
molecular systems, lllakes ilouhly and llighly 
multiply charged anions a prarnlsillg area of 
research. The conllection of gas-phase multi- 
ply c1xxrgeJ anlons to those known to exist 111 

the condellsed state like\vlse offers an excit111g 
challenge for future research. 

Ne\v ~levelopments in h igh- reso l~~ t~on  la- 
ser photoi le tacl~~ne~l t  spectroscop\- sho~~lci  al- 
1o\v accurate measurement of atolnlc and 
molecular EAs. Likexvise, the esploslve tecll- 
nical progress as well as the price reiiuction 
in the field of s ~ ~ p e r c o m p ~ ~ t i n g  hard\\-are ile- 
vices now routinely makes amenable accu- 
rate large-scale comp~~tat ions  of the EA for 
rather large molecular systems 1-y elaborate 
tlleoretical techniques. In many cr~tical cas- 
es, the recent progress already has alloned 
experinlent anLi theor\- to converge to com- 
monly accepted (final) results. 
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Reconstitution of I,,,,. An 
Inward Rectifier Subunit Plus 

the Sulfonylurea Receptor 
Nobuya Inagaki,* Tohru Gonoi,* John P. Clement IV, 
Noriyuki Namba, Johji Inazawa, Gabriela Gonzalez, 
Lydia Aguilar-Bryan, Susumu Seine,-t Joseph Bryan 

A member of the inwardly rectifying potassium channel family was cloned here. The 
channel, called BIR (Kir6.2), was expressed in large amounts in rat pancreatic islets and 
glucose-responsive insulin-secreting cell lines. Coexpression with the sulfonylurea re- 
ceptor SUR reconstituted an inwardly rectifying potassium conductance of 76 picosie- 
mens that was sensitive to adenosine triphosphate (ATP) (I,,,,) and was inhibited by 
sulfonylureas and activated by diazoxide. The data indicate that these pancreatic P cell 
potassium channels are a complex composed of at least two subunits-BIR, a member 
of the inward rectifier potassium channel family, and SUR, a member of the ATP-binding 
cassette superfamily. Gene mapping data show that these two potassium channel subunit 
genes are clustered on human chromosome 11 at position 11 p1 5.1. 

ATP-sensitive potassium currents, Iti-i-rl,, 
were discovered in cardiac muscle ( 1  ) and 
later founil in pancreatic p cells, pituitar\- 
tissue, skeletal n~uscle, \>rain, and vascular 
and nonvascular slnootll muscle (2 ) .  lKi-rl, 
filnctiolls in secretion and muscle conuac- 
tion by coupling lnetaholic activity to mem- 
brane potential. In pancreatic p cells, ATP-  
sensitive potasslum chalnnels ( K  ,,,, chall- 
nels) are crucial for the regulation of gl~i- 
cose-induced illsulln secretion ( 2 ,  3) and 
are the target for the s~~lfonylureas,  oral 
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hypoglycemic agents Lviilely useii 111 the 
treatment of nonins~~lin-Liepel~de~lt  dlahe- 
tes mellitus (NIDDM) (4), and for diazox- 
lLie, a potassi~uln challnel opener. T h e  sul- 
fonylurea receptor (SUR) is a memller of 
the ATP-hinciing cassette superhm~ly (5) 
\\it11 multiple trans~neml-rane-spalll~illg d ~ -  
mains and two potential nucleotide-bindil~g 
folcis. Truncations of SUR that ren~ove the 
seconLi nucleotiJe-hindillg fold cause famil- 
la1 pers~stent hyperinsulinemic hypoglyce- 
mia of ~nfancv (PHHI) ,  a rare disorder of 



glucose homeostasis characterized by unreg- 
ulated insulin secretion despite severe hy- 
poglycemia (6). Although these observa- 
tions imply that SUR is closely associated 
with, or even a subunit of, KATp channels, 
expression of SUR alone has not produced a 
measurable IKATp (5). 

Cloning of a member of the inward 
rectifier family, BIR. A member of the 
small inward rectifier family, uKATp-1 
(Kir6.1), has been cloned and is expressed 
in various tissues including pancreatic islets, 
but not insulin-secreting cell lines (7). Be- 
cause a similar subunit might be expressed 
in p cells and insulin-secreting cell lines 
and because several genes encoding inward 
rectifiers lack introns (8), a human genomic 
library was screened for novel clones (9). 
Seventeen positive A clones were se- 
quenced, and five of them share the se- 
quence of the human uKATp-1 gene; four 
clones encoded a distinct protein similar to 
uKATP-1, designated BIR (for P cell inward 
rectifier family member). This subunit is 
Kir6.2 in the nomenclature of Chandy and 
Gutman (10). The sequence of the longest 
clone revealed a single open reading frame 
encoding a 390-amino acid protein with 
two putative transmembrane segments (Fig. 
1). Cloning and sequencing of a mouse 
homolog of BIR (mBIR) isolated from an 
insulin-secreting cell line complementary 
DNA (cDNA) library (9) revealed a single 
open reading frame encoding a 390-amino 
acid protein (Fig. 1) with 96 percent amino 
acid identity with human BIR (hBIR), 
which confirms that the gene encoding hu- 
man BIR is intronless in the protein-coding 
region. The predicted amino acid sequences 
of hBIR versus mBIR show 7 1 percent iden- 
tity (82 percent similarity) with rat 
uKATp-1 and 41, 46, 42, and 44 percent 
identity with ROMKl (I I), IRKl (12), 
GIRKl (1 3),  and cKATp-l/CIR, respective- 
ly (14). 

This suggests that BIR is in the same 
subfamily as uKATP-1, an observation that 
other structural features of BIR confirm: 
The highly conserved H5 region motif, Gly- 
Tyr-Gly, found in all inwardly rectifying 
potassium channels identified to date (15) 
is Gly-Phe-Gly in both BIR and uKATp-1. 
The inward rectifiers, IRKl and GIRK1, 
have an aspartic acid (Asp) in the second 
transmembrane segment (residue 172 of 
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-MI- -H5- 
hBIR TLLIFTMSFLCSWLLFAMAWWLIAFAHGDLAPSEGTAEPCVTSIHSFSSAFLFSIEVQVTIGFGGRMVTE 140 
mBIR V G NV 140 

a m -  
hBIR ECPLAILSLIVQNIVGLMINAIMLGCImTAQAHRRAETLIFSKHAvIALRHGRLCFMLRvGDLRKsMI 210 
mBIR I T 210 

# 

* 
bBIR ISATIHMQVVRKTTSPEGEWPLHQVDIPMENGVGGNSIFLVAPLIIYHVIDANSPLYDLAPSDLHHHQD 280 
mBIR G S 280 

# # 
bBIR LEIIVILEGWETTGITTQARTSYLADEILWGQRWPIVAEEDGRYSVDYSKFGNTIKVPTPLCTARQLD 350 
mBIR 350 

# * 
hBIR EDHSLLEALTLASARGPLRKRSVPMAKAKPKFSISPDSLS 390 
mBIR R D S AV 390 

Fig. 1. Comparison of the amino acid sequences of human and mouse BIR. Amino acids are indicated 
in the single-letter code. The amino acid residues of mouse BIR (mBIR) different from those of human BIR 
(hBIR) sequences are shown below that of hBIR. Predicted transmembrane (MI and M2) and pore (H5) 
segments are indicated (31). Potential cyclic AMP-dependent protein kinase phosphorylation sites and 
protein kinase Mependent phosphorylation sites are indicated by * and #, respectively. Abbreviations 
for the amino acid residues are as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H,  His; I ,  Ile; K, 
Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gln; R,  Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr. 

IRK1) that determines their strong rectifi- 
cation character (8, 16), whereas the weak 
rectifiers ROMK1, cKATp-1, and uKATP- 1 
have an asparagine (Asn) residue at the 
corresponding position. An Asn residue at 
this position in BIR (residue 153) suggests it 
should form a weak rectifier. 

Northern (RNA) analysis (Fig. 2)  re- 
vealed that BIR messenger RNA (mRNA) 
is expressed in large amounts in pancreatic 
islets, the glucose-responsive insulin-secret- 
ing cell lines MIN6 (mouse) and HIT-TI5 
(hamster), and the glucagon-secreting ci 

cell line ciTC-6 (mouse); it is expressed in 
smaller amounts in heart, skeletal muscle, 
brain, and the insulin-secreting cell line 
RINm5F (rat) (17). These tissues and cell 
lines have lKATP (2, 18, 19). BIR mRNA 
was not expressed in the other tissues and 
cell lines examined (Fig. 2). When the 
same nylon membranes were again probed 
with 32P-labeled SUR cDNA from hamsters 
(5), SUR mRNA was coexpressed in the 
same tissues and pancreatic islet-derived 
cell lines as BIR mRNA (Fig. 2). SUR 
mRNA is expressed in small amounts in 
brain but is absent or expressed only in very 
small amounts in heart and skeletal muscle. 

With the use of fluorescence in situ hy- 
bridization (FISH), we observed that the 
human BIR gene maps to the short arm of 
human chromosome 11 (20). Giemsa stain- 
ing of 30 (pro)metaphase figures of chromo- 
some 11 produced "G-banding" patterns 
that localized the twin-spot signals from the 
fluorescent human BIR probe to 1 lp15.1. 
The sequence obtained from one A clone at 
the 3' end of the gene encoding SUR 
matches a part of the gene encoding BIR; a 
long polymerase chain reaction (PCR) with 

SUR gene and an antisense primer (21) 
near the 5' end of the BIR gene amplified 
an approximately 4.5-kilobase fragment. 
Thus, the two genes are clustered at 
llp15.1, with the BIR gene immediately 3 '  
of the SUR gene. 

Reconstitution of I,,, from BIR and 
SUR. Coexpression of mouse BIR (mBIR) 

BIR 

SUR 

Fig. 2. Northern analysis of BIR and SUR mRNA in 
various rat tissues and hormone-secreting cell 
lines. The sizes of the hybridized transcripts are 
indicated. The sizes of the transcripts of BIR are 
4.1 and3.5kb,4.1 kb,and4.0and3.5kbinrat, 
mouse, and hamster, respectively. The size of the 
transcript of SUR is 5.0 kb. For autoradiography, 
the nylon membranes were exposed to x-ray film 
with an intensifying screen at -80°C for 2 days. 
BIR mRNA could be detected in small amounts in 
the pituitary and the pituitary-derived AtT-20 cell 
line with a longer exposure (12 and 4 days, re- 
spectively); SUR mRNA could also be detected in 
small amounts in the pituitary with a 4-day expo- 
sure. The uTc-6 RNA was analyzed separately; 
MIN6 RNA was included for comparison. Sk., 

a sense primer (21) near the 3' end of the skeletal; Pan., pancreatic; and S., small. 
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Fig. 3. Electroph\s~olog~- A 
cal recordtng from COS- +I 00 m v  --c*'+- 

C 1 
0 x 1  0001 

1 cells coexpressng +4 p p m m  7 mBlR and haSUR IA) 
+2;  3 Left nwardl) rect~fyng E 

+I0 mV--- ---. - 0 001 0 01 
property of BIR channel O 

(17 = 61 Right repesenta- -21 I 
0 mV t~ve traces from s~ngle- , 

I 
0 01 0 1 

channel ecordngs In the 2 I 

I is~de-out mode at v a r  p -6 ,  
' " "i"-' 

OLIS holdng potentas (6) -, -8 . I 0 1 , 0 01 Effects of ATP and ~ t s  an- 5 -101 

' 

aogs on channel act \ / i )  
Representat1.e traces of Membrane potent~al (mV) 0 01 
the exc~sed ~ns~de-out 0 001 

I 
~atches are shown - 
Channel act~\ /~iy was n 
h~b~ted b) 1 mM d~potas 0 s 1 mM ATP 1 mM ADP D 
slum ATP and by 0 1 mM 
AMP-PNP, a nonhydro- I00 pM ATP 6 - 0 1 FM gl~benclam~de - , , 
yzabe H IP  analog. ADP I IOPA - C - 1 

(I mM) and AMP (1 mM) in 1 mM ADP - 2 - 3 

the presence of 1 FM di- 280 s 
potassium HTP slightly 
suppressed channel ac- 
tlvlty. (CI Left dose-de- 
pendent effect of HTP and 100 FM diazoxide 
its analogs on channel ac- 420 s - C 

tvity. Channel activity was - I 
- 2 

calculated by lntegratlng - 3 

current flow during the 0.1 mM AMP-PNP 
channel openngs and dl- 560 s 
vldng the Integral by the 1 s  10 s PA 
total sampllng time (gen- 
erally 20 to LO s). The channel activty at each concentration of the agents is  MI and diazoxide (100  MI on channel activity. Representative traces are 
expressed as a percent of the control (at 1 FM dpotassum ATPI. Right, sliown In (BI through (Dl, horizontal bars lndcate appicaton periods of the 
representative traces at the indicated ATP concentrations (rnM). The numbers agents. Melnbrane potential was held at --60 rnV, unless othenvse noted 
In parentheses glve the number of patches analyzed for each concentration. Values are means -t SEM. The nurnbers to the rlght of the traces Indicate the 
[See (22. 231 for details of the transfecton.] (D) Effects of gibencamde (0.1 numbers of open channels. 

and hamster SUK (haSUK) in COS-1 and 
COSln6 cells generated potasslum currents 
that n e  characterized 1.y sl11gle-chan~~el 
L~atcll-clan~p (22) and b6Rb- efflux meth- 
oils (23) .  T h e  characteristics of the  si~lgle- 
channel coni l~~ctances  of luBIR and haSUR 
cotransfectants \\.ere analy~ed (Fig. 3 ) .  I11 

the presence of 140 111M potassi~lll1 (Kt  ) 011 

lmth sides of the melllbra~le, the current- 
voltage relatio11 revealed a \veal< ~nn.ard 
rectlficatio11 in the presence of 2 nlM mag- 
11eslLllll (h lg2+)  ill the intracellular solution 
\ ~ i t l ~  a reversal potential of 7 0 . 1  1111: (n  = 
6)  (Fig. 3 A ) ,  a value close to the theoretical 
Kt  equilibrium potential. T h e  si~~gle-cha11- 
nel conductance n.as calculated to be 16.4 
z 1.C pS at a membrane potentla1 of -63 
111V (11 = 19, lneall = SE). T h e  Kt  con- 
ducta11ce \\.as completely inhibited by 1 
lllht L%TP (Fig. 3B) and suppressed by 0.1 
1llX1 adel1yl-5'-yl inl~~lodiphosphate (iiX1P- 
PNP).  Chan11el activlty \vas slightly inhlb- 
ited by 1 lnM a i l e l l~s i~ le  d ~ p h o s ~ h a t e  
(ADP) ,  or 1 nlM aile~losine monophos- 
pllate (AMP) ,  in the presence of 1 ph'l 
A T P  (Fig. 3 ,  R anci C ) .  

T h e  L%TP inhibition of channel activity 
n-as dependent on the  dose, nit11 a half- 
lnaxilnal value of 10 pbt (Fig. 3C) .  ATP-  

sensltlve channels r e r e  observed in 25 out 
of 141 ranilo111 patches (17.0 percent) in 
cotransfected COS-1 cells. In contrast, 111 

untransfected COS-1  cells ( 4  out of 133 
ratches, or 2.1 percent), COS-1  cells trans- 
fected \ n t h  II-LBIR alone (5  out of 20C 
patches, or 2.5 percent), or COS-1 cells 
tra~lsfected \ri th haSUR alone ( 1  out of 75 
patches, or 1.3 percent), only A T P - ~ n s e ~ ~ s i -  
tive potassi~lnl currents of various conduc- 
tances bet~veen 3C and 300 pS \\ere f o u ~ ~ i l .  
Glibenclalll~de (24) (C. 1 p,ht) blocked the  
recollstit~lted K,Tp channels (Flg. 3D), and 
dialoxide (1C0 ph'l), A potent opener of P 
cell KiTr channels (25), stiln~llated actlrity 
(Flg. 3D).  

S h ~ b -  efflux measurements conflrnleil 
the results obtained n.1th single channels a t  a 
lnacroscopic level and directly linked the 
reco~lstltuted potassi~lln currents to the in- 
tracell~llar co~lcentration of ATP.  Transfec- 
tion of COSm6 cells with either plaslnlcl 
alone hail no  effect o n  basal efflux and pro- 
duced no  addltio~lal currents L I ~ O I I  aci~lltlon 
of metabolic inhibitors (Fig. SA). An endo- 
genous COS1116 cell current was inhibited by 
lnetabolic poisoning (Fig. 4A).  Cotra~lsfec- 
tion ~ v i t h  lnBIR anci haSUK increased basal 
"Rbt e t i l ~ ~ x  ahor-e that seen in controls 

transfecteil \\.it11 p-galactosiilase (Flg. 4, 
and B). Metabolic po i so~~ing  with ol~gom\-- 
cin (2.5 p,g/ml) a11d 2 mh'l 2-deox\-glucose 
stimulated efflux beyond hasal levels (Flg. 
4R) despite the simultaneous inllibltioll of 
the endogenous COS1116 cell current (Flg. 
.IL%). Eftlux t h r o ~ ~ g h  the reconstituteil cha11- 
nels was 111hibiteil by glibe11clamlde (Fig. 
4B) and \vas activated by d i a ~ x ~ d e  ~n the  
absence of nletabollc inhibitors (Fig. 4 C ) .  
T h e  dose responses (Flg. 4D)  for actlva- 
t ion by diaroxlde (half-maximal at 60 
p,X1) and inhibition by gl~benclamide 
(half-maximal a t  1.3 11M) a n J  tolbutamide 
(half-maximal a t  32 p,h'l) lvere those ex- 
pected for p cell IKITp ( 2 ) .  

Distinct potass~um channel activity was 
observed ~n Xrnopus laevis oocytes co-in- 
jecteil with mBIR and haSUR complemen- 
tary RNAs (cRNAs) (26) .  Wi th  9C mh'l K- 
111 the e s t e r~ la l  solutlon, in\vard membrane 
currents were ~ncreased by 1C0 ph'l cilasox- 
lde and ilecreaseil by 0.1 p,bt glil~ellclan~iile 
(16 out of 23 oocytes) (Fig. 5). T h e  inhib- 
itory effect of glibencla~nide n2as not revers- 
ible \\.hen the ,lrug was \vasheci an-ay or by 
aJclitio11 of another dose of diasoside. Oo-  
cytes injected \vlth H 2 0  (n  = 32) ,  lnBIR 
cRNA alone (n  = l 5 ) ,  or 11,lSUR cRNL% 
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Fig. 4. 86Rb+ efflux from COSm6 
cells coexpressing mBlR and ha- 90 

SUR. (A) Basal efflux from cells ex- 70 
pressing only mBlR (diamonds), ha- 50 
SUR (circles), or P-galactosidase 
(squares) in the absence (top line) or 30 

presence (bottom line) of metabolic - 10 
inhibitors. The data points are tight- E 
ly clustered; therefore, the symbols g Time (rnin) Time (rnin) 
have been offset +/- 1 or 2 min for E 
clarity (B) Efflux from cells coex- 90 

pressing mBlR and haSUR. Basal 70 
efflux (squares) was greater than 50 
that shown in (A) and was increased 30 
in the presence of metabolic inhibi- 

10 t 20 
tors (triangles). The efflux activated a 

by metabolic inhibitors was blocked 0 - 
by 1 pM glibenclamide (circles). (C) Tlrne (rnln) log[Drugl 

Diazoxide (200 pM) increased efflux (triangles) beyond the basal 90 
level (squares). This increased current was partially blocked by 10 , 
pM glibenclamide (circles). (D) Dose-response curves for gliben- 70 

clamide (squares), tolbutamide (circles), and diazoxide (triangles). 5 50 

Half-maximal values were approximately 1.8 nM, 32 pM, and 60 30 
pM, respectively. (E) Diazoxide had little effect on efflux from cells 10 
expressing mBlR (diamonds), haSUR (circles), or p-galactosidase 
alone (squares). The solid (bottom) line is for haSUR without diazox- 

0 10 20 30 40 
Time (rnin) 

ide; the dotted (top) line is with 200 pM diazoxide. As in (A), the data 
points are tightly clustered and the symbols have been offset +/- 1 or 2 min for clarity. The error bars are 
standard deviations. [See (22, 23) for details of the transfection.] 

Fig. 5. A representative trace of 
whole-cell recording from Xenopus 
laevis oocytes co-injected with in a -250 
vitrc-synthesized mBIR cRNA and = 
haSUR cRNA. The effect of 100 pM 

- 
diazoxide and 0.1 pM glibenclamide 
on membrane currents is shown. On 
achieving a stable state after clamp- 
ing at -60 mV (not shown in the figure), alternate voltage pulses of ? 10 mV and 100-ms duration were 
applied every 5 s. A scale for the current amplitude is indicated. The dotted horizontal line indicates the 
zero current level. Horizontal bars indicate the application periods of the agents. 

alone (n = 16) did not respond to diazoxide 
or glibenclamide (27). Similar effects of 
diazoxide and glibenclamide on potassium 
currents were further confirmed by whole- 
cell recordings of COS-1 cells coexpressing 
mBIR and haSUR (28). 

These findings demonstrate that BIR 
and SUR reconstitute the main character- 
istic features of the ATP-sensitive potassi- 
um current IKATP described in pancreatic P 
cells (29) and indicate that native P cell 
KATp channels are a complex composed of 
at least two subunits. BIR and SUR. with 
unknown stoichiometry. Because neither 
 rotei in alone can function as a channel. we 
propose to name the subunits KATp-a for 
BIR and KATI,-P for SUR to reflect their 
function as subunits of IKAT,. We assume 
that KATp-P, which binds sulfonylureas 
with high affinity and has two potential 
nucleotide-binding folds, activates KATp-a, 
the silent inward rectifier. and confers ATP 
and sulfonylurea sensitivity on I,,,,. 
Whether one or both polypeptides form the 
potassium selective pore is unknown, as is 
the binding site for the potassium channel 

opener diazoxide. These results imply that 
mutations in K,,,-a, like those in KATP-P, 
will give rise to PHHI. The reconstitution 
of I,,,,, provides a means for the molecular 
characterization of this channel and for un- 
derstanding its role in disorders of glucose 
homeostasis, including diabetes mellitus 
and PHHI. 
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Crystal Structure of the Xanthine 
Oxidase-Related Aldehyde 

Oxido-Reductase from Dm gigas 
Maria J. RomZo, Margarida Archer, Isabel Moura, 

Jose J. G. Moura, Jean LeGall, Richard Engh, 
Monika Schneider, Peter Hof, Robert Huber* 

The crystal structure of the aldehyde oxido-reductase (Mop) from the sulfate reducing 
!naerobic Gram-negative bacterium Desulfovibrio gigas has been determined at 2.25 
A resolution by multiple isomorphous replacement and refined. The protein, a homodimer 
of 907 amino acid residues subunits, is a member of the xanthine oxidase family. The 
protein contains a molybdopterin cofactor (Mo-co) and two different [2Fe-2S] centers. It 
is folded into four domains of which the first two bind the iron sulfur centers and the last 
two are involved in Mo-co binding. Mo-co is a molybdenum molybdopterin cytosine 
dinucleotide. Molybdopterin forms a tricyclic system with the pterin bicycle annealed to 
a pyran ring. The molybdopterin dinucleotide is deeply buried in the protein. The cis- 
dithiolene group of the pyran ring binds the molybdenum, which is coordinated by three 
more (oxygen) ligands. 

Molybdenum is a n  essent~al element for 
m~crobial,  plant, and animal life. Except in 
the  nitroeenases a h e r e  it is part of a hetero- 
nletal ~nolybdenum-iro11-sulfur cluster, the  
metal is usuallv associated with 21 pterin 
derivative to fo;m the mo1)-bdenum cofac- 
tor (hllo-co) ( 1  ). Mo-co containing en;\-mes 
participate in h\-droxylation and oxo-trans- 
fer reactions that are two-electron transfer 
processes occurrine a t  the  Mo-co site. Wa-  
ter is the  ultimate source of the  oxygen 
atom incorporated into the  substrate, and 
reducing equivalents are generated in this 
process. These features are characteristic of 
the  molybilenum containi~lg 11ydrox)-lases 
and differ from other dioxygen consuming 
systems. Mo-co enzymes ~ ~ s u a l l y  contain 
other redos-active cofactors, such as iron- 

M. J. Rom2o and M. Archer are at the nstituto de Tec- 
noogia Qumca  e B o o g c a  Rua da Qunta Grande 
2780 Oeiras and I S. T.. De~ariamento Quimica. 1096 

sulfur clusters, f l x i n s  or heme centers, 
which ~nediate  electron transfer from Mo- 
co to the  final electron acceptor ( 1 ,  2) .  

T h e  aldeh).de oxido-reductase (Mop) 
from the sulfate reducing anaerobic bacte- 
rill111 D~s14lfovib~io  gas contains Mo-co anil 
t\vo different iron-sulf~~r centers defined by 
electron paramagnetic resonance (EPR) 
and Mbssbauer spectroscopies as [2Fe-IS] 
clusters (3). This protein was characterized 
and crystallized (4), and its gene a.as cloneci 
and sequenced (5), revealing its relation to 
xanthine oxidases. 

Mop is a ho~nodnner  with 90'i a ~ n i n o  
acid residues per monomer. It oxidizes alde- 
hydes to carhoxylic acids, 1~1th little speci- 
ficity for the  nature of the  side group. Moy 
is part of an  electron transfer chain, con- 
sisting of four proteins from D. gigas, tla- 
vocioxin, cytochrome, and hyilrogenase 
such that the  oxidation of aldehvdes is 
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