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In a preceding comsunication (Siegel, et al., 1964), evidence 

obtained from a study of mutants of Salmonella tynhimurium was inter- 

preted to indicate the existence of an intermediate electron carrier in 

the triphosphopyridine nucleotide (TPNR) specific sulfite reductase from 

that organism. This carrier was envisioned as being reduced by TPNH, 

and was in turn able to pass electrons either directly to flavine adenine 

dinucleotide (FAD) or cytochrome c, or indirectly to inorganic sulfite 

or hydroxy1amine.e The postulate is summarized by the flow diagram of 

Scheme I. In this camaunication we shall provide kinetic evidence which 

supports that postulate. 

Scheme I 

TPNR~KB2~sulfite, hydroxylamine 

+ 
cytochrome c, FAD 

The enzyme preparations employed in these endeavors were obtained 

as follows: Cultures of wild-type cells (LT-2) and of certain mutants 

were harvested during the logarithmic phase of growth on a minimal 
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medium which contained L-djenkolic acid as the sole source of sulfur 

(see Dreyfuss and Monty, 1963). The cells were washed once with sulfur- 

free medium, resuspended in 0.05 M sodium phosphate buffer, pH 7.7, and 

subjected to sonic disruption with a Branson Model S-75 Sonifler. The 

suspension thus obtained was subjected to a 30 minute centrlfugation at 
30,000 x g. The supernatant from this treatment served as the source of 

enzyme activity. Ensyme assays were performed essentially as described 

earlier (Siegel, et al., 1964). 

The electron-flow diagram of Scheme I predicts that cytochrome c 

will compete with both hydroxylamine and sulfite for the electrons of 

the intermediate carrier "xIIz'"* This prediction is borne out by the 

following observations with enzyme prepared from wild-type cells. when 

the rate of cytochrase c reduction by TPNH Is observed at 550 w, the 

addition of hydroxylamine results in a competitive inhibition. When 

these data were analyzed by the method of Lineweaver and Burls (1934), 

the followlng physical constants were obtained: s for cytochrome c, 

7.7 x 10'6M; KI for hydroxylamine, 0.8 x 10m3M. The same data, when 

examined through a plot of the reciprocal of the velocity of cytochrome c 

reduction versus the concentration of hydtoxylamine (Figure l), reveal 

Figure 1. Jnhibitiogs Cvtochraae g geduction by flvdroxvlq& 
Reaction mixtures contaiued 30 u moles pyrophorphate, pg 8.0; 0.2 p dle 
TPND; 20 p w. wild-type extract; and 0.009 (A), 0.0135 (B), 0.018 (C), 
or 0.045 (D) fi moles oxidized cytochrom c, in a total volume of 1.0 ml. 

that the maxlsnm inhibition obtaiuable with hydroqlamine Is always less 

than lOO%, and is luveraely related to the concentration of cytochrase c. 

This observation was to be expected in view of the earlier demonstration 

that the ratio of the w-1 rates of reduction of cytochrase c and 

hydroxylamine is approximately 1.6 to 1. The 5 for hydroxylamiue cal- 
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culated from the data of Figure 1 is 1.5 x lo-%, agreeing favorably with 

the KI calculated frax the Lineweaver-Burlc transformations and with a 

4 of 1.2 x 10 -sr calculated for hydroxylamina when the latter is em- 

ployed as a sole terminal acceptor of electrons from TPklli. 

As noted earlier (Siegel, et al., 1964), cytochrome c is reduced 

11 times faster than is sulfite by the wild-type Salmonella enzyme prep- 

arations. In agreement with these data'ls the observation that sulfite 

produced only a negligible inhibition of cytochrome c reduction (Table I), 

even when the fonaer is present at a concentration 250 times higher than 

the G concentration for sulfite (the l& for sulfite serving as sole ter- 

minal electron acceptor Is 2.0 x 10W5M). 

Two types of kinetic evidence suggest that sulfite and hydroxylamine 

are reduced at a cosmum enzyme binding site. First, in studies of the 

hydroxylamine-dependent oxidation of TPNH, the addition of appropriate 

concentrations of sulfite yields data which conform to the classical 

picture of competitive inhibition. In spite of the fact that sulfite is 

Table I 

gffect of Arsenite, llydroxylamine, and Sulfite on Cytochrome c Reduction 

Additions X Inhibftion 

None - 

10 SIM Nl$OR 45 

10 ml4 Nl12011 + 1 mM arseaite a 

1 s&i arsenite 0 

5 mM blsulflte 5 

The basic incubation mixture contained in a 1.0 ml total volume: 
30 p moles pyrophosphate buffer, pH 8.0; 0.2 or moles TPNE; 20 pg wlld- 
type extract; and 0.023 p moles oxidized cytochrome c. Absorbancy 
change followed at 550 nyr. 

actually an alternatfve substrate to hydroxylamine, the former is reduced 

slowly enough in cwrison to the latter (V- for Nl$OE/V,, for Sul- 

fite - 7) so that under the conditions employed in our experiments the 

total rate of TRJH oxidation is not significantly different.from the 

rate due to the reduction of hydroxylamke. A Lineweaver-Burk plot 

demonstrating the competitive inhibition by sulfite of the TPNE-hydroxyl- 
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amine reductaae activity is presented in Figure 2. 

A second observation supporting the idea of a camon binding site 

for sulfite and hydroxylemine is the fact that eodim areenite is a 

canpetitive inhibitor of the reduction of either of the two acceptors. 

The KI for areenite in the TRW-oxidation assay with either of the above 

acceptors is approximately 6-10 x lo-4. No detrimental effect of 

areenite on the reduction of cytochrome c has been noted. 

Extending these latter observations in evaluating the validity of 

the flow diakram of Scheme I, it is significant that areenite alleviates 

the inhibition by hydroxylamine of the TRM-cytochrome c reduction 

(Table I), apparently by virtue of the ability of arsenite to prevent 

I/ [Nt4#H]-Uteri?. /l&k Xlb3 

Figure 2. Jnhibition Bvdroxvlemine-Dependent Tm Oxidation & 
Reaction mixturee?ontained 30 @ moles QgrOphOSphStS, QH 8.0; Sulfite. 

0.2 b moles TPNkI; 0.2 mg. wild-type extract; and hydroxylamine hydro- 
chloride, in a total volume of 1.0 ml. 

the binding of hydroxylemine to the enzymic site of reduction. Further- 

more, extracts of the mutants a G-439 and D I-68, which have lost the 

ability to reduce sulfite and hydroxylamine, are insensitive to any 

negative influence by hydroxylemine on the reduction of cytochrcme c. 
From the data emrized above together with that presented earlier 

we conclude that the sulfite-reducing system of S. tpphimurium contains 

at least two distinct enzpic sites. At one of these, cytochrome c, and 

probably FAD, can function as an electron acceptor. The reduction of 

sulfite occurs at an entirely separate site, as demonstrated by the 

selective effects of areenite and by the differences in genetic depend- 

204 



Vol. 17, No. 3, 1964 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ence (Siegel, et al., 1964). Three kinds of data pertain to the relation- 

ship between sulfite and hydroxylamine: (1) they are competitive as 

terminal electron acceptors; (2) in this role, they are mutually suscep- 

tible to arsenite as a competitive inhibitor; and (3) the ability of both 

to serve as terminal acceptors is apparently dependent upon the same 

group of cistrons. These observations are necessary, but not sufficient, 

criteria for the conclusion that sulfite and hydroxylamine are reduced 

at a ccmmon enzymic site. 

Kemp, et al. (1963) noted the ability of the sulfite-reducing sys- -- 
tern from Escherichia coli to employ a number of compounds and ions as 

terminal electron acceptors, and presented a plausible argument that the 

reduction of all of these by TPNR occurred at a coeunon site on a single 

enzyme. A major point in their argument was the copurification of the 

several activities to a specific activity about 100 fold above that of 

a crude bacterial extract. We have recently achieved an 35fold puri- 

fication of the TPNH-sulfite reductase from the 30,000 x g supernatant 

of wild-type 2. typhimurium. These preparations retain the same rel- 

ative abilities to employ sulfite, hydroxylamine and cytochrome c as 

terminal acceptors as found in the crude preparations. In spite of the 

tendency of the sulfite-reducing system to behave as a single entity 

during conventional purification procedures, the genetic and kinetic data 

present an overwhelming argument that the TPNR-sulfite reductase of 

2. typhimurium is a multi-site, multi-component system. It is probable 

that the system consists of an organized aggregate of component proteins 

which thus far have resisted separation. 
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