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Recent work from several laboratories (Massey, 1958; Koike and
Reed, 1959; Seerls and Sanadi, 1959; Notani and Gunsalus, 1959) has shown
that dihydrothioctyl (dihydrolipoyl) dehydrogenase is a flavoprotein close-
ly related to Straub's diaphorase (Straub, 1939). The activities associated
vith the enzyme are shown in Equations 1 and 2 where TS, stands for a thi-
octyl derivative. Evidence for the possible involvement of a vicinal dithiol,
DPMH + H' + TS, g===RDEN" + T(SH), (1)
DPNH + H' + Dye ====p DPN* + Dye H, (2)
in addition to FAD, in Reaction 1 is presented in this communication.
The data in Table I show that dihydrothioetyl dehydrogenase forms
a complex with arsenite or Ca** in the presence of DPNH. The interaction re-
sults in loss of activity in the reduction of thioctamide (Reaction 1) and a
concomitant increase in the diaphorase activity (Reaction 2). DPN does not
replace DPNH in the system. The effect of arsenite is largely reversed by
a dithiol compound (2,3-dimercaptopropanol, BAL); howaver, a monothiol (cys-
teine), even at much higher concentrations is considerably less effective.
The results may be explained on the assumption that the reduction
of thioctamide by DPNH proceeds through the mediation first of FAD and then
of an enzyme-bound disulfide group (Reactions 3 to 5)s The reduction of
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2,6=dichlorophenol indophenol requires only FAD (Reaction 3 plus 6). The

enzyme dithiol formed in the presence of DPNH could bind arsenite and cd*t

+ s‘; + S‘\
DPNH + H + _!, JE-FAD = DEN' + é _E-FADH, (3)
S HS
~
| CE-FiDH, o> E-FAD (4)
s HS
HS S S H
)E-FAD + T:l q-—\|>E-FAD + T<s (5)
HS S S SH
S s
N ~
g/E-FADHz + Dye wmp é _E-FAD + Dye H, (6)

and result in inhibition of thioctamide reduction which consists of the se-
quence of Reactions 3-5. On the other hand, elimination of Reaction 4 would
favor Reaction 6 since they are in competition for the FADH2 formed in Reac-
tion 3.

Reaction 5 may involve a disulfide interchange as postulated sar-
lier (Senadi, Langley and Searls, 1959) on the basis of the kinetic proper~
ties of the dihydrothioctyl dehydrogenase reaction. Since the purified fla-
voprotein has no detectable thioctic acid (Searls and Sanadi, in preas), the
vicinal dithiol may be associated with the enzyme protein as in the case of
aldehyde dehydrogenases studied by Jakoby (1958). The possibility that it
is a part of an unknown small molecule similar to thioctic acid cannot be
excludede There is a significent difference between these two systems. 4
monothiol was necessary for producing the inhibition by arsenlte in the case

of the aldehyde dehydrogenase; however, BAL or cysteine did not replace DPNH

in the experiments shown in Table I. The specific requirement of DPNH favors
the assignment of an oxidation-reduction role to the enzyme-disulfide group
in dihydrothioctyl dehydrogenase.

The effectiveness of arsenite in the activation of the dlaphorase
reaction may depend on the particular electron acceptor used and how effec-

tively it can compete with the disulfide for FADHZ. This type of competition
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Table I

Effect_of Arsenite and Cd** on Dihydrothioctyl Dehydrogenage

— mine/m
Experiment Preincubation Conditions Deggégzziiase Diaphorase
1 1l - 114 0.69
2 DPNH 107 0.58
3 Arsenite 112 0.58
4 DPNH + Arsenite 19.9 154
5 DPNH + Arsenite + BAL T4
6 DPNH + Arsenite + Cysteine A5
2 1 - 9L 0.60
2 DPNH 93 0058
3 ™ s5x107y 89 0.52
4 DPNH + ca*? Vel 2.00

Dihydrothioctyl dehvdrogenase: To solutions containing 2.6 uge
of dihydrothioctyl dehydrogenase, 0.4 mge. bovine serum albumin and 25 ;Lmoles
of phosphate buffer at pH 7.2 were added, as indicated, 0.03 pmole DPNH,

0.1 pmole sodium arsenite or 0.01 pmole cadmium chleride. Then 0+3 umole
BAL and 2 ,Lmoles cysteine, each in 0.0l ml., were added as showne The final
volume in each preincubation mixture held in an ice bath was 0.2 ml. Dihy=-
drothioctyl dehydrogenase activity was measured by adding 0402 mle of the
preincubated enzyme solution to a reaction mixture containing 50 }Lmoles phos-
phate, pH 6.8, 0,18 pmole DPNH and 075 pumole DL-thioctamide in 0.98 ml. at
30°.

Disphoragse: 52 Mo of dihydrothicctyl dehydrogenase were prein~
cubated as above, except the final volume was O.4 mle Then 0.02 ml. was
added to 150 pumoles phosphate, pH 73, and 0.3 jpmole DPNH in 2495 ml. at
30°. The reaction was initiated by the addition of 0.03 mle of 1% 2,6-di-
chlorophenol indophenol.

may be one reason for the large differences in the rates of reduction of ar-
tificial acceptors in various electron transport systems,

The oxidation of =keto acids by DPN is a relatively simple seg-
ment of the more complex respiratory chain ending with oxygen as the terminal

acceptor. Even so, the electron transfer sequence may involve at least three
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intermediate carriers as showns
¢ -keto scid — Thioctate —3» Ensyme disulfide —FAD —3» DPN
DPT —=) Dyes
The oxidation of the -keto acid by artificial acceptors like ferricyanide
or dyes may involve diphosphothiamine in a different sequence (Searls and

Sanadi).
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