centrifuga-
tion, repeated mechanical shaking with a mixture
of chloroform and octyl alcohol? and treatment with
trypsin and chymotrypsin. The analyses of puri-
fied samples (dried in vacwo at 75° to comstant
weight) which contained no detectable protein
(less than 0.005%,) yielded the theoretical values
for glycogen (Caled. for (CeHyOs)n: C, 44.44;
H, 6.22; O, 49.34. Found: C, 44.59; H, 6.59;
0, 49.47).

Ultracentriiugal analyses indicated weight aver-
age sedimentation coefficients of 300 to 1000
svedberg units and corresponding minimal weight
average molecular weights of 50 to 200 million.
In the absence of reliable diffusion mieasurements
the molecular weight is stated as the minimum
possible for a material having this sedimentation
rate,

Sedimentation coefficient distributions showed
extreme polydispersity and marked skewness, a
typical sample including small amounts below 25
svedbergs and significant amounts ahbove 2000
svedbergs, with the weight average unear 800
svedbergs. Glycogens extracted from both rabbit
liver and A4scaris muscle yielded sedimentation
distributions of similar shape. However, the
sedimentation coefficients for liver glycogen were

(1) Supported by grants (B-668 and 2E-10) from the National

Institutes of Health, United States Public Health Service.
() ML Gl Sevag, Biochem. 7., 213, 410 (19341),
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approximately twice those of Ascaris muscle
glycogen.

The two conveutional methods used for the
extraction of glycogen consist of treatment with
either high concentrations of sodium or potassium
hydroxide?* at 100° for several hours or with
solutions of trichloroacetic acid®® at temperuatures
ranging between 0 and 20°. The molecular weight
of water extracted glvcogen was found to be at
least 10 times that of glycogen extracted with cold
trichloroacetic acid and 50 to 100 times that of the
alkali extracted material. Furthermore, heating
above 90° resulted in a progressive degradation of
water extracted glycogen.

Because of the observed high molecular weights
the possibility of aggregation of glycogen molecules’
was tested using procedures known to disrupt elec-
trostatic bonds. Samples treated with urca (8.1/,
0°,% one week), guanidine hydrochloride (S}, 0°°
two days) or with anionic, non-ionic or cationic
detergents (sodium dodecyl sulfate, Tween X0,
cetyltrimethylanunonium bromide) (197, 20°, 24
hours) showed no change detectable by sedimenta-
tion analysis. Also, no changes were found on
repeated freezing and thawing, on repeated pre-
cipitation, drying and redissolving and after anaero-
bic incubation in 0.01 & KOH (20°, 24 hours). In
addition, aliquots taken at various stages of the
purification procedure und containing progressively
lower concentrations of coutaminating protein
(from 19, to less than 0.005%7) showed identical
sedimentation characteristics, indicating that the
presence or ahsence of protein bears 1o relationship
to the molecular size of glycogen. On the basis of
these observations the hypothesis that the high
molecular weight of water extracted glycogen is the
result of aggregation receives 110 support.

Measurements of diffusion rates are in progress
and should permit acctirate estimates of moleculur
weight.
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