
I 8  4 PRELIMINARY NOTES 

On the reaction mechanism of lipoyl dehydrogenase 

I t  has been shown that lipoyl dehydrogcnase from pig heart is a fiavoprotein I-:~ 
identical with S'rRAUZ ~ diaphorase. Further studies have shown that  i,a catalysis, the 
flavin is functioning between the oxidized and semiquinoid levels:', witk oi3ly one 
interconversion of FAD and FADH" per catalytic cycle.The fate of the other ,flcctron 
involved has been clarified by the finding that  a second molecule of pyridine nucleotide 
and the conversion of a protein disulphide linkage to a protein dithio! are involved 
in the reaction. The reduction of lip S~ by DPNH shows a lag period which occurs to 
varying extents with some commercial samp!es of DPNH but not with others ~nd 
hence was attr ibuted to the presence of an inhibitorL Fig. x shows that  this lag period 
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"" ,t I~J 1 , " " " I _ ~  .a . .  O p w ~  a .  g*-~,l Iqg. ". The effect o¢ DPJ on the  "eduction of hp  So )y D P .  I,.. J.he C ' ~  ~" 
react ions  were carried, out  a t  25 ° in a , ¢ o l u m e  o(  3 mL Each cell " i ] 
(z cm l ight  pa th)  con ta ined  'zSOO/.mao]es c i t ra te  (pH 5.6=) 3 p.moles ~ I ]~ 
EDr.- , mg ,,-,o'es S, kOl, mo,c i / / 
DP_-N'H (fl'eshly made  S-'gma 98 °./o) -'-- 0.3 um,.fie ]?)PN. l?eaetion was ~ , , ~ l _  ! ~ , ~ ,  
begun by  add i t ion  cf : .4 it.g pure  ~iiaphorase. and followed b y  thc  q "~'~ ~ ,,,o,%he 
decrease in absorbancy  at  3,to m/.¢.. The first  reading was eake ' , ' a f tcr  I ~ . ,"/  
3 o sec ( indicated by arrow) i all subsequen t  differences (corrected for I F - - f  
b lank  ra tes  in tbe  absence 'o f  enzyme)  were re la ted  to this  reading.  [J ._.~ 'J  , i 
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SUBSTRATJ$-INDUCJ:;D DtSULp2-jII)/-~--DITFIIOL REACTION IN DL~PI{ORA.~.E 

irt the experi,ne,~ts with diaphorase (o.35 mg!m[), enzyme was incubated at o ° ,.Yith o.o 3 .:!7 
phosphate pH 6.3, 3" J o -:~ 3[ EDTA and the concentrations of re~.ctants sho~,.n. Samples of o.e:-. 
o.o 3 m] were withdrawn to test activity spectrophotometrical]y at 25 °. In tbc Up S., essn.y ¢aei~ cell 
contained in a vol. el 3 ml, 25oo itmoles citrate pH 5.65, 3 ,umoles EDTA0 2 .,rift bey!he serl,m 
albumin, 2 itmoles DL-]ip S~, o. 3 pmole DPN]~[, o. 3 itmole DPN. Absorb,'tncy elm nges :,,,ere !allowed 
at 34 o mlt. after the addition (fl enzyme. The DCIP ~ssa.ys were performed as describe(] prcvionsly ~. 
In the experiments with ]CGD, enzyme (~ .i 5 mg/m]) was incubated at o" with o.o3 ~I ]?hospbate 
pl-I 7.4, 3 "~o-sM EDTA. ~nd the concentrations of reactants shoxvn. ]<GD was prepared as 

described previously -°. Samples o~ o.o]--o.o3 ml were taken for assays a.s descrfl)ed above. 

Rdali~'¢ ag.'iv95' 

milk LipS:: *~itl: DCII" 

Diaphorase  at  o '~ (:oo) (loo) 
Diaphorase  incuba ted  with lo  -:~ 2|! arseni te  :oo  ~oo 
Diaphorase  inc~fl)ated with 4" J o -4 M DPNH. too J ooo 
Diaphorase  incuba ted  with 4" J c-4 ..V DP_NU-1 -~- 

] o-S : ' I I  a r s c n i t e  ~ 7 i 4 o o  
I~GD complex a t  o ~" (1 oo.~ (J oo~ 
KGD comple.x incuba ted  with J o - Z  ;~I arseni te  J 05 r 2o 
KGD complex  incuba ted  with 4" ~o-'~ ,~I CoASH -b 

3" ro-Z M K(;-" ~o5 7 ° 
K G D  complex  iacubated  with 4" JO-:' M CoASH + 

3-~o -8 M I<G 4- ~o -z ;~I arseni te* 8 7 ° 

*These  react ion mix tures  also conta ined ~o -3 ~'/ cystein¢.  

Abbrevia t ions :  CoASH, coenzyme A; DPN,  DP..N'" and DI~.N']-I, oxidized, ha.lf-redvced a.nd 
reduced d iphosphopyr id ine  nucleot ide;  EDTA,  e thylenediaminete t raacet~, te ;  FAD, ~F.\DH." and  
FADH2,  oxidized,  semiquinoid and fnlly reduced  f lavin-adenine dinueleot ide;  ING, a-ketog!utara te  ; 
KGD,  ke toglu tara te  dehydrogenase  complex ;  lip Se and lip (SH)2, oxidize(L ar.d r('d3.1ce6 ' ipoic 
ac id ,  TP]?, th i amin  pyrophospha te .  

B i o c h i m .  B i o p h y s . . q c l a ,  4 ° (z96o) J 84--J S 5 
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is due to the production of DPN, which is required as a cofactor in the reaction. The 
function of a reactive disulphide group in the enzyme has been revealed by studies 
with arsenite, as shown in Table I. When diaphorase or KGD was incubated with 
lO -3 M arsenite and then diluted lOO-3OO fold in the assay, inhibition was produced 
only in the presence of reducing substrate. The activation of the DCIP activity ob- 
served with diaphorase was also produced by DPNH alone and hence is clearly a 
different phenomenon to the inhibition of the lip S 2 activity. The inhibitions were 
obtained very rapidly and were stabie for several hours. After that they reversed 
slowly as the reducing substrate bec~me exhausted through a slow reaction of the 
enzyme with 0 2. The inhibitions werh independent of the order of addition of the 
arsenite and substrates. 

It  is clear from the results presented here that arsenite inhibition is not mcessarily 
a reaction with enzyme-bound lip(SH)2 as postulated before G-s, 2 but that an arsenite- 
sensitive dithiol is involved in lipoyl dehydrogenase, which has been separated from 
the rest of the KGD complex 2, 9, and shown not to contain any bound lipoic acid 2. In 
view of the involvement of the flavin at the semiquinoid level a and the results pre- 
sented here it is proposed that the reaction mechanism of lipoyl dehydrogenase may 
be represented as follows: 

FAD enz S 2 + lip (SH)~ ~ FAD enz (SFI)2 + lip S~ (I) 

FAD enz (SH)2 ~ FADI-{' enz S" SH (2) 

FADFI" e n z S "  SH + D P N ~ - F A D I K "  enz S 2 + DPN" - /  IK + (3) 

FADFI" enz S~ + D P N  ~- FAD enz S~ + DPN" + t-I + (4) 

2 DPN"  + H + ~ D P N H  + D P N  (5) 

Overal l : l ip  (SH)e + D P N  ~ lip S 2 + D P N H  + H + (6) 

In this formulation, it is proposed that the sharing of electrons between DPNH 
and DPN (reaction(a)) may be very much enhanced by the binding of these substances 
at adjacent groups in the enzyme, so tha t  the near-planar pyridine rings lie closely 
parallel. This situation, similar to that proposed by GRABE 1° for electron transfer 
between pyridine nucleotide and fla~in, would be expected to result in electron- 
sharing between the two enzyme-boufid pyridine nucleotides. 
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