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The symmetrical transhydrogenase reactions, 

DPNH + DPN + "_, DXi-' + DPNH 

TPNH + TPW+ z TPN+ + TPNH 

were shown to be catalyzed by flavoproteins by Weber and Kaplan 

(1957) using the acetylpyridine analogues of DPN and TPN, 

respectively. In a study of the reaction in deuterated water 

catalyzed by the Straub (1939) diaphorase, Weber et al. (1957) 

demonstrated that the reaction proceeded by electron transfer 

and that the catalytic mechanism involved enzyme reduction, 

since this enzyme effected an exchange of DPNH hydrogen with 

deuterated water in the absence of an acceptor. Since a resolved 

TPLqH-cytochrome C reductase (Horecker, 1950) was found to cata- 

lyze the transhydrogenase reaction, Weber et al. (1957) proposed 

that a protein function, other than FAD, was reduced in the 

reaction. In this communication we wish to present evidence for 

the possible dithiol nature of this group. 

1 Publication No. 52 of t'ne Graduate Department of Biochemistry, 
Brandeis University. 

2 Supported in part by grants from the National Cancer Institute 
of the National Institutes of Health (NIH CY 3611), the 
American Cancer Society (ACS P 77a), and the National Science 
Foundation (NSF G-4512). 

3 Present address: John Harrison Laboratory of Chemistry, 
University of Pennsylvania, Philadelphia. 

354 



Vol. 2, No. 5 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS May 1960 

We have studied the transhydrogenase reaction of a flavo- 

protein isolated from beef heart mitochondria and purified by 

nxthods similar to those reported by Massey (1958, 1960). In 

addition to the DPLM-DPN transhydroyenase activity, this enzyme 

exhibits strong lipoic dehydrogenase and menadione reductase 

activity and catalyzes a slower diaphorase reaction with 2,6- 

dichlorophenol indophenol. Searls and Sanadi (1960) have demon- 

strated that preincubation of diaphorase with DPHH and arsenite 

or cadmium lead to inhibition of the lipoic dehydrogenase acti- 

vity. The data in Fig. 1 indicate rl similar effect on the trans- 

hydrogenase reaction when the beef heart flavoprotein is incu- 

bated with cadmium in the presence of DPXI. Furthermore, BAL or 
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Inhibition of the reduced flavoprot+n by cadmium chloride. 
0.01 ml of enzyme were preincubated 10 minutes at 30° with 
0.01 ml of the following additions: 1 M sodium phosphate 
(recrystallized from EDTA), pH 7.5, 0.01 M KM, CdC12 to the 
final concentration indicated and 0.1 P1 buffer as above or 
DPXH, 1 mg/ml diluted with the same buffer. -The reactions were 
stopped by chilling and dilution to 0.5 ml. 0.02 ml of the 
reactions mi>itures were assayed in the transhydrogenase resc- 
tion using the thionicotinamide analogue of DPE as described by 
Stein et al (1959). -- The data are expressed as the percentage 
remaining activity in the samples with DPPiD compared to the 
controls without DPLTH . The control reactions had a rate of 
about 0.421 0.026 optical density units at 400 w per minute 
over the entire concentration range of cadmium. 
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Fig. 2 

Inhibition of the flavoprotein by DPNH. The enzyme was prein- 
cubated with various components of the transhydrogenase reac- 
tion mixture in the cuvette for 2.5 minutes, the remaining com- 
ponents added and the reaction was started by adding the thio- 
nicotinamide analogue of DPN. (0) - no preincubation, (A) - 
enzyme preincubated in buffer only, (A) - enzyme preincubated 
with buffer and o-phenanthroline (3 x 10 -5 

14) , (0) - enzyme 
preincubated with buffer and DPNH, (01 - enzyme preincubated 
with buffer, DPLW and o-phenanthroline (3 x 10 -' M). 

1,2-dimercaptopropane (low3 M_) reverse the cadmium inhibition, 

whereas glutathione, at the same concentration has no effect. 

KCN is included in the reaction mixture, since we have observed 

an inhibition of the transhydrogenase reaction when the enzyme 

is preincubated with DPNH alone. Fig. 2 shows this effect, and 

its prevention, inthis case by o-phenanthroline. 

These observations may be explained most simply by the 

sequence, 

DPNH + H+ + $E~z-F~ + DPN+ + ":Enz-FAD 

HS 

where the dithiol group is the first group reduced by DPNH; FAD 

may not participate in the reaction. Since the lipoic dehydro- 
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genase and transhydrogenase reactions are inhibited and reacti- 

vated under the same conditions, it is reasonable to assume that 

both pyridine nucleotides and lipoic acids interact with the 

same postulated dithiol group on the enzyme. Dye reduction 

could, then, result from either direct interaction of DPNE and 

enzyme FAD, as discussed by Searls and Sanadi (1960), or electron 

transfer from the reduced dithiol function to FAD. 
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