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S H O R T  C O M M U N I C A T I O N S  

BIOCHIMICA I-T BI()I'HYSICA ACTA 

t~BA 03492 

I m m u n o e h e m i e a l  s tudies  on t h e  in terre la t ionsh ips  b e t w e e n  sulf ite  reductase  
and other NADPH- l inked  reductase activities of Escherichia coli and Salmo- 
nella typhimurium 

111 previous inves t igat ions  ~ -s consideraMe evidence has been adduced  to sh~,w 
tha t  the N A D P H - l i n k e d  sulfite reductase  (HaS :NADP oxidoreductase ,  EC 1.8.1.2) of 
Eschcrichia colt and .qalmonella lyphimurium ix also capable  t~f ca ta lyz ing  the re- 
duct ion of hyd roxy lamine  and ni tr i te .  The 3 reductase  act ivi t ies ,  as measured in cell- 
free ext rac ts ,  have been shown to be re la ted to each other  by  a cons tan t  numerical  
ra t io  th roughout  different stagey of purif ication,  to be coord ina te ly  enhanced or 
represse.d in cells grown in the presence of serine or cysteine., respect ively,  and to be 
compet i t ive ly  inhibi ted each by the a l t e rna te  subs t ra tes  as well as bv cyanide  and 
a tseni te  ~ ;. Fur thcr inore ,  genetic analysis  has revealed tha t  the fl~rlnation ~)f the 
N A D P H - l i n k e d  sulfite reductase  with t r iple  subs t ra te  specificity is governed by  ~) 
cistrons,  4 of which are also ins t rumenta l  in control l ing the ab i l i ty  t(, ca ta lyze  the 
N A l ) P H - d e p e n d e n t  reduct ion of F-kD and cy tochrome c which is co-repressed b \  
cysteinc 7,~. Thu~, mu tan t s  blocked in cistrons Ba, Bt), lee and .l were unable to glt,w 
,)n sulfite as the s , l e  source of sulfur ;rod were deficient in all the abt~xe-menti~med 
reductase  act ivi t ies .  In contras t ,  mu tan t s  blocked in cistrtms (; or I w e r e  incapal)h'  
of reducing sultite, h y d r o x y l a m m e  and ni t r i te  but  possessed an unimpai red  capac i ty  
fl,r reduct ion of FAD and cv tochrome c. I t  was inferred from the l a t t e r  t indings tha t  
the sulfite reductase  sys tem involves ;it least 2 separa te  components ,  tree o f  which 
is shared by  the CVtochrome c reductase  7. The essential  va l id i ty  (,f this in te rpre ta t ion  
seelllS to be [)t~lnc out anti c . r robt~rated by tilt. results  of the p r e s e n t  stud\ ' .  

The bltcterial s t ra ins  of E. coli B and N. tvphimltri~tm were grown with c~m- 
tinu(ms shaking at 37" in the s t andard  medium of the folh~wing comt)ositicm: o.2". 
(NHa).,S()i, o.2~£, KH,,P04, o.3°0 Na . ,HP( ) t - I2 t I20 ,  o.o27~, MgS()4.7II2(), o .o~i ' J ,  
( 'aCle.2H.,() , o.2¢); glucose and o.3¢Ii) DI:serine;  final pH 7.4. The mu tan t  s t ra in  ¢~f 
E. coh 1¢ lacking sulfite reductasc  way grown in the same medium but  supplemented  
with I mM N a z S .  l'¢,r repression of sulfite reductase  format ion in E. colt B, H.-serine 
in the mediunl  was replaced I) 3" o. 3 mM L-cysteine. 

The cells harves ted  in the late logar i thmic  phase were washed with o.9')~, NaCI 
soluti~,n, suspended in cold 5 ° mM potass ium i)hosphate buffer (pH 7.4) t o  a COllCOn- 
t ra t ion  of 2o?o (wet wt.) and io-ml  por t ions  of tim suspension were mixed with :m 
equal weight . f  glass beads (d, 0.I2 ram). All the subsequent  . p e r a t i o n s  were carried 
out m the cold. Disrupt ion , f  the cells was effected by shaking the. mixture  fi~r 20 svc 
in a refr igerated Nossal osci l lator  and the resul tant  cell-free ex t rac t  was separa ted  
by centr i fugat ion at 2o ooo × g. l:t,llowing dial \ ' s is  agains t  5 m.M phospha te  buffer 
(pl I 7.4), the bulk of lhe nucleic acids was removed by prec ip i ta t ion  with s t r ep tomyc in  
sulfate at a final concentra t ion  t~l o.tl~l£,, and the Sul)ernatant  was subjected t,~ 
(NH4).,S() 4 f rac t iona t i -n .  "File fraction t)ret ' ipi tated between 35% and 5()cI,, (NH4)2S()s 
s a t u r a t i , n  (fraction I) was d iah 'zed  and dissolved in o.oI .XI phospha te  buffer (pH 
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7.5); it showed an about  5-fl~ld increase in the specific ac t iv i ty  of  sulfite reductase 
over  that  of the crude extract .  The fraction I solution was brought  to IO')o (Nt-I,)~SO 4 
saturat ion and was further  purified by t r ea tmen t  with acetone at  - - I 2  °. The precipi- 
ta te  fl~rmed on raising the acetone concentrat ion from 40% to 5o% (v/v) (fraction II)  
was c<~llected. The specific ac t iv i ty  of sulfite reductase at this s tage of purification 
was about  ~o-flJld higher than that  of the crude extract .  Fract ion I I  dissolved in 
0.o 5 M t)hosphate buffer (pit  8) was adsorbed on calciunl t>hosphate gel (I. 7 mg dry 
wt.,,lng protein) and was then eluted with o.2 M potassium phosphate  buffer at pH 7 
(fraction I I I ) .  The overall procedure resulted in a more than Ioo-fl~ld purification 
of the sulfite reductasc. The enzwnic assay procedures used were essentially silnilar 
to those described by KATHY el al. 5. 

The ant isera were produced in rabbi ts  by 6 sui tably spaced injections of the 
part ial ly purified ext rac ts  (fraction i) from the different bacterial  s trains sut)ple- 
mented with l ' reund 's  ad juvan t  (Difco). 

When a puritied enzyme prepara t ion (fraction I l I) of E. colt B or S. lvphimurium 
was mixed with homologous antiseruln, an inhibition of the different reductase ac- 
tivities took place. At a given level of ant iserum, the extent  of reductase inhibiti~m 
proved to be vir tual ly the same with either sulfite, hydroxylamine  or nitrite used as 
electron acceptors.  Contrast ing with this parallel response, the inhibi tory effect of 
the ant iserum on the abil i ty to reduce FAD and cy tochrome c was much less pr,,- 
nounced. Thus, an alnount  of  an t i serum which gave rise to a 9o°~) inhibition of the 
sulfite reductase,  produced only a 4O0o drop in the rates of FAD and cy tochrome c 
reduction catalyzed by  the same cell-free extracts .  The speci tMty of the ant iserum 
action was a t tes ted to by the observat ion tha t  the NADPH- l inked  reductases showed 
no inhibiti(m with norlnal rabbi t  serum or ant iserum produced against  an ext rac t  
from E. colt B cells in which the forination of sulfite reductase and cy tochrome c 
reductase activit ies had been completely  repressed by growth in the presence of 
cvsteine ~. 

lm,nunoelect rophoret ic  analysis of a part ial ly purified prepara t ion of sulfite 
reductase (fraction 1 I) from E. colt B with homologous ant iserum revealed 4 5 distinct 
precipi tat ion arcs (lrig. IA), whereas the more highly purified preparat ion (fraction 
I I l )  yielded with the same serum 3 arcs only (Fig. 3B). At least two of the arcs 
(including the one marked  by  an arrow in Fig. rA) were missing, when the same 
enzyme pre.paration was tested with an ant iserum produced against  an ext rac t  from 

Fig. r. Immunoe l ec t ropho re s i s  of  a par t ia l ly  purified sulfite reduc tasc  p repara t ion  o f  E. coh B.  
The  e n z y m e  prepara t ion  (fraction l l)  was placed in the  centra l  (antigen) well. Upper  t rough  (A) : 
homologous  a n t i s e r u m  produced aga ins t  f ract ion l o f  ti. colt B grown in the  s t anda rd  med ium.  
Lower t rough  (B) : a n t i s e r u m  aga ins t  f ract ion I I of  the  same  s t ra ta ,  bu t  cells grown in the  presence 
of  cysteine.  The  e lect rophores is  was carried out  in agar  gel buffervd with barbi tal  a t  pH 8.~ us ing 
the  conven t iona l  nl icroprocedure  9. 
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FiR. z. I m m u n o t d e c t r o p h o r e t i c  ;malysis  of  purilie(l ex t r ac t s  ( f ract ion II)  of S. l y p h t m u r t u m  and  
a su l f ide- requi r ing  m u t a n t  o f  1-. c¢,li 1 ~, lacking sulfi te r cduc ta se  ac t iv i ty .  "l'op well (A): S'. tI'/,hi- 
m u r z u m  ex t rac t ,  l~ottoln well ',I~,} : I-. co/~-inutant  ex t rac t .  The  cen t ra l  t r o u g h  con ta ined  a n t i s e r u m  
p roduced  a~a ins t  an ex t r ac t  {fraction 11 of  1:'. ~,~l~ 1 ~, wihl type .  ( ) thc rwise  cond i t ions  were as in 
Fi .v . I .  

cysteine-repressed cultures of E. coli B (Fig. I B). The characteristic precipitati()n ar( 
failed to appear also when antiserum produced against the E. coh B wild-type strain 
was allowed to interact with cell-free extracts  from a sulfide-requiring mutan t  strain 
()f F.. coli B which was unable t() utilize sulfate ()r sultite fi)r the bi()svnthesis (>f 
cysteine (see Fig. 2B). The mutant-s t ra in  extracts  c()ntained negligibly h)w titers (,f 
sulfite reductase but showed n()rmal levels ()f cytochrome c reductase and FAI) 
reductase. On the other hand, purified extracts  from a revertant  derived fr()m the 
mutant  strain which had regained normal sulfite reductase activity, yielded an im- 
munoelectrophoretic pat tern which was indistinguishabh', from that  exhibited by the 
c()ngeneri(" wild-type strain preparations. Furthermore,  as shown in Fig. 2, the im- 
munoelectroph()retic pat tern ()f a sulfite reductase preparation (fracti(m II) from 5. 
lvphimurium with antiserum against E. coli B, shared at least 4 l>recip itati()n arcs 
with the c()rresp()nding E. coli B preparation. The cr(,ss-antigenicity of the extracts  
(lerived fr()m the tw() kindred organisms was also reflected in the mutual inhibiti(m 
()f their sulfite reductases produced by the respective antisera. 

The existence ()f a re('()gnizable sulfite reductase specific arc was demonstra ted 
in a more direct manner by using a "spe('ific" antiserum (pr()duced against the wild- 
type E. coli B extract) from which antibodies, other than those dire('ted against the 
sulfite reductase antigen, had been eliminated by t)recipitation with an extract  derived 

Fig. 3. lmmunoe lec t rop l ao re t i c  p a t t e r n s  of  a puri t ied sulfi tc r educ t a sc  p r e p a r a t i o n  of  1:. colz I~ 
ob t a ined  wi th  u n t r e a t e d  and  "specitic ant i sera .  Centra l  well: e n z y m e  p r e p a r a t i o n  (fract ion I11}. 
l . 'pper t r o u g h  (A) : an t i s ( : rum p roduced  aga ins t  the  wi ld - type  F. coli 15 ex t rac t ,  rendered  specilic 
for sulfite r educ ta se  I)y pr ior  p rec ip i t a t ion  wi th  an  ex t r ac t  ( f ract ion 1) f rom the  su l t iderequi r ing  
m u t a n t  devoid ()f sulfi te redt ,ctase.  L o w e r  t r o u g h  (B) : a n t i s e r u m  p roduced  aga ins t  the  wi ld - type  
I-. o , l i  1 ~, ex t r ac t  ( f ract ion 1). un t r ea t ed .  
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from the nmtant lacking sulfite reductase activity or from a cysteine-repressed 
culture of the wild-type strain. As shown in Fig. 3A, the serum so treated reacted 
with the puritied enzyme preparation (fraction 1II) of E. coli B to yield a single 
inmmnoprecipitation arc which apt)eared to be identical to one of the 3 arcs (proximal 
to the antigen well) formed by the untre.ated antiserum with the same enzyme prepa- 
ration (Fig. 3B). No precipitation line was obtained when the sulfite reductase specific 
antiserum was tested against an extract from cysteine-repressed E. coli 13 cells with 
no detectable sulfite reductase activity, or when the antiserum employed had been 
deprived ~f the antibodies by precipitation with a purified preparation of sulfite 
reductase. 

It may be concluded, therefore, that the present data provide evidence for 
the existence of an antigenic entity, specifically associated with the NADPH-linked 
reductase mediating the reduction of sulfite, hydroxylamine and nitrite and ap- 
parently unrelated to the cytochrome c and FAD reductase activities. The question, 
however, of whether these genetically interrelated activities are inherent in separate 
molecular species, or represent different and discrete moieties (subunits) ~f a compos- 
ite protein m o l e c u l e  cannot vet be answered conclusiveh. 
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