220 PRELIMINARY NOTES voL. 24 (1957)

This investigation has been aided by a grant from Eli Lilly and Company to one of us (P.E.),
which is gratefully acknowledged.

K. HEIRWEGH *
Department of Physiological Chemistry, University of Lund, Lund (Sweden) P. EpMaN

1 H. HocH, Nature, 165 (1950) 278.

® R. MERTEN, G. SCHRAMM, W. GRASSMANN AND K. HANNIG, Z. physiol. Chem., 289 (1952) 173.

3 C. G. PopE AND M. F. STEVENS, Brit. J. Exptl. Pathol., 32 (1951) 314.

4 W. H. StEIN, personal communication, mentioned by M. FLING AND N. H. Horow1tz, J. Biol.
Chem., 190 (1951) 277.

5 J. H. NORTHROP, J. Gen. Physiol., 30 (1946) 377.

8 J. H. NortHrOP, M. KuNiTz AND R. M. HERRIOTT, Crystalline Enzymes, 2nd Ed., Columbia
University Press, New York, 1948.

7 P. EpMAN, Acta Chem. Scand., 4 (1950) 283.

8 P. EDMAN AND J. Sy6Quist, Acta Chem. Scand., 10 (1956) 1507.

9 J. SyoqQuist, Acta Chem. Scand., 7 (1953) 447.

10 F. SANGER AND E. O. P. TuoMPSON, Biockem. J., 53 (1953) 353.

11 P, EpMAN AND K. LAUBER, Acta Chem. Scand., 10 (1956) 466.

12 R. M. HErRIOTT, in W. D. McELROY aND B. GLass, The Mechanism of Enzyme Action, Johns
Hopkins Press, Baltimore, 1954; and personal communication.

13 M. B. WILLIAMSON AND J. M. PAassMANN, J. Biol. Chem., 222 (1956) 151.

Received December 21st, 1956

* Fellow of the Swedish Institute of Cultural Exchange. Present address: Department of
Biochemistry, University of Leuven, Belgium.

Reversible reduction of thioctamide catalyzed by the a-ketoglutaric
dehydrogenase complex

The pyruvic and a-ketoglutaric (KG) dehydrogenases of mammalian tissues are complex units
of high molecular weight (4- 10% and 2- 10% g/mole respectively)!:2. Under the electron microscope”,
the latter appears as an essentially spherical particle of 120 A diameter which is consistent with
the molecular weight calculated from sedimentation and diffusion constants. Both of these enzyme
complexes contain tightly-bound, non-dialyzable 6,8-thioctic acid (a-lipoic acid) or a derivative
of it active in the microbiological assay?.3. Direct evidence that thioctic acid functions in the
oxidation of a-ketoacids has been obtained from studies on bacterial preparations* 5. One of the
intermediate steps postulated in the sequence of reactions is the oxidation of dithioloctanoate
by DPN (Reaction 1)

T(SH), + DPN+ = TS, + DPNH + H+ (1)

The presence of this enzymic activity in purified fractions from E. coli has been demonstrated
by coupling it to the reduction of pyruvate with lactic dehydrogenase and measuring the decrease
in —SHS.

We have now found that the KG dehydrogenase purified from hog hearts? catalyzes the
reversible oxidation of reduced DPN (DPNH) by 6,8-thioctate and by 6,8-thioctamide™*. The
reaction can be demonstrated readily in both directions by measuring the absorption of DPNH
at 340 my (Fig. 1). (4+) Thioctate is active while (—) thioctate is inactive in the reaction. The
presence of the inactive isomer had no effect on the velocity of the reaction with the (+) isomer.

There are significant differences in the activity with thioctate and thioctamide. The pH
optimum for the reaction with thioctamide is 7.1, which is about the same as for KG oxidation
by DPN?. With thioctate as substrate, the activity increases sharply on decreasing the pH from
7.0 to 6.0. The concentration for half-maximal velocity with pL-thioctamide is 6-107%M, while
maximal rates are not obtained with pL-thioctate even at 6- 1073 . The rates of KG oxidation
and of DPNH oxidation by thioctate or thioctamide are shown in Table I. It is seen that the
partial reactions proceed at a faster rate than the over-all KG oxidation. The fact that, compared
with the reduction of thioctic acid, the reaction with thioctamide has a lower K, and a pH
optimum closer to that of KG dehydrogenase tentatively suggests that the natural bound cofactor

* We are indebted to Dr. RoBLEY C. WiLLIaMS for the electron microscope pictures.
** pL-6,8-thioctamide, and (+) and (—) thioctic acids were gifts from Dr. ARTHUR F. WAGNER
of the Merck Sharp and Dohme Research Laboratories.
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might be closer in structure to thioctamide than to thioctic acid. It must be recognized that
the reactions with thioctic acid and amide are probably mediated through the bound cofactor.

TABLE 1

COMPARATIVE RATES OF REACTIONS CATALYZED BY KG DEHYDROGENASE

umoles/minimg

protein
KG oxidation 3.5
Thioctamide reduction 16.5
Thioctate reduction 4.6

KG oxidation was measured at pH 7.4 under conditions previously described’ and thioctamide
reduction as in Fig. 1 except that the substrate concentration was 2+ 10~3 M. For line 3, 4.5- 103 M
DL-thioctate at pH 6.1 was used (sub-optimal conditions).

The equilibrium constant of the reaction has been measured at pH 7.1 and 23° The average
value of several determinations for
K = [TS,] [DPNH] [H*]

= T [TS,H,] [DPN]
was 1.65-107%, The E, for the thioctic acid
couple calculated from the K was —o.301.

0.6

Fig. 1. Reversible reduction of thioctamide.
Curve 1: The reaction mixture contained 100
pmoles phosphate buffer, pH 7.0, 0.29 pumoles
DPNH and 2.3 gmoles DL-thioctamide in 2.5 ml.
Curve 2: 100 pmoles phosphate, 1.66 umoles
DPN and 1.2 ymoles DL-dithioloctamide in 2.5
ml. The reaction was initiated by the addition
of 12 ug and 25 ug respectively of KG dehydro-
genase. At 3 min o.or ml lactic dehydrogenase . ) L L

and 1 pumole pyruvate were added to 2. 0 | 2 3 4

Minutes

A340 mu

The diaphorase-like activity associated with purified a-ketoglutaric dehydrogenase?:® might be
mediated through the reduction of the bound thioctic cofactor by DPNH since dithioloctanoate
and dithioloctamide are readily oxidized in the presence of air and methylene blue.
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