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SUMMARY 

I.  The NADPH-linked sulphite reductase (EC 1.8.1.2) has been purified 300 - 
fold. 

2. The stoichiometry for NADPH/S 2- is 3:1 and for SO~-/S 2- I :I. 
3. Inhibition studies indicate a requirement for thiol groups, flavin and iron for 

enzyme activity. A CO inhibition which was reversed by light, suggests the partici- 
pation of a haemprotein. 

4. The enzyme is st imulated by riboflavin, FMN or FAD and the Km values 
are 4.6, 6.3 and 8.3" IO -5 M, respectively. 

5. The participation of flavin and haemprotein for the reaction is further 
confirmed by a difference spectrum obtained by adding sulphite to the enzyme. 
Difference spectra of oxidized versus reduced enzyme are typical of a haemoflavo- 
protein. Moreover, in a difference spectrum reduced versus reduced plus CO, a Soret 
peak (416 m/~) and trough at 432 mju, is similar to that  of cytochrome o. 

6. During enzyme action, gaseous products were not detected in a mass spectro- 
meter, nor were any free sulphur intermediates found when [35SIsulphite was used. 

7. A spectrophotometric method for determining SO~ 2- using 5,5'-dithiobis- 
(2-nitrobenzoie acid) has been developed. 

8. A model for the electron transfer sequence for sulphite reductase is presented 

INTRODUCTION 

Sulphate is reduced to thiols by microorganisms and plants, prior to their 
incorporation into amino acids and proteins. The enzyme, sulphite reductase (EC 
1.8.1.2), catalyses the 6 electron reduction of SO~ ~- to S 2- provided a suitable hydrogen 
donor is added. Although the enzyme has been found in a variety of microorganisms 1-s 
and in plantsg, 1°, it has been purified from a few of them only 11-18. 

Sulphite reductase from yeast  or bacteria utilize either NADPHI,n, 16-2° or 
reduced methyl  viologen2,12, ~o as an electron donor, in contrast  to the plant enzyme 
which utilizes the reduced dye only 1~-18. 

Abbreviations: DTNB, 5,5'-dithiobis-(2-nitrobenzoic acid); POPOP, 1,4-bis-(5-phenyl- 
oxazolyl-2)-benzene; PPO, 2,5-diphenyloxazole; PCMB, p-chloromercuribenzoate; PAPS, 
3'-phosphoryl-5'-adenosinophosphosulphate; DCIP, 2,6-dichlorophenolindophenol. 
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Although WAINWRIGHT 6 had earlier reported that the NADPH-linked sulphite 
reductase in yeast is composed of 6 protein fractions viz. ~, fi, y, elc., he 21 subsequently 
found that tile enzyme corresponds to a single a-protein. Meanwhile NAIKI 2° purified 
the enzyme from bakers' yeast and found that it contained two protein nloieties 
viz. an NADPH-dye  reducing system coupled to the reduced methyl viologen 
sulphite reducing component. Although a flavin requirement has been reported for 
a purified enzwne fronl bakers' yeast 22, the enzyme has not been fully characterized. 

MATERIALS AND METHODS 

Or~auism 
Bakers' yeast was obtained locally from Mauri Bros. and Thompson, Adelaide, 

South Australia. 

Reage,zts 
NADP*, NADPH, DTNB glucose-6-phosphate dehydrogenase (A-grade) and 

1,4-bis-(5-phenyloxazolyl-2)-benzene (POPOP) were obtained fronl Calbiocheln, Calif., 
U.S.A.; glucose 6-phosphate, FMN and GSH were fronl Sigma Chemical Co., St. 
Louis, U.S.A.; riboflavin was supplied bv British Drug Houses, Poole, England. 
Sephadex G-25 was purchased from Pharmacia, Sweden; DEAE-cellulose (DE II) 
was fronl Whatman Co., England and a'~S-labelled sodium sulphite (specific activity 
2.2 mC/mmole) was purchased from Radiochemical Centre, Anlershain, England; 
the 2,5-diphenyloxazole (PPO) was from Nuclear-Chicago, Des Plains, Ill., U.S.A.; 
carbon monoxide was obtained from Townson and Mercer (Dist.) Pty., Adelaide. 

All inorganic reagents were of analytical grade. 

Assc(v of sulphite reductase activity 
The reaction mixture, contained in addition to tile enzyme, the following 

reagents in/~moles, in a final volume of 3 ml: phosphate buffer (pH 7.4), 600; MgC12, 3 : 
Na2SOa, 3; NADP+, 0.3; glucose 6-phosphate, 5; and glucose-6-phosphate dehv- 
drogenase, 0.5 (I.U.) to generate NADPH. 

The reaction mixtures were incubated for 4 ° nlin at 3 o°, in I tin ~ io cm test 
tubes, covered with rubber caps and the enzymically produced sulphide was deter- 
mined according to SIEGEIfi a, except that 0.3 nil each of the colour reagents (:\',;\- 
dimethyl-p-phenylene dianline sulphate and ferric chloride), were injected through 
the rubber caps. 

The calibration graph prepared with standards of Na2S ' (  ) H20 in the phosphate 
buffer was linear over tile range, IO 2oo m/~nloles. 

Protein was determined by the Folin method as modified by C()w(;H~I~ A,Xt) 
P.aRDEE 2~, with bovine sermn albumin as a standard. 

The unit of enzyme activity is defined as/~moles sulphide produced per ml of 
enzyme in 4 ° rain at 30 ° and the specific activity as these units per mg protein. 

Purificatio~l 
NAIKI'S 20 method has been modified to attain a 3oo-fold purification as follows : 

All operations were carried out a 2 ° using 0.2 M potassimn phosphate buffer (pH 7-4) 
and centrifuging was done at 30 ooo x g for 20 rain. Enzyme fractions were dialysed 
in Visking cellulose tubing, against the same buffer. 
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Yeast cells suspended in an equal volume of the buffer (w/v) were broken in an 
Aminco French pressure cell (2oooo lb/inch2). The homogenate was centrifuged and 
then dialyzed (Fraction I). The enzyme protein was collected between 38°; and 
48% saturation of ammonium sulphate, dissolved in and dialyzed against the buffer 
(Fraction II).  The resulting fraction, diluted to a final phosphate concentration of 
o.15 M was applied to a DEAE-cellulose column and a stepwise elution was made 
with o.15 M and 0.25 M buffer. The enzyme was eluted finally with 0.25 M buffer and 
was concentrated by  ammonium sulphate fractionation (0-60% saturation) and was 
then dialyzed (Fraction III). Fraction I I I  was applied to another DEAE-cellulose 
column and this time a linear gradient elution was made with 200 ml each of o.i M 
and 0.3 M buffer, collecting 5-ml fractions. The enzyme was eluted between 0.22 M 
and 0.25 M buffer and the active portions were pooled (Fraction IV). Finally Fraction 
IV was further purified and was concentrated to about one-tenth of its volume by ad- 
ding dry Sephadex G-25 beads and filtering the supernatant fraction through Whatman 
No. I paper under mild suction. This process was repeated 3 times (Fraction V). The 
dimensions of the DEAE-cellulose column were 2.2 cm × 33 cm. 

Sulphite determination 
Sulphite was determined by the following colorimetric method: o.I ml 1% 

(w/v) 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) 25 in o.I M phosphate buffer (pH 
7.0) was added to a series of samples containing 20-200 m/~moles sulphite, in a final 
volume of 3.0 ml and mixed well. The colour which developed after 5 min was deter- 
mined at 412 m# in a spectrophotometer. Sulphate did not interfere even at lO -2 M. 
The interference due to reduced sulphur compounds or flavin is negligible if their 
concentration is kept below lO -5 M. The DTNB-reagent is stable as is the colour 
produced with sulphite in contrast to the GRANT'S basic fuchsin method 26. 

Residual sulphite was determined in open tubes. The reaction was stopped by 
adding 2 ml absolute alcohol, and the precipitated protein was centrifuged. A suitable 
portion of the supernatant  fraction was used for the sulphite determination. The 
results are comparable with those obtained with the GRANT'S method 2e. The sensitivity 
of the method can be increased by decreasing the final volume. 

Inhibitor and kinetic studies 
Studies with inhibitors and the determination of Km values for flavin compounds 

were done with the Unicam SP 700 recording spectrophotometer by  following the 
oxidation of NADPH at 340 m#. 

Carbon monoxide inhibition and light reversibility studies were carried out as 
follows: about 5 mg of NADPH were added to o.I mg of the purified enzyme (Fraction 
V) in I ml phosphate buffer (pH 7.4). CO was bubbled through the solution for 3 rain 
at 4 °. Portions of this pretreated enzyme were used to assay S 2- produced under assay 
conditions given in METHODS except that  0. 3/~mole of NADPH was used without the 
NADPH-generating system. The CO-treated enzyme in a duplicate sample of the 
reaction mixture was exposed to a bright tungsten lamp for IO min. 

Spectral studies 
All the spectra were determined in the Unicam SP 8oo spectrophotometer, 

using an expansion recorder (Servoscribe type RE 511) at 20 mV. 
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Mass spectrometry 
The enzyme mix ture  was incuba ted  e i ther  in Ri t t enberg  tubes  or in a double  

arm W a r b u r g  flask. Sulphi te  solut ion was kep t  in one arm and the react ion mix ture  
was in the  o ther  l imb of the  R i t t enbe rg  tube  or when a W a r b u r g  flask was used, the 
flask conta ined  t l le react ion mix ture  and the s idearm the sulphite.  After  the Ri t t en-  
berg tubes  or the  W a r b u r g  flasks were r igorously  evacua ted  to io  2 n?lll Hg, the 
react ion was s t a r t ed  by  adding  the  sulphi te  solution.  The produc ts  of the  react ion 
were passed th rough  a solid CO,, Dewar  t r ap  to freeze out  mois ture  and  then into  
a mass  spec t romete r  (AEI MS-2). Mass peak readings  were recorded at  in terva ls  
(o 5 rain) for 3o min. When  the W a r b u r g  flask was used, the  react ion was t e rmina ted  
af ter  5 rain by  adding  0. 3 ml of a mix ture  of 2o% (w/v) HgC12 and 6% (w/v) ZnC1,_, 
from the second s idearm. 

Experiments with aSS]sulphite 
The react ion mix ture  in a final volume of 0.2 ml, con ta ined :  0.3 #mole  of 

N A D P H ,  50 in/~C of Na2aaso.a label l ing 22 nvamoles Na2SO a, and  20 mil l iuni ts  of 
enzyme (Frac t ion  I I I ) .  These reagents  were dissolved in o.2 M phospha te  buffer 
(pH 7-4). The samples  were incuba ted  at  3 °o for 5, Io,  15 and 2o min, respect ively .  
Then 0.02 ml of each sample  was spo t t ed  on a 15 cm × 58 cm DEAE-ce l lu lose  (DE 
81) pape r  which was first d ipped  in o.I  M c i t ra te  buffer (pH 5.0) and  then dried.  The 
e lect rophores is  was carr ied out  immed ia t e ly  at  1.5 kV for 7 ° rain using the c i t ra te  
buffer and  a carbon te t rach lor ide  solvent  cooling sys tem.  

.After the  electrophoresis ,  the  paper  was cut  into 2.5 cm 2.o cm str ips  and 
the r ad ioac t i v i t y  was coun ted  in a Packa rd  Tr i -carb  spec t romete r  (model 3375) using 
a sc in t i l la t ion  fluid, wi th  to luene base, conta in ing  PPO and POPOP.  When  iodine 
was used in the  enzyme mixtures ,  a small  c rys ta l  of iodine was dissolved in the 
dup l ica te  sample  before spo t t ing  onto the  D E A E - p a p e r .  

RESULTS 

The results  in Table  I show tha t  the  specific ac t iv i ty  of the enzyme was increased 
3oo-fold by  a m m o n i u m  su lpha te  f rac t ionat ion ,  1)EAE and Sephadex  procedures.  

The enzyme is s table  at  - i 5  " for at  least  4 weeks. 

Stoichiometrv 
When 3oo mil l iuni ts  of the  purif ied enzyine which normal ly  produces  3oo 

lnjZlnoles of S 2 in the  s t anda rd  assay  sys tem (see METHOt)S), were incuba ted  with  3oo 
m/2moles N A I ) P H ,  wi thou t  the  genera t ing  system,  the  reduced nucleot ide  was 
comple te ly  oxidized wi thin  4 ° rain as measured  at  34 ° m#. Under  these condit ions,  
the  amount s  of SOa 2 ut i l ized and the S 2 formed were about  ioo  nvamoles each;  
thus  giving a s to ich iomet ry  of N A D P H / S  2 3: I and  SOa 2 /S ~- I : I  (Table I i ) .  

Inhibitory studies 
Mepacrine and p -ch lo romercur ibenzoa te  (PCMB) each at  IO ~ M inhib i ted  ti le 

enzyme ac t i v i t y  as shown in Table  I I I  and  these effects were reversed by  4 '  I o  t .X'I 
FMN and GSH, respect ively ,  ind ica t ing  a requ i rement  for thiol  groups and flavin for 
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T A B L E I  

P U R I F I C A T I O N  O F  S U L P H I T E  R E D U C T A S E  

P h o s p h a t e b u f f e r ( p H  7 . 4 ) w a s u s e d t h r o u g h o u t .  

257 

Fraction Total Total Specific Fold Recovery 
protein units activity purification (%) 
(rag) (izmoles (units/rag 

orS 2- protein) 
produced 
in 40 min) 

I. Cell free extract  (dialysed against  the 
buffer) 23oo0 284 o.o12 - -  ioo 

II .  The enzyme protein collected between 
38 and 48% (NHI)2SO 4 saturat ion and 
dialysed 2095 176 0.o84 7 62 

I I I .  Fract ion I I  applied to a DEAE-  
cellulose column. Stepwise elution 
wi th  o.15 M and 0.25 M buffers. 
Enzyme eluted wi th  0.25 M buffer. 
Concentrated by  (NH4) 2SO4 fraction- 
at ion (0-60% saturat ion) and 
dialysed 180 159 o. 89 73 56 

IX'. Fract ion I I I  applied to another  
DEAE-cellulose column. Linear 
gradient  elution made wi th  200 ml of 
o.i  M and 0. 3 M buffers respectively 37 85 2.3o 192 3 ° 

V. Dry Sephadex G-25 beads added to 
Fract ion IV. Activity of the super- 
na t an t  fraction filtered under  suction 12 44 3.67 3 °6 15.5 

TABLE I I  

S T O I C H I O M E T R Y  O F  S U L P H I T E  R E D U C T I O N  

Sulphite and sulphide were determined as described in the METHODS (O. 3 uni t  of the 3oo-fold 
purified enzyme fraction used in the assay). The reaction was conducted for 4 ° min. 

N,4 DPH Sulphite Sulphide 
oxidized utilized formed 
(mlzmoles) (re#moles) (mtzrnoles) 

Ratio 

NADPH/S2- S032-]$2- 

300 lO 7 lO6 2.9 I.O 
300 112 lO2 2.9 I . I  

enzyme activity. The PCMB inhibition was observed within IO sec (mixing time), 
after finally starting the reduction reaction by adding SOa 2-, NADPH or enzyme to 
the remainder of the reaction mixture. 

The enzyme was also inhibited by metal  chelating agents including 8-hydroxy- 
quinoline, ~,o¢'-dipyridyl, o-phenanthroline, and KCNS. 

Carbon monoxide inhibited the enzyme after it was first reduced with excess of 
NADPH. The sulphide produced was taken as measure of enzyme activity. This 
effect was reversed by exposing the inhibited enzyme to a bright tungsten light. 
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T A B L E  I I I  

EFFECT OF INHIBITORS ON SULPHITE REDUCTASE 

N A D P H - S O a 2 -  reduc ing  a c t i v i t y  was assayed  by  fol lowing the  ox ida t ion  of N A D P H  a t  34 ° ]rift in 
a U n i c a m  SP 700 record ing  spec t ropho tomete r .  Reac t ion  was s t a r t ed  by  a d d i n g  o. i ml containin,~ 
3 / , m o l e s  of Na2SO a so lu t ion  to 600 / ,mo les  p h o s p h a t e  buffer (pH 7.4), 0 . 3 / , m o l e  N A I ) P H ,  cnzymt '  
(Frac t ion  11I) and  inh ib i to r  con ta ined  in 2.9 mI in a t -cm qua r t z  cuve t t e .  

Inhibitor Fi,2al Inhibition 
co~me~tration (?'o) 
(M) 

PCMB* Io 4 IOO 
Mepacr ine  * * ~ 0-4 75 
8 - H y d r o x y q u i n o l i n e  ~o -3 7 ° 
~ ,~ ' -Dipyr idy l  5" i o  a 56 
o -Phenan th ro l ine  3" ~o a 5o 
KCNS 5" ] o--a 37 
Quin ine  su lpha t e  t 0 -4 3 ° 
A n t i m y c i n  A 1o 4 5 
Sodium azide  [o a o 
A m y t a l  io  a o 

* I n h i b i t i o n  reversed  wi th  4 '  I ° -4  3[ GSH. 
** I n h i b i t i o n  reversed  wi th  4 '  I ° - a  M FMN. 

Flavin requirement 
Riboflavin, FMN and FAD stimulated the activity of the purified enzyme when 

determined by the NADPH-oxidation method (Fig. I). 
The Km values for the flavin compounds were determined as 4.6, 6. 3 and 

8.3" lO -5 M, respectively, for riboflavin, FMN and FAD, showing a somewhat smaller 
dependence of rate on flavin concentration with riboflavin than withlFMN and FAD 
(Fig. I). 

T 20 

E 

t~ 
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FAD 

Clvin 

-24 -20 -10 0 10 20 30 40 

1/IS] ~10 -3 (~M -1) 

Fig. I. Km va lues  for FAD,  FMN and  r ibof lavin  in the  N A D P H - S O 3 ~ -  reduc ing  sys t em (Frac t ion  
V). The ox ida t i on  of N A D P H  was  followed a t  34 ° m/* in a U n i c a m  SP 7o0 record ing  spec t rophoto-  
meter .  The  reac t ion  m i x t u r e  con ta ined  60o pmole s  p h o s p h a t e  buffer (pH 7.4); N A D P H ,  o. 3 
#mole ;  Na2SO 3, 3 / ,moles ;  enzyme  25 mi l l i un i t s  and  v a r y i n g  a m o u n t s  of added  FAD,  FMN or 
r ibof lavin ,  in  3 ml  in a i - c m  q u a r t z  cuve t te .  The  increased  ra te  of N A D P H - o x i d a t i o n  w i t h  added  
f lavin (S) af ter  co r rec t ing  for enzyme  a c t i v i t y  w i t h o u t  added  f lav in  is p lo t t ed  accord ing  to  the  
m e t h o d  of L ineweave r  and  Burk.  The  enhanced  r a t e  observed  d id  no t  resu l t  f rom a chemica l  
react ion,  s ince N A D P H - o x i d a t i o n  did not  occur  when  the  enzyme  was  e i ther  o m i t t e d  or boiled. 
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The addition of ferredoxin prepared from Clostridium pasteurianum ~7 did not 
have any  effect on the enzyme. 

DiCerence spectra 
After obtaining a straight base line with the 7o-fold purified enzyme in both 

the cnvettes, the addition of a crystal of Na2S20 4 to the sample cuvette resulted in a 
pronounced peak at 428 m# and comparatively small ones at 558 and 589 m# in 
addition to a broad trough around 458 mff (Fig. 2). 

÷0.06] it +o.oo1 t, 
+0.0'+Iii ",A o°+°°+I 
+o.o2.1 ~,1 / ' f \  ,I +o.o2~ ~ ~,,,~ 

i !  ~, ] . . . .  ': ................. 

'+ot"" v /  
400  4 5 0  .500 5 5 0  6 0 0  400  4 5 0  500  5.50 6 0 0  

~, (rap) ;',(rap ) 

Fig. 2. Difference spectra for (a) oxidized versus Na2S20 * reduced and (b) Na2S204 reduced versus 
Na2S20 ~ reduced plus CO. Straight  base line was obtained with a 7o-fold purified enzyme (Fraction 
I I I )  in phospha te  buffer (pH 7.4) in bo th  cuvettes (I cm) in a final volume of 2.5 ml. The enzyme 
in the sample cuvette  was then  reduced wi th  solid Na~SaO t and the difference spec t rum ( ) 
was recorded. Then Na2S20 a was added to bo th  cuvettes  and CO bubbled th rough  the sample 
cuvette  ( . . . . .  ). 

Fig. 3. Difference spectra under  anaerobic conditions. Each  Thunberg  cuvette contained phosphate  
buffer (pH 7.4), 600 /*moles; MgC12, 12 /,moles; glucose 6-phosphate,  IO /,moles; NADP, 0.6 
/,mole; glucose-6-phosphate dehydrogenase, IO I.U.; yeast  enzyme, 4.5 uni t s  (Fraction III) in 
3 ml. Solid Na2SO 3 was in the sidearm of the sample cuvette. After a rigorous evacuation of the 
Thunberg  cuvettes  a base line was recorded. The reaction was s tar ted by  mixing sulphite into the 
enzyme solution and difference spectra were recorded at  intervals of 2 rain ( ); IO rain 
( . . . . .  ); and 20 min ( . . . . .  ). After 3 ° min the enzyme in the sample cuvet te  was completely 
reduced with Na2S~O 4 ( O - - © ) .  

When the enzyme in both the cuvettes was reduced with Na2S20 4 and then CO 
was bubbled through the sample cuvette, the 428-mff peak shifted to 416, the 558- and 
589-m ff peaks were eliminated, and the trough at 458 mff shifted to 432 mff (Fig. 2). 
This spectrum is characteristic of cytochrome o as observed by CHANCE and coll.2S, 29 
and others3°, 31 in microorganisms. 

Difference spectra (Fig. 3) were obtained on adding solid sodium sulphite 
(about 5 mg) from sidearm into the Thunberg cuvette containing NADPH-generating 
system, MgC12, phosphate buffer (pH 7-4) and the enzyme. A trough around 45 ° mff 
appeared within I rain, followed by the gradual appearance of a Soret peak at 
426 mr .  A decrease in the trough at 450 m# was paralleled by an increase in 
the Soret peak at 426 m r ,  suggesting that  the haem component was accepting 
electrons from the reduced flavin in the normal course of sulphite reduction. Subse- 
quently two small peaks developed in the vicinities of 558 and 589 raft. The addition 
of Na2S20 * to the sample cuvette after a 3o-min incubation reduced both the flavin 
and the haem components completely. 

Experiments with mass spectrometer and Na235S03 
Gaseous sulphur compounds, e.g. SO2, SO or $20 , were not detected, in the 

mass spectrometer, during the enzymic reduction of sulphite. 
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The peak, which was oxidised by iodine, observed in the middle of the electr(~- 
phoretogram (Fig. 4) after 5, IO and 15 min incubation was identified as free sulphide, 
by the use of a Na235S marker. 

20min incubation CountslmlnJ 

15m!n incubation 

1 AI A 
1Omin incubation 

5rain ~ncubation 4ooo 

Origin 35SO 3 Control ~J 
i ,/~'Unlabelled S 2 0 3 [l,o.~ l I 

® 4 16 J I I 
Distance(cm ~ 24 28 3 54@ 

Fig. 4- Elec t ropbore tograms of the reaction products  of [aSSjsulphite reduction. Reaction mixture  
and exper imental  conditions are described in METHODS. Radioact ivi ty  was counted in a Packard 
Tri-carb Spect rophotometer  (Model 3375). A small crystal  of iodine dissolved in the duplicate 
sample after io nfin incubation,  prior to electrophoresis ( -). 

DISCUSSION 

The stoichiometry of the enzymic reduction of sulphite can be written as 
follows : 

3 NADPH2 q- SOa2- ~ 3 NADP+ + $2- + 3 H20 

Thus 3 moles NADPH 2 are oxidized per mole S 2 produced as observed also by 
ELLIS a2 in E. coli. This is equivalent to the utilization of 6 moles of reduced methvI 
viologen by sulphite reductases prepared from spinach H and AspergilluslL 

There has been, thus far, no experimental evidence for the formation of free 
intermediates during the enzymic reduction of sulphite. However, there are suggestions 
based on the transfer of the sulphonyl group of 3'-phosphoryl-5'-adenosinophospho- 
sulphate (PAPS) to a thiol group of a protein, that all intermediates between SO:~ e-- 
and S 2- are bound to proteins aa. On the other hand, ALEXAN])ER ~4 postulated a 
mechanism for H~S formation from sulphate, which involves the stepwise reduction 
via sulphite, sulphoxylate (H2SO,a) and sulphur hydrate (H4SO2); while IVERSOX a~ 
has recently reported that disulphur monoxide ($20) gas is formed by Desulphovibrio 
desulphuricans. 

In our experiments using the mass spectrometer and tracer techniques with 
~asSlsulphite, no free intermediates were detected during the enzymic reduction of 
sulphite in yeast. These results are supported by our observed stoichiometrv of 
SO:~ 2 /S 2 I : I as well as by the data of ELLIS 36 with intact cells of E. coli. 

Inhibition of enzyme activity by chelating agents indicate that there may be 
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an iron component in the system. Similarly, KIKUCHI observed that  the production 
of H2S in yeast cells was depressed either by iron inhibitors 3~ or by iron deficiency ~. 

The CO inhibition of the enzyme which is light reversible indicates that  the 
iron component is likely to be a haem protein and its participation in enzyme action 
was further confirmed by the SO3-difference spectrum (Fig. 3). 

Sulphite reductase is also dependent on flavin for its activity, since the addition 
of riboflavin, FMN or FAD stimulated the reaction whereas flavin inhibitors depressed 
it. MAGER 1 has also reported a similar effect of FAD in the E. coli enzyme. The 
difference spectra with dithionite or sulphite also confirm that  flavin acts as an 
electron carrier during enzyme action. A similar conclusion was made by  others for 
the enzyme from yeast 19 and E. col# 2. 

Since the results reported herein suggest the participation of a flavin component 
as well as a haem compound, we conclude that  the yeast sulphite reductase is a 
haemoflavoprotein. The haem component is likely to be cytochrome o (refs. 28-3I), 
based on the characteristic CO-difference spectrum for the Na~S204-reduced enzyme. 

By contrast, although the reduced methyl viologen-linked sulphite reductase 
from spinach is a haemprotein 1~, it did not contain flavin nor did it utilize NADPH. 
This observation, together with the fact that  the NADPH-linked sulphite reductases 
from yeast 19,22 and E. coli 12 contain flavin and utilize either NADPH or reduced 
methyl viologen as an electron donor~, ~°, suggests that  (a) the bacterial enzyme is 
composed of two protein moieties12, ~°, viz. NADPH-coupling and reduced methyl  
viologen sulphite reducing system; and (b) the reduced methyl  viologen-sulphite 
reductases from Aspergillus u and spinach 15 are similar to the bacterial counterpart. 
According to this interpretation, it is the NADPH-coupling protein moiety which 
contains the flavin. Further, when SO32- and enzyme were pre-mixed, CO did not 
inifibit the reduced methyl  viologen -15 and NADPH-linked sulphite reductase 
activities. This type of sulphite protection against the binding of CO, suggests that  
CO and SO32- bind to the same site. Since a PCMB inhibition (which was not reversed 
by GSH) was also observed after the enzyme was first reduced with reduced methyl 
viologen ~4 and since this inhibition was prevented by sulphite, it is likely that  the 
binding site is a thiol in the haemprotein. Such protein-bound S-sulphonyl compounds 
are not uncommon during sulphate reduction; e.g. the bound sulphite, inter- 
mediate in PAPS-reduction, liberates inorganic sulphite to a protein disulphide ac- 
ceptor to form an S-sulphonyl derivative 3~. 

In addition to this, the flavoprotein moiety of NADPH-linked sulphite reductase 
apparently contains another protein disulphide, which accepts the reducing power 
directly from NADPH. This view is supported by our experiments wherein, (a) 
NADPH-oxidation, the first step in enzymic sulphite reduction, was inhibited by 
PCMB; and this inhibition was not prevented by  the presence of SO~ 2-, (b) the 
PCMB inhibition was reversed by GSH and (c) the inhibition was observed within 
io sec (mixing time) after finally starting the reduction reaction by adding either 
S Q  2-, NADPH or enzyme to the remainder of the reaction mixture. Moreover during 
the normal course of sulphite reduction (Fig. 3) a definite interval was observed 
between the reduction of flavin and haem components of the enzyme system (5 ° sec 
and IOO sec respectively) after starting the reaction. 

In addition to these observations, it has been shown that  the yeast enzyme 
has a diaphorase activity when NADPH (but not reduced methyl  viologen) was the 
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electron donor, and this activity was also inhibited by PCMB 2°. Thus it seems that 
the NADPH-coupling moiety which appears to be a flavoprotein, contains another 
disulphide bond in addition to the one in the haemprotein moiety. Accordingly, a 
tentative model for the electron transfer sequence in yeast sulphite reduetase is given 
in Fig. 5- The direct participation of protein disulphide and thiol groups in a re&)x 
reaction, as shown in the model, has also been observed in several other cases, e.Z'. 
Fraction C protein in the reduction of PAPSa3,~9, 4°, the enzyme system for the 
reduction of methionine sulphoxide "il, thioredoxin in the reduction of ribonuch.t,- 
tides 42Aa, glutathione reductasO4 46, lipoyl_dehydrogenase4V-4~ and Fraction P.  
protein in the decarboxylation of glycine ~°. 

Oxidized Reduced Oxidized Reduced 
DCI]P DCIP methyl methyl 

12,20 viologen viologcn 

(A) (B) (D) 
i ~ ~ SH 

N A D ] ~ H ~  Disull)hide ', Hcducedflavin F ..... I '1 

Flavopl'otein moiety H • ")rein ~o" tv 
II a~ m,, I i t n l~ 

I I I • ' ~ I 

I I c C I 1 S 

Approximate time takell~ -~ 10 Sec* ~ 50 see ~ aboul 100 sec 
for the reduction of J (SO~- differe c~, ISO~- difference 
these components spe :t - ~)* spect - ] 

Fig. 5. A tenta t ive  model for the electron t ransfer  sequence in yeast  sulphite reductase:  (A) 
GSH-reversed PCMB inhibition* (not prevented by SOa2 ). (B) Mepacrine inhibition reversed 1)v 
flavin*. (C) Inhibi t ion by KCN (ref. 20) and iron inhibitors*. NCN inhibition not  due to its 
reaction wi th  earbonyl groups 14. (D) PCMB inhibit ion (not reversed by GSH) offset by preincu- 
ba t ing  enzyme with  reduced methyl  viologen (inhibition prevented by S()a 2 )11,1415. 

* Results  reported in this paper;  and ill refs. 12-15 and 2o cited. 
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