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The structural gene of the ferredoxin:sulphite reductase (EC 1.8.7.1) from the cyanobacterium Synechococcus PCC7942 
(formerly 'Anacystis nidulans') was cloned and sequenced. The gene termed 'sir' was detected by heterologous Southern 
hybridisation with the structural gene cysI from Escherichia coli encoding the iron-sulphur haemoprotein of the NADPH : sulphite 
reductase. The open reading frame is comprised of 1875 bp encoding for a polypeptide of M r 70.028. The deduced amino acid 
sequence is 35.6% identical with the enterobacterial iron-sulphur haemoprotein. This putative fd-dependent sulphite reductase is 
only distantly related to the fd-dependent nitrite reductase (binary matching coefficient SAB: 0.23) or with the NADPH-sulphite 
reductase (SAB: 0.32). Highly conserved residues are found within the two Cys clusters forming the reactive FeaSa-sirohaem 
centre of the enzyme. Expression of the sir gene using a fusion vector gave a single gene product which is immunologically 
related with the fd-sulphite reductase from the wild-type bacterium. 

In plants or cyanobacteria, the reduction of sulphite 
to sulphide is catalysed by a ferredoxin-dependent  sul- 
phite reductase (EC 1.8.7.1 [20]): 

SO3 2- +6 Fdre d +H + ~ HS- +6 Fdox +3 H20 

Like NADPH-dependen t  sulphite reductases (EC 
1.8.2.1) from non-photosynthetic organisms, the en- 
zyme contains a sirohaem and a tetrameric (Fe4S 4) 
iron-sulphur cluster as prosthetic groups [13,16]. The 
iron-sulphur haemoprote in  already suffices for cataly- 
sis, yet the NADP H-dependen t  sulphite reductases 
from enterobacter ia  are hetero-polymeric proteins con- 
taining additional flavoproteins. The FAD and FMN 
groups of these flavoprotein subunits are required for 
the transfer of electrons from N A D P H  to the iron- 
sulphur haemoprotein.  This heteropolymeric type of 
enzyme is not yet observed to occur in plants or cyano- 
bacteria, but the fd-dependent  sulphite reductase. Its 
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structure appears  less complicated, consisting of a 
monomeric  iron-sulphur haemoprotein  only - although 
homo-polymers may be formed, depending on the ionic 
strength [1]. 

Elucidation of the structural genes encoding sul- 
phite reductase from enterobacteria  has considerably 
increased our knowledge about the structure and func- 
tion of this polypeptide [17]. Yet, sulphite reductases 
occur also in sulphate dissimilating and sulphide oxidis- 
ing bacteria [4]. Their  wide distribution raises the ques- 
tion as to whether  these different enzymes all have the 
same phylogenetic origin. 

I f  such a genetic link between the different sulphite 
reductases does exist because the proteins are indeed 
originated from a common ancestral polypeptide, the 
structural genes encoding these proteins might also be 
highly homologous. In view of the rather unique bio- 
chemistry of the sulphite reductases, one would expect 
a conservation of the functional domain(s). This specu- 
lation was supported most recently by the finding that 
genomic D N A  from sulphur bacteria, blue-green algae 
or higher plants gave distinct and specific signals when 
the corresponding structural genes from E. coli were 
used as probes [7]. Since the D N A  probe cysI is 
specific for the gene encoding the haemprotein of  the 
sulphite reductase, these signals were interpreted as 



heterologous DNA-hybrids of gene structures possibly 
related to the corresponding sulphite reductase genes. 
As detailed in this short report, we isolated and cloned 
a putative ferredoxin sulphite reductase gene from the 
photoautotrophic cyanobacterium Synechococcus using 
the structural gene of the E. coli haemoprotein as 
DNA probe. The identity of the cloned gene as the 
structural gene of the ferredoxin sulphite reductase 
was deduced from the similarity of the primary struc- 
tures (DNA and amino acid sequence), and from the 
immunological cross-reactivity of gene product with 
sulphite reductase from Synechococcus. 

The heterologous probe from E. coli used for 
Southern [22] hybridisation was isolated as a 1092 bp 
EcoRI/MluI fragment from the plasmid pCH10 [12]. 
This probe contained 702 bp of the 3' end of gene cysI 
(encoding for 233 amino acid residues of the C-terminus 
of the haemoprotein), 13 bp of the intergenic region 
between cysH and cysI, and 377 bp of the pBR322 
cloning vector. The fragment was useful as probe to 
detect by Southern hybridisation a 1.7 kb BamHI re- 
striction fragment from Synechococcus genomic DNA 
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under conditions of moderate stringency as outlined in 
Ref. 7. In order to isolate and identify this homologous 
DNA fragment from Synechococcus, a partial library in 
pBluescriptlI KS + was constructed from DNA frac- 
tionated by size [7,15]. The 1.7 kb DNA fragment 
hybridising with the cysI probe was found in the plas- 
mid pGGAN1. Its identity as a putative sulphite reduc- 
tase gene was concluded from DNA sequence homol- 
ogy with cysI. A 0.5 kb BarnHI/SalI subfragment 
obtained from pGGAN1 was then used to detect full 
length clones from a representative library. The plas- 
mid pGGAN2 selected by this procedure was se- 
quenced by the chain termination method [19] using 46 
clones with unidirectional deletions according to Ref. 8 
which were constructed to cover both strands of the 
putative open reading frame. 

The pTac [23] plasmid (Boehringer, Mannheim) was 
used for expression of sir as a putative fd:sulphite-re- 
ductase. The correct orientation was obtained by the 
use of a PCR product (499 nt constructed as to enable 
the ligation of the first 24 nt (from the ATG to the 
HindlII restriction site at nt 324) into the SmaI site of 

c tgcca t  tgcgcgatcgcagcggct  acaaaagaagcagggagt t c t  t cggt t ccgact  t c 

61 t agtagaaaggccggcatagagcagcaata  gcgcgaacagac aacct  ca t  cagt c t  accg 

121 cgcaccc t t  tccccc acct  c t gact  ccat  t t cct  aaagac t t  t tgggcgatcgcggggtg 

181 t g g a t c c a t  cgaaaagt  gt  t acaataaacaccgaaat  ccacagagact  t accggt c t  tgg 

241 a t t  t g t c t c a c t g c c  aagcca t tg t c tggggcag tgc t  t t  t c t  t t t c t  ggacag.sgaaca 

301 ATG TC6CCGACTGCrGCACCCCAAAA6C TT TCTAAAGTTGAAGACCTCAAGGCACOCAGT 
M S P T A A P Q K L S K V E D L K A R S 

361 CAGTACCTG CTC~GCCG ATrCTAAGCCAGCTCCAG GAAGAGTCG ACTCAC TVrAA'R3AA 
Q Y L L E P I k S O L O E 1~ S T H F N E 

421 GACGGG ATC CAGATCCTTAA A TTC CACC-GTTCCTATCAGCAAGACAAC CG C GACAAC CGC 
D G 1 0  I L K F H G S Y Q Q D N R D N R 

4al GTCAAG GGG CAG GAAAAA 6AC TTTCAGTTC AT6CTG CGC CTGCGCAGTCCCC£,CGC-C TAC 
V K G Q E K D F O F P4 L R L R S P G G Y 

s41 ATTCCGCCACAGCTC TATCTC ACC C~GATCAACT6 C-CC GATGACTATGG CAACGGCACC 
I P P Q L Y L T L D Q L A D D Y G N G T 

6or CTC-CGAGCA A CG ACGCGC CAAGCC TTTCAG T TG CACGGTA TTCTC AAG CGCGACCTGAAA 
L R A T T R O A F Q L H G I L K R D L K 

6~1 ACG GTGATC C GTCGGATTGTC GAAAACCTG GGCTCGACGATCTCC C, CTTGCGGCGATGTC 
T V I R R I V E N L G S T I S A C G D V 

72~ AATCGCAAC GTCATC~ACC G CCA GCACCC TTCCGC GATC6CCCG GAATATGAGTC, GGCG 
N R N V P4 A P P A P F R D R P E Y E W A 

781 CGC ACCTACGCTAACAAC ATT GCTGACTrG CTGACG CCGGAGTCTGGCGC CTATTACGAA 

R T Y A N N I A D L L T P E S G A Y Y E 

a41 CTCTGGCTG GATGGTGAAAAAGTCCTGAGTGGT GAA C CGGAT CCA GCG GTACTAGCA GCC 
k W" k D G E K V k S G E P O P A V L A A 

¢~oI CC-C CGCAATC CT AAA GC-CCG TGTAGCC GAT TCT C, TC 6AAC CG CTCTACAG C GATCGC TAT 
R R N P K G R V A D S V E P L Y S O R Y 

Q61 CTG CCGCGCAAA TTC AAGATTGCGGTCACG GTTCCC GGCGAC AAC TCAATTBACCTG TTC 
L P R K F K I A V T V P G D N S 1 D L F 

1o21 ACCCAGGAC A TTGGC TTAGTC GTGATTGGC AAT6AT CGCGGC GAA CTAGAGGGTTTC AAC 
T O D I G L V V I 6 N D R 6 E L E G F N 

lOS1 GTCTAC6TC 6 GTC-GCC,43C ATGGGTCGCACC CACAAC AAA GAGGAA ACC TTTGCGCGG CTA 
V Y V G G G bt G R T H N K E E T F A R L 

1141 GCG GATCCC C TC GC, CTTTGT G CCTGCAGCT GATATC TATGCTGCTGTGCAGGCGATCGTG 
A D P L G F V P A A D I Y A A V Q A 1 V 

t2ol 6CG ACCCAG C6G GACTACGGC GATCGCAGCAACCGTCC-CC ATGCCCC,-CATGAAGTACCTG 
A T O R D Y G D R S N R R H A R M K Y L 

12eL ATCCACGATTGGGGCATCGC C AAA TTTAAA C, AAGCT6TCGAATCCGTTTrCGGTAAA(;CG 
I H D W G I A K F K E A V E S V F 6 K A 

1321 ATCGCCCCrfiTC, CGCGAACTGCCGCCC Trc CC~TATCGCGAC TATCTC C-6CI'fi~ATfiAG 
I A P V R E L P P F R Y R D Y L G W H E 

1381 CAGGGCGAT G GCAA6 TGGTT CTTG C,-GT CTA CCGATCACCA GT C-C-CCGGAT TAAAGATGAC 
Q G D G K W F L G L P I T S G R [ K D D 

t441 GGTAATTGGCAACTGCGATCGGCTTTG CGG 6AGATCGTCAGC CG'['I~CAACTACCGCTG 
G N W Q L R S A L R E I V S R W Q L P L 

1sol TTSCTGACC GGCAGCCAA GACGTC TrGATC TACGATGI"rc AGCCTSGC GA TCGCGCTGCG 
L L T G S Q D V L I Y D V O P G D R A A 

ls,~l ATTGATAAAC TC CTC CGC GATCC, C GGAGTTCATACG GTr 6AGGCG ATC GACTCCCTGCAG 
I D K L L R D R G V H T V E A I D S L 0 

t62~ CGC TACGC6A TG GCCTGC CC TC,-CCTTGCCA ACCTC-CGGTC TC~GATTACC,-GAATCG GAG 
R Y A 1'4 A C P A L P T C G L A I T E S E 

16Sl CGA6CCTTGC CG C~CTATTGGTGCGGATC CGTCGCCTC C TCE~GAC£.AAGGGTTGCCC 
R A L P G L L V R I R R L L E E O G L P 

t741 GATGAGCATTTCGTGGTGCGGATGACTGGTTGTCCCAATGGTTGT6CTCGTCCCTACATG 
D E H F V V R M T G C P N G C A R P Y M 

IBOl GCGGAACTGGCC TTTGTGGG TAGTGCACCG AATACC TAC C AGCTC TGGCTA6C£,C~TCG 
A E L A F V G S A P N T Y O L W L G G S 

IS61 CCA GATCAAACC CGCT~GC T CGACCCTTC ATC GATCGC TTAGCGGATC-G CGATGTA GAA 
P D Q T R L A R P F I D R L A O G D V E 

1<~21 ACCCAACTA C GACCGCTGTI'TGTC TTC TTC AAA CAGAGTC GGCAAGCGGGCGAA AGT'IT]" 
T O L R P L F V F F K O S R Q A G E S F 

t981 GGTGATTTC TGCGATCGCGTCGGCTTC GAC GCC CTG CGTCAGTTTAGTGAAAGC TACCAG 
G D F C D R V G F D A L R Q F S E S Y Q 

2041 CACGAAGCAGCCAAACCCGGCTATCGGGTAGGTCTACGGGCGGATGTGCACGGTCGTCTG 
H E A A K P G Y R V G L R A D V H G R L 

210~ AAAGCCGAAGCCGACAAACGTCiGCGTCTCGCTGACTGACCTGGCCTGTGAGOCGATCGCC 
K A E A D K R G V S L T D L A C E A I A 

2let GCC TACCTG CGCTAAgtgcggct caaccgc cgctggcgct atggcct agggctgt cgact 
A Y L R *** 

2221 c tg  t t c arc  g t  t c t  tgg t  gt  acagggt tggcagcaa'cggc agcaacgt cgctgggcagac 

22al act  ctgggg a t  t accgccgcacct  t tgccg agcgat cgcc t agtg acg t t  ggccgactgg 

234] cagcgccgcc t t gat  ccct  t gcggt tg  acgccgcgccagc agcaacaat  t ggagcct  t t g  

24Ol c tg  a t  c agct  tgcagcggct  gcgggt ct  ca gtggaact  cgaagccgaccc ccacgat  cgc 

2451 t a t  gctggg c t g t g g t t a c c a a g t c a g c g g c a g a t t  cgcc tcaa t  c c t c g c t t g c t g c g a  

252I tcg  cct  t ccgc t  t t ac tgcaaagcc tcagt  cacgagagt g t t c a t g t a g c t c a a a g c t g t  

Fig.  1. S t ruc tu re  o f  the  f e r r edox in  : s u l p h i t e  r e d u c t a s e  g e n e - n u c l e o t i d e  s e q u e n c e  and  a m i n o  acid s e q u e n c e  d e d u c e d  f r o m  the D N A  o f  the  g e n e  

e n c o d i n g  the  f d - d e p e n d e n t  su lph i t e  r educ t a se .  C o d i n g  s e q u e n c e  is n u m b e r e d  f r o m  nt 301 to 2175, the  pu t a t i ve  r i b o s o m e  b ind ing  site is 

u n d e r l i n e d  at nt 294 to 297. 
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the vector. The missing part of the gene was then 
excised by HindlII from pMal-Sir (for the 1.8 kb frag- 
ment) or from pGGAN3 (for the 8.5 kb fragment). 

pBcysG was constructed from a 1.6 kb PvuI/DraI 
fragment of the gene cysG from S. typhimurium cloned 
in pJYW609. The fragment was subcloned in the ScaI 
site of pBR322 to give pBcysG, which could be propa- 
gated in E. coli TG1. 

For expression and purification of a sir gene prod- 
uct a fusion gene vector was used (pMal-c2, New 
England Biolabs). The putative 'sir'-gene (nt 301-2214) 
was ligated into the XmnI /Sa l I  restriction site and 
expressed in E. coli TG1. The fusion protein consists 
of the malE gene product fused to the sir gene prod- 
uct. This fusion protein was isolated by chromatog- 
raphy on DEAE-Sepharose, Superose 12 and affinity 
chromatography on a maltose matrix from IPTG-in- 
duced (1 mM) bacteria. The Sir polypeptide then is 
recovered from the fusion protein after treatment with 
factor Xa proteinase which specifically cleaves the fu- 
sion protein at the IEGR amino acid sequence separat- 
ing MalE from the Sir gene product. Electrophoreti- 
cally pure Sir polypeptide was used for the production 
of polyclonal antibodies [5] and Western immuno- 
blotting was done by established procedures [25]. 

A large open reading frame (Fig. 1) extending over 
1875 nt was found in the Synechococcus DNA frag- 
ment cloned in pGGAN2. The acronym 'sir' was given 
to the open reading frame tentatively identified as the 
structural gene of the ferredoxin sulphite reductase. 
The DNA with the sir gene was not contiguous to the 
par gene [15] from the same strain of Synechococcus; 
hence, sulphite reductase and PAPS-reductase genes 
do not form a cysJIH-like operon as the enterobacteria 
[17]. When compared on the basis of nucleotides, it is 
49.5% identical with the sulphite reductase structural 
gene cysI from E. coli encoding the iron-sulphur 
haemoprotein. The deduced amino acid sequence of 
the polypeptide from Synechococcus still is homolo- 
gous to the iron-sulphur haemoprotein of the 
NADPH-sulphite reductase by 35% when compared 
over the complete sequence of 583 amino acid residues 
of the cysI gene described by Ostrowski et al. [17]. 
Most striking are the similarities in the domains which 
the authors suggested form the Fe4S4-sirohaem cat- 
alytic centre of sulphite and nitrite reductases. These 
two Cys clusters are selectively compiled from sulphite 
and nitrite reductases (EMBL Data Base, release 32, 
Table 1): 

The C-terminal Cys clusters are invariably spaced by 
the highly conserved sequence 'PNG'. With the excep- 
tion of the low molecular mass sulphite reductases 
from Desulfovibrio vulgaris, the sulphite reductases 
differ from the nitrite reductases only in that the 
glycine is replaced by serine and that the position of 
this glycine changed from inner left side of cysteine-495 

sulphite reductases ('biosynthetic") 
sit" Spnechococcus 444 M A C  P A L P T C G L  454489 T G C P N G C A 4 9 6  

cysl E. coli B 432 M A C V S F P T C P L 442 477 T G C P N G C G 484 

MET S. cerevisiae S S C V P L P T C G L T G C P N G C S 

cys T roseoperslcina M S C V A L P T C P L T G C P N G C A 

sir A. thaliana M A C P A F P L C P L T G C P N G C S 

nitrite reductases ("biosynthetic") 
nirA Synechococcus 394 V S C T G S Q Y C N F 404435 T G C P N S C G 442 

nix" Spinacea oleracea 471 V A C T G S Q F C G Q 481 512 T G C P N S C G 519 

B.pendula V A C T G N Q F C G Q T G C P N S C G 

Z m a . v s  V A C T G N Q F C G Q  T G C P N S C G  

sulphite reductases ("respiratory") 
asrC S. t)phlmurium 113 V A C Q O N R l C Q K 123 151 iv' G C P N D C A 158 

dszA Archaeoglobus f 174 S A C M O P A L C E F 184 218 A O C P N D C V 225 

Desulfo,4bfio v. 89 Q A C P T G A V C P F 99 129 S G C P F C C G 126 

nitrite reductase ("respiratory") 
niiA AspergJIIusnidul. 7x8 K S C V G T T W C R F 7 2 8 7 5 8  S G C V R E C A 7 6 5  

nirB E. coliK12 639 K T C V G S T WC R Y 649679 S G C T R E C .~ 686 

F i g .  2. S u l p h i t e  a n d  n i t r i t e  r e d u c t a s e  C y s  c l u s t e r s  - a l i g n m e n t  o f  t h e  

a m i n o  a c i d s  i n v o l v e d  in t h e  b i n d i n g  o f  t h e  F e 4 S 4 - s i r o h a e m  c l u s t e r  in 

t h e  six e l e c t r o n  t r a n s f e r r i n g  h o m o l o g o u s  e n z y m e s ,  n u m e r a l s  r e f e r  to  

t h e  p o s i t i o n  o f  t h e  r e s i d u e  w h e n  k n o w n :  sir f r o m  S y n e c h o c o c c u s  - 

t h i s  p a p e r ,  c y s I  f r o m  E.  col i  [16], m e t  f r o m  y e a s t  - G i s s e l m a n n ,  

u n p u b l i s h e d  d a t a ,  sir f r o m  A r a b i o p s i s  tha l iana  - G i s s e l m a n n ,  un -  

p u b l i s h e d  d a t a ,  c y s I  f r o m  Thiocapsa  roseopers ic ina  - H a v e r k a m p  a n d  

S c h w e n n ,  u n p u b l i s h e d  d a t a ,  n i r  A f r o m  S y n e c h o c o c c u s  P C C 7 9 4 2  - 

O m a t a ,  u n p u b l i s h e d  d a t a ,  nir  f r o m  s p i n a c h  [3], f r o m  B. p e n d u l a  [5], 

f r o m  Z.  m a y s  [13], a s r C  f r o m  S. t y p h i m u r i u m  - [8], d s r A  - a l p h a  

s u b u n i t  o f  d i s s i m i l a t o r y  s u l p h i t e  r e d u c t a s e  f r o m  A r c h a e o g l o b u s  

f u l g i d u s  - D a h l  e t  al . ,  u n p u b l i s h e d  d a t a ,  low m o l e c u l a r  w e i g h t  f o r m  

o f  ' a s s i m i l a t o r y '  s u l p h i t e - r e d u c t a s e  f r o m  D e s u l f o v i b r i o  vulgaris  [23], 

i n d u c a b l e  n i t r i t e  r e d u c t a s e s  nii A f r o m  Asperg i l l u s  n i d u l a n s  [9], nir  B 

f r o m  E.  col i  [17]. 

to a position on the right side. This generalization 
seems to cease with the respiratory enzymes - sulphite 
and nitrite reductases alike. Of the two Cys clusters 
thought to be involved as bridging ligands of the haem- 
Fe4S 4 cluster, the amino acids of the C-terminal Cys 
cluster (position 491) appears to be conserved rather 
strictly when compared with the second Cys cluster at 
position cys446. This second Cys cluster is spaced by 
five amino acids of which only the proline seems to be 
conserved among sulphite reductases. This may be 
coincidental though, and, when compared with the 
other six electron-transferring reductases like nitrite 
reductase, including the respiratory enzymes, the ho- 
mology only remains for the number and spacing of the 
cysteine residues in the clusters. It should be noted 
that the whole stretch of amino acids is hydrophobic in 
the sulphite reductases with a significantly higher con- 
tent of leucine and proline favouring a bend or turn in 
the primary structure. In addition to homologies in the 
Cys clusters, the polypeptides were compared by their 
binary matching coefficients which consider identities 
in the position of the amino acids in combination with 
the size of the gene product. The coefficient between 
Synechococcus sulphite reductase and E. coli iron- 



sulphur haemoprotein  is 0.32 and 0.23 for the ferre- 
doxin-dependent nitrite reductase from spinach. These 
rather  low values may be seen as indication of a 
considerable phylogenetic distance between the en- 
zymes, but straight diagonals were obtained by dot 
matrix comparison of the deduced amino acids (data 
not shown), supporting the view of homologous pro- 
teins. 

As the overall homology with the N A D P H  : sulphite 
reductase haemoprotein  together with the conservation 
of the Cys clusters of the putative FeaSa-sirohaem 
binding site at positions 446/491 of the polypeptide 
led us to the suggestion that the cloned D N A  is identi- 
cal with the structural gene for ferredoxin:sulphi te  
reductase, we wanted to confirm its identity. Protein 
sequence data are not yet available, so that the identi- 
fication is based on a correlation of (a) enzymatic 
activity of the gene product, and (b) the immunological 
relationship between the recombinant  gene product 
and the fd : sulphite reductase purified from a wild-type 
Synechococcus. 

In order to express a sir gene product that could be 
used as enzymatically active sulphite reductase, the 
pBTacl  expression vector system [23] was used where 
the sir gene was cloned into the SmaI site. The sir 
gene was inserted in two steps: first, a 499 bp PCR 
product (from nt 301 to 798) of the gene sir including 
the A T G  and a HindlI1 restriction site (corresponding 
to nucleotide position 324 of the gene in Table I) was 
ligated blunt-end into the Sinai site of pBTac. Second: 
the resultant plasmid was restricted with HindlII  thus 
enabling the insertion of the large 1.8 kb HindlII  
fragment  of sir (derived from pMal-Sir) including the 
3 '-end of the gene-yielding plasmid pTacSirl ,  pTacSir2 
was considerably larger because it was constructed 
using an 8 kb HindlII  fragment  for insertion. Both 
plasmids were cloned in E. coli TG1. As Wu et al. [26] 
reported that the activity of  the recombinant  sulphite 
reductase from E. coli cysI was limited by an unsuffi- 
cient supply of the sirohaem due to a lack of cysG 
gene product, we additionally complemented  two of 
the transformants with pBcysG. Of the two types of 
construct monitored for sulphite reductase in vitro by 
its MVH-dependen t  formation of H2S (Ref. 2, modi- 
fied in Ref. 21), only pTac-Sir l  and pTac-Sir l  + 
pBcysG exhibited activity (103 and 171 nmol H2S 
mg-~)  which corroborated with the amount  of sulphite 
reductase detected by ELISA using the antibodies 
against the sir gene product  (Fig. 3). The pTac-Sir2 
constructs, harbouring additional D N A  downstream of 
sir, both contained little activity (14 and 35 nmol H2S 
m g -  1) while some activity was also found in the extract 
from the clone harbouring pMal-Sir (123 nmol H2S 
rag- l ) .  The enzyme activity of the pMal-Sir clone, 
however, is expected to result from free unfused en- 
zyme protein rather  than the fusion protein. 
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Fig. 3. Expression and immunological identification of the sir gene 
product - SDS-polyacrylamide gel electrophoresis (left) and Western 
blot (right lanes) of cell extracts containing recombinant fd:sulphite 
reductase and fd:sulphite reductase partially enriched from Syne- 
chococcus. Lane 1: cell extract from host E. coli TBI harbouring the 
fusion vector pMaI-Sir, and Western blot with anti:sulphite reduc- 
tase antibodies. 2: total protein extract from Synechococcus wild-type, 
no detectable sulphite reductase; 3: sulphite reductase enriched 
(from DEAE-Sepharose, low Cl-eluting fractions); 4: sulphite reduc- 
tase enriched (from DEAE-Sepharose, high CI-eluting fractions); 5: 
sulphite reductase enriched (Phenyl-Sepharose, Brij 35 step); 6: 
expression of pSirl, 7: of pSir2, 8: pSirl plus pBcysG, 9:pSir2 plus 
pBcysG,10:pJYW609 as control. Protein content in all lanes 15/zg 
except markers. For the Western immunoblots, anti-Sir-antibodies 
were raised against electrophoretically pure recombinant sulphite 
reductase purified from the fusion protein shown in lane 1. Detec- 
tion of antigen-antibody complexes by the use of peroxidase-con- 

jugated goat anti-rabbit immunoglobulins. 

Expression of the cloned sir should yield a polypep- 
tide of 70 028 Da - including the MAL-binding pro- 
tein, a fusion-protein of 114 kDa has to be obtained 
(Fig. 3a). A pure Sir gene product was isolated from 
the fusion by maltose affinity chromatography and fac- 
tor Xa proteinase treatment.  The molecular mass of 
this gene product estimated by SDS-polyacrylamide gel 
electrophoresis was 69-70 kDa. The cyanobacterial 
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su lphi te  r educ t a se  is l a rge r  than  the  en t e rob a c t e r i a l  
cysI gene  p roduc t  because  the  C- te rminus  is e x t e n d e d  
by 42 amino  acid  res idues .  In  its size it s t rongly  resem-  
bles  the  71 k D a  f d : s u l p h i t e  r educ ta se  m o n o m e r  pur i -  
f ied f rom sp inach  [1]. K r u e g e r  and  Siegel  [13] obse rved  
that  sp inach  leaves con ta ined  two immunolog ica l ly  re- 
l a ted  forms of  the  enzyme:  a 69 and a 63 k D a  m o n o m e r ,  
assuming tha t  the  smal le r  p o l y p e p t i d e  was f o r m e d  by 
p ro teo ly t i c  deg rada t i on .  T h e  f d : s u l p h i t e  r educ ta se  
f rom Spirulina platensis pur i f i ed  by T a m u r a ' s  goup  
using fe r redoxin-af f in i ty  c h r o m a t o g r a p h y  showed a 
mass  of  63 k D a  with the  t endency  to form a homo-  
d imer  of  120 k D a  at h igher  ionic s t reng th  [1,11]. 

T h e  iden t i ty  of  the  sir gene  p roduc t  as the  s truc-  
tura l  gene  of  the  f d : s u l p h i t e  r educ ta se  was conc luded  
f rom its cross-react iv i ty  towards  the  fd : su lphi te  reduc-  
tase which was pur i f i ed  f rom the wi ld- type  Synechococ- 
cus. Polyclonal  an t ibod ie s  ra i sed  agains t  the  sir gene  
p roduc t  were  used  for  W e s t e r n  immunob lo t t i ng  (Fig.  
3b). In  view of  the  highly d i spu t ed  role of  this enzyme 
in the  process  of  ass imi la tory  su lpha te  r educ t ion  by 
plant ,  the  s tudy of  gene  activity and express ion  will be 
most  he lpfu l  to r e -de f ine  its pos i t ion  in the  pa thway.  

T h e  f inancia l  suppor t  of  the  Deu t sche  Forschungs -  
gemeinschaf t ,  Bonn,  is gra teful ly  acknowledged ,  w e  
also a p p r e c i a t e  the  he lpfu l  sugges t ions  by Ch. Dahl  
and  H.G.  Tr i ipe r ,  Bonn,  and  we wish to t hank  N.M. 
Kredich ,  D u r h a m ,  NC,  for  his k ind  gift of  the  s t ra ins  of  
S. typhimurium ha rbou r ing  cysG plasmids ,  and  advice 

on cloning.  
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