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ABSTRACT The nucleotide sequence of nifD, the structural
gene for the a subunit of dinitrogenase from Anabaena 7120, has
been determined. The coding sequence contains 1,440 nucleo-
tides, which predict an amino acid sequence of 480 residues and
M, of 54,283. The predicted sequence contains eight cysteines, of
which five are conserved with respect to adjoining sequences and
position relative to the a subunits of dinitrogenase from Azoto-
bacter, Clostridium, and Klebsietla. Because there are also five
conserved cysteines in the (3 subunit of Anabaena dinitrogenase
[Mazur, B. J. & Chiu, C.-F. (1982) Proc NatL Acad Sci. USA 79,
6782-6786], the number of cysteine residues participating as li-
gands to FeS clusters is likely to be 20 per a2P2 tetramer. This
number is sufficient to accommodate the known four Fe4S4 clus-
ters, leaving at least four cysteines to be shared among the two
FeMo cofactors and the more poorly characterized two-iron cen-
ter. Although the a- and (B-subunit gene sequences are not recog-
nizably homologous, their secondary structures, predicted from
the sequences, indicate similar domains around three of the con-
served cysteine residues.

Biological nitrogen fixation is catalyzed by the enzyme nitro-
genase. The larger of its two component proteins variously
termed dinitrogenase, component I, or MoFe protein consists
of two pairs of different polypeptides, termed a (Mr 56,000)
and f3 (Mr 59,000) (1). In addition to the polypeptides, dinitro-
genase (component I or MoFe protein) contains three distinct
metal-ion environments revealed by M6ssbauer and EPR stud-
ies (2). Of 30-32 total iron atoms, 12-16 are located in two
identical MoFe cofactors (MoFe6-8S8 or MoFe6-8S9), which
are EPR active (S = 3/2) spin-coupled centers easily disso-
ciated from the protein (2-4). Sixteen iron atoms are protein-
associated in four Fe4S4 clusters, designated P clusters. These
differ from classical Fe4S4 clusters in that each is composed of
two different diamagnetic environments designated D and Fe2 ,
which are present in a ratio of 3: 1. The remaining irons, which
comprise 6% of the Mbssbauer signal (2 Fe atoms), are as-
signed to a poorly characterized "S" center that may be an un-
usual Fe2S2 cluster (2). During a catalytic cycle electrons are
transferred from a single Fe4S4 center in another protein (dini-
trogenase reductase, Fe protein, or component II) to the P clus-
ters of dinitrogenase in a one-electron reduction coupled to ATP
hydrolysis. Electrons are then passed to one of the MoFe co-
factors where N2 (or an alternate substrate such as acetylene)
is reduced (1).

All nitrogen-fixing organisms studied to date contain simi-
larly constituted dinitrogenase and dinitrogenase reductase (1).
Both in vitro complementation and spectroscopic methods re-
veal the conservation of structure among these components,
but nothing is known about the detailed three-dimensional

structure of the enzyme complex. The Clostridium dinitrogen-
ase has been crystallized, but it has not yet been possible to
define the liganding of the Fe-S or Mo-Fe centers to the pro-
tein (5).
The conserved protein structures of nitrogenase components

reflect the conservation of nucleotide sequences coding for these
components among the nitrogen-fixing bacteria (6, 7). In Kleb-
siella pneumoniae, the genes coding for dinitrogenase reduc-
tase and dinitrogenase a and P subunits are called nifH, nifD,
and nifK, respectively (8). Recombinant DNA probes contain-
ing Klebsiella nif genes have been used to clone DNA frag-
ments with related sequences from Anabaena (7, 9), Azospiril-
lum (10), Rhizobium (11, 12), and Rhodopseudomonas (unpub-
lished data).

Determination of the nucleotide sequences of cloned genes
has made available the amino acid sequences of several nitro-
genase polypeptides. The sequences of dinitrogenase reductase
(nifH) from Anabaena (13), Klebsiella (14, 15), and Rhizobium
(16) were determined this way and compared with the complete
amino acid sequence of the corresponding protein from Clos-
tridium (17) and the cysteine-containing peptides of the cor-
responding protein from Azotobacter (18). These comparisons
defined regions of very strict homology, which include cvsteine
residues likely to be involved in liganding to the single Fe4S4
cluster of dinitrogenase reductase. However, there is no known
homology between dinitrogenase reductase and any other iron-
sulfur protein. For the larger dinitrogenase subunits, no com-
plete amino acid sequences have been determined directly.
Partial sequences for the Clostridium a subunit have been pub-
lished (19), as have the sequences around all the cysteine res-
idues in the a and 3 subunits of Azotobacter dinitrogenase (20).
The NH2-terminal 208 amino acids of the Klebsiella a subunit
have been determined from the partial sequence of the nifD
gene (14), whereas the complete amino acid sequence of the
Anabaena /3 subunit was determined by sequence analysis of
the Anabaena nifK gene (21).
We report here the nucleotide sequence of the Anabaena

nifD gene and the amino acid sequence, obtained bv transla-
tion of the gene sequence, of the dinitrogenase a subunit. An-
abaena is now the only organism for which the primary struc-
ture of all three nitrogenase polypeptides is known.

MATERIALS AND METHODS
The Anabaena nifD gene is cut once by both EcoRI and HindIII
(9). The NH2-terminal part of the gene was cloned in a 1. 8-kilo-
base-pair (kbp) HindIII fragment in plasmid pAnl54.3 (13). The
remaining part was cloned in a 2.4-kbp HindIII fragment in
plasmid pAn256 (9). Both plasmids, derivatives of pBR322, were
maintained in Escherichia coli HB101.

Abbreviation: kbp, kilobase pair.
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Plasmid DNA was isolated as described (9). DNA sequence
analysis was by the methods of Maxam and Gilbert (22), except
for the piperidine cleavage step, which was modified as de-
scribed by Smith and Calvo (23). All restriction sites were over-
lapped, except the HindIII site at the junction of the fragments
in pAn154.3 and pAn256. The sequence there was determined,
on both plasmids, up to the 5'-labeled nucleotides at the HindIll
site by using 20% acrylamide gels (22). More than 96% of the
coding sequence was determined on both strands of DNA.

RESULTS AND DISCUSSION
The nifH and nifD genes of Anabaena 7120 are located on ad-
jacent HindIII fragments. Only 114 nucleotides separate the
nifH termination codon from the nifD ATG start codon (Fig.
1), whereas the Anabaena nifK gene is located approximately
11 kbp downstream from the 3' end of nifD (9). The sequence
of the nifH gene and the first 63 nucleotides of nifD has been
published (13). The majority of the nifD gene is found on the
2.4-kbp HindIII fragment of pAn256. A detailed restriction map
of pAn256 and the strategy used to determine the sequence of
nifD is also presented in Fig. 1.
The complete sequence of the Anabaena nifD gene is shown

as the noncoding strand in Fig. 2, along with the predicted amino
acid sequence of the dinitrogenase a subunit. The Anabaena
nifD coding sequence is 1,440 nucleotides long and terminates
with a single ochre codon. This sequence defines a 480-residue
polypeptide of Mr 54,283. This is in good agreement with val-
ues (Mr = 54,000-56,000) determined for the Anabaena MoFe
protein subunits (24). Unlike the acidic iron-sulfur proteins such
as rubredoxin and the ferredoxins (25), the a-subunit polypep-
tide is rich in basic amino acids, some of which are clustered,
and is predicted to have a charge of + 11 at neutral pH. Ap-
proximately 520 bases of 3'-flanking sequence are also pre-
sented. This region is A+T-rich relative to the nifD coding se-
quence and contains numerous nonsense codons. There are no
open reading frames, starting with methionine, longer than 25
residues on either strand of this 520-base-pair region.

The designated start codon was established by comparison
with the available NH2-terminal amino acid sequences of the
proteins from Azotobacter and Clostridium (refs. 19 and 20; Fig.
3). There are potential start codons, in phase, at positions -96
and 1. Both are preceded by reasonable ribosome-binding se-

pAn256

I pit54.3
nif H T nif D

A.
. I .~I

100bP

vHind mI RKpnI AHgaI aSou96I oHpaII
oHinf I vEcoR I QAcc I *Co I Hpo I

FIG. 1. Restriction map and sequence analysis strategy for the nfD
gene ofAnabaena 7120. The map and sequence of theHindll fragment
of pAnl54.3 are given in ref. 13. The HindH site at the junction of the
two cloned fragments is at residues 65-70 of the nifD coding sequence.
Fragments shown below were subjected to sequence analysis (see text).
bp, Base pairs.

quences, and no interceding termination codons are present.
Because neither the NH2-terminal amino acid sequence of the
Anabaena dinitrogenase a subunit nor the 3' sequence of An-
abaena 16S rRNA is known, the actual in vivo translation start
site cannot be assigned with certainty. The possibility exists that
the a subunit is translated with an NH2-terminal leader peptide
that is later processed to form the mature protein. Although the
products of several nifgenes in Klebsiella are required for dini-
trogenase "maturation" (8), there is no evidence to show that
maturation includes processing a leader peptide.
A comparison of the predicted amino acid sequence of the

a subunit from Anabaena dinitrogenase with the partial se-
quences available from Klebsiella (14), Clostridium (19), and
Azotobacter (20) is shown in Fig. 3. The overall homology of
the a-subunit proteins is quite good. The Anabaena sequence
is 66% homologous with the Klebsiella protein (136 of the avail-
able 205 residues are identical) and 47% homologous with the
Clostridium protein (84 of 180 residues are identical). Five of
eight cysteine residues in the Anabaena sequence show sub-
stantial homology with the other proteins. These cysteines oc-
cur at positions 64, 90, 156, 185, and 282. It is unlikely that the
other three cysteines are conserved, at least between Azoto-
bacter and Anabaena, because the comparison includes the se-
quences of all cysteine-containing tryptic peptides from Azo-
tobacter. Of the five homologous cysteine peptides only the
one containing C-156 exhibits homology with one of the known
iron-sulfur proteins. The sequence Glu-Cys-Pro-Val/Ile-Gly-X-
Ile is also found at residues 17-23 in the (anaerobic) bacterial
ferredoxins (25). As noted by Lundell and Howard (20), this se-
quence may contain important secondary structure unique to
Fe4S4 proteins. The fact that the other four homologous cys-
teine peptides are unique is not surprising, given the unusual
spectral properties of the P clusters in dinitrogenase. The pos-
sibility of replacement of thiolate ligands by other nucleophiles
or even 5-coordinate ligation has been suggested to explain the
spectral data (2).

Because complete amino acid sequences are now available
for the Anabaena a and (3 dinitrogenase subunits, it is possible
to determine the total number of conserved cysteine residues
in the a43Aenzyme by comparison with the cysteine-containing
peptide sequences from the Azotobacter subunits (20) and par-
tial a-subunit sequences from Klebsiea and Clostridium (14,
19). These residues are very likely to be involved as ligands to
the iron-sulfur clusters of the MoFe protein. The nifK protein
contains four conserved cysteines at positions 70, 95, 153, and
371. An additional peptide in Anabaena nifK differs only by a
displacement of cysteine 111 by two residues from its position
in Azotobacter (21). The nifD protein contains five conserved
cysteines (Fig. 3). Thus, there are a total of 20 conserved cys-
teines per dinitrogenase tetramer, based on the available se-
quence data. If all four Fe4S4 centers are ligated totally by cys-
teine, they would require a total of 16, leaving 4 cysteines for
bonding to the pair of MoFe centers or to the poorly charac-
terized S center, which probably contains two Fe atoms, or to
both. Neither the Fe4S4 centers nor the S center corresponds
to known, typical centers in situ (26). Thus, it is possible that
there are some non-thiolate bonds to the Fe-S centers, in which
case a larger number of cysteines would be available for li-
ganding to the MoFe cofactors.

Computer-assisted comparisons (27) of the nucleotide and
predicted amino acid sequences of Anabaena nifD and nifK do
not reveal any significant homologies, suggesting that these genes
evolved separately or diverged very rapidly from a common an-
cestral gene. We have also compared the two subunits with re-
spect to predicted secondary structures using the procedure of
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-117 -96"
TAG GAGACACGGA GACAGGAGAT GAGGAGCAAT TCCTCTTCCC

-34
TATTCCCCCA TTCGTAAGAG TCACTGAGGC AGAT ATG ACA

AAT AAG GAA
Asn Lys Glu

AAA GAG GTG
Lys His Leu

GTT GGT GGT
Val Pro Gly

GGT ATT AAG
Pro lie Lys

GGT GGT GGT
Gly Arg Arg

TGA GAG TTG
Ser Asp Phe

GAA GTG GAT
Glu Leu Asp

TGT ATT GGG
Ser lie Gly

GTA CCC TTA
Val Pro Leu

GAG GGT ATG
Asp Ala lie

TTG GAG GGA
Phe Glu Pro

GGG AGG CGGG
Ala Ser Arg

ACA CTC AAC
Thr Leu Asn

ATG AAG TAG
Met Asn Tyr

TTG GGG GGG
Phe Gly Pro

CAA GAA AAC
Gin Glu Asn

TAC CGC CCT
Tyr Arg Pro

GTT GTT CCC
Val Val Pro

AAT GAC GAT
Asn Asp Asp

ACC GCC TAC
Thr Ala Tyr

AAA GAG AAG
Lys Glu Lys

TCG GAA CTT
Ser Glu Leu

AAG AGT CTA
Lys Ser Leu

AATATAAGTG

ATTTGATTAA

ATGTAGATTC

AAAGATCCTC

AGCTTTGTTA

AGAGTCATCA

CTT
Leu

AAC
Asn

GTA
Val

GAC
Asp

AAC
Asn

CAA
Gin

GTT
Val

GAT
Asp

CGT
Arg

CGT
Arg

AGC
Ser

ATG
Met

GAG
Glu

ATC
lile

ACC
Thr

GCT
Ala

CGC
Arg

GCT
Ala

TAC
Tyr

GAA
Glu

TAC
Tyr

GGC
Gly

TTT
Phe

Met

ATT CAA GAA GTT CTG AAA
lie Gin Glu Val Leu Lys

GTC CAC GAA GAA AAC AAG
Val His Glu Glu Asn Lys

ATG ACC GCC CGT GGT TGT
Met Thr Ala Arg Gly Cys

ATG ATC CAC ATC AGC CAC
Met lie His lie Ser His

TAC TAC GTT GGT GTA ACT
Tyr Tyr Val Gly Val Thr

GAA CGT GAC ATC GTG TTC
Glu Arg Asp lie Val Phe

CTT TTC CCT CTC AAC CGT
Leu Phe Pro Leu Asn Arg

GAC ATC GAA GCT GTT GCT
Asp lie Glu Ala Val Ala

TGC GAA GGT TTC CGT GGT
Cys Glu Gly Phe Arg Gly

GAC TGG ATT TTC CCA GAA
Asp Trp lie Phe Pro Glu

CCC TAT GAT GTA GCT CTA
Pro Tyr Asp Val Ala Leu

CTG TTG GAA GAA ATG GGC
Leu Leu Glu Glu Met Gly

TTG ATC CAA GGC CCT GCT
Leu lie Gin Gly Pro Ala

TGC CGT AGT TTG GAA GAA
Cys Arg Ser Leu Glu Glu

AAG ATT GCT GCT TCT TTA
Lys lie Ala Ala Ser Leu

GAG AAG GTA ATT GCT AAG
Glu Lys Val lie Ala Lys

TTG GAA GGT AAC ACC GTA
Leu Glu Gly Asn Thr Val

TTT GAA GAC CTG GGT ATC
Phe Glu Asp Leu Gly Ile

AAA CGT ACC ACC CAC TAC
Lys Arg Thr Thr His Tyr

TTT GAA GAG TTC GTA AAA
Phe Glu Glu Phe Val Lys

GTC TTC CAA AAG ATG GGT
Val Phe Gin Lys Met Gly

GAC GGG GTG CAG ATG TCA
Asp Gly Val Gin Met Ser

1440
TTA GCC TAA
Leu Ala End

TTATTGGGTC TGGTTTTTGG

TGTGGGTCGG TTAGGCGATC

CAGCTACTAT ATAGAAAATA

TACAATAGAG TTGTGAGTCT

GTCAATATCA AAATCCATGA

TGTTTTGAAT ATCAGCAGAA

Thr

GCT
Ala

TCT
Ser

GCT
Ala

GGG
Gly

GGT
Gly

GGT
Gly

GGT
Gly

AAG
Lys

GTG
Val

TAC
Tyr

ATC
lie

TTA
Leu

GCT
Ala

CAA
Gin

CGT
Arg

TAC
Tyr

ATG
Met

AAA
Lys

ATC
lie

GCT
Ala

CTT
Leu

GAT
Asp

ATACAGGTTG T.

Proc. Nati. Acad. Sci. USA 80 (1983) 4725

ACTCTCCCTT CCCGACTCCT CACTCTCCCA AATATACTTC
36

CCT CCT GAA AAC AAG AAT CTT GTA GAT GAA
Pro Pro Glu Asn Lys Asn Leu Val Asp Glu

99
TAT CCC GAA AAA TCT CGC AAA AAG CGC GAA
Tyr Pro Glu Lys Ser Arg Lys Lys Arg Glu

162
GAT TGC GGC GTT AAG TCT AAC ATC AAA TCC
Asp Cys Gly Val Lys Ser Asn lie Lys Ser

225
TAT GCA GGT TCT AAG GGT GTG GTT TGG GGT
Tyr Ala Gly Ser Lys Gly Val Val Trp Gly

288
CCT GTA GGT TGC GGT TAC TGG TCT TGG TCT
Pro Val Gly Cys Gly Tyr Trp Ser Trp Ser

351
ATC AAC TCT TTC GGT ACC ATG CAC TTC ACC
lie Asn Ser Phe Gly Thr Met His Phe Thr

414
GGT GAC AAA AAA CTC ACT AAA CTC ATT GAA
Gly Asp Lys Lys Leu Thr Lys Leu Ile Glu

477
GTT TCC ATT CAA TCT GAA TGT CCC ATT GGA
Val Ser lie Gin Ser Glu Cys Pro lie Gly

540
AAA ACT TCT AAG CAA ATT GGT AAG CCT GTT
Lys Thr Ser Lys Gin lie Gly Lys Pro Val

603
TCT CAG TCC TTA GGA CAC CAC ATC GCT AAC
Ser Gin Ser Leu Gly His His lie Ala Asn

666
GAC AAG CTC AAG AAA GAA ACC AGA CTT GAC
Asp Lys Leu Lys Lys Glu Thr Arg Leu Asp

729
GGT GAC TAC AAC ATC GGT GGT GAC GCT TGG
Gly Asp Tyr Asn lie Gly Gly Asp Ala Trp

792
CGT GTA GTA GCT CAG TGG TCT GGT GAT GGT
Arg Val Val Ala Gin Trp Ser Gly Asp Gly

855
AAG TTA GTC CTC ATC CAC TGC TAC CGT TCT
Lys Leu Val Leu lie His Cys Tyr Arg Ser

918
TAC GGT ATG CCT TGG ATG GAG TTC AAC TTC
Tyr Gly Met Pro Trp Met Glu Phe Asn Phe

981
GAA ATC GCA GCT AAG TTT GAT TCT AAG ATT
Glu lie Ala Ala Lys Phe Asp Ser Lys lie

1044
ACA CCA GTA ATG AAT GCT GTA CTA GAT AAA
Thr Pro Val Met Asn Ala Val Leu Asp Lys

1107
TTG TAC GTA GGT GGT CTA CGT CCT CGC CAC
Leu Tyr Val Gly Gly Leu Arg Pro Arg His

1170
GTA GTT GGT ACT GGC TAT GAA TTC GCT CAC
Val Val Gly Thr Gly Tyr Glu Phe Ala His

1233
GAT AAC GCC ACC ATC ATT TAC GAT GAC GTT
Asp Asn Ala Thr lie lie Tyr Asp Asp Val

1296
AAG AAG CCT GAT TTA ATT GCT TCT GGT ATT
Lys Lys Pro Asp Leu lie Ala Ser Gly lle

1359
CCC TTC CGT CAA ATG CAC TCT TGG GAT TAC

I Pro Phe Arg Gin Met His Ser Trp Asp Tyr
1422

GAG GTA AGG TTT TTT TGT GAG GGG AGA AAA
Glu Val Arg Phe Phe Cys Glu Gly Arg Lys

1493
AGGGTTATC TGCGAACAAT ACATTTTTGC GGCTTAAGAC

GTTTTGGTTA GATTTGGGGT

GCTTTGAATC ACTAAGACTA

ATTAAAGTTA TTCAAGGATA

CTTCAACACA ACTATTGATA

ATATCGATTT TTAGTTCACC

GCCTCCTTCAC TATAGGGAAC

ATATAAATAA

GGAAGTATGC

GAAAAGAAAT

TAAATTGCGA

TTTATGATAC

TAAGTGATGA

1573
AAGACTATTT AATTGTTATT

1653
GATGAGGTAT GCGACAGAAA

1733
GTAAAATTAG AGGATGCTAA

1813
ATAATAAACT TAAGATACTG

1893
TTGTATGACA TGAAGGACAA

1963
CCATTAGCT

FIG. 2. Nucleotide sequence ofthe nifD gene ofAnabaena 7120. The sequence begins with thetermination codon ofthe nifH gene (13) at position
-117 with respect to the probable start of the protein sequence. There is an alternative site for translation at -96 (the underlined ATG), which,
if used, would produce a protein 32 amino acids longer. This NH2-terminal extension is not seen in mature dinitrogenase a subunit from Clostridium
(19) or Azotobacter (20).
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Ant NH2-

Kpt
CpR
Av:

10 20 30 40 50

MTPPENKNLVDE-KEL IQEVL I RAYPESK E RLKNM HE[!NKS DC VK--S NI KS V

NH27MM NAT LALIQEVL P R IER R AMM V SDPKMKSVGKCIIS NIRIK

Ij NH2 S EN LEIjLGE YIP T TRS VI KTEfETPNPEI V- T[FINJ
NH2 ,G MS RVE V ES ILI Q EV LE VY|

Am PGVMTARG
KP: PGVMTMJRG
Cpt PG AR
Av. G

'C'AYAGSKGVVWGPIKD tHISHGPVG

C YAGSKGVVFGPI KDMAHI SHGPAG
CA-YAGCKGVVM PI KDMV H1THGPI G
C YAGSK DMVHI TlHGPI G

CG SRAGRR G--YVYGVTNSF
RIN AjG R;[ [BTG VSVSF.

1KSEG| iSE M Ee
CSFYTYGL FKSKPE LCqSF YTW'

120 130 140 150 160 E K 70

An: MLH F TS DOF QE R DI V F G G DKK K L I ~E MGDVLF P L|NRS I
l Q S E C PIV G L1 GDD I SEA V AKNKpj:jLNFSFE tFGK KsI~ElMGL~LFPLTKGIITI1QSECPVGLI G.DDISIAVAINA-

Cps E YVF T QESiVGG1IKDA[[ AYEM-PA I GV CPVGLIGODI| LA JAT
Av: GI SV QSECPI GL

180 190 200 210 220 230

An: TiQIGKP VPLCR GF RGV S QS L GIHHI AN IA76kiDWllF P E YDKL KKE T RL DF E P S P YDVV
Kpi SIS KAL K I VRC GFRGVSQSLGHHIAN VVj
CpI AISEI IP HAFSC Y G

Av.- C GF

240 250 26 270
An: ALIGDY'NIGGDAWASRMLLEEMGLRV'VAQWSGDGTTLNEALQAGPAAK VI I ICYRISMNYI
AVv: NE VIHY R

290 300 310 320 3 30 340
An: CR SL E EQY GMP WME FN FF GP TK IA AS LR E IAA KF DS KI QE NA EK VI AK YT P VMN AV L DK

3 ~~~~360 370 380 390 400
An: Y3P RLEGNTVMLYVGGLRPRHVVPAFEDLGI KVVGTGYEFAHNDDYKRTTHYI DNATI I

410 420. 430 440 450 460
An: YDDVTAYEFEEFVKAKKPDLI ASGI KEKYVFQKMGLPFRQMHSWDYS ELGDGVQMS )EV

470 480
An: RFFCEGRKKSL L -

Av: I E F

FIG. 3. Comparison of the predicted amino acid sequence of the a subunit of dinitrogenase from Anabaena 7120 (An) with partial sequences
of the corresponding proteins from Klebsiella (Kp), Clostridium (Cp), and Azotobacter (Av). Data for the other proteins are from refs. 14, 19, and
20, respectively. Conserved cysteine residues are circled; other conserved regions are boxed.

Chou and Fasman (28). The a subunit is predicted to contain
30% a helix, 31% sheet with 25 ,B turns, whereas the /3 sub-
unit should contain 25% a helix, 28% ,B sheet, and 28 turns.
A plot of the regions of a helix, /3 sheet, turns, and coil in
each subunit is presented in Fig. 4, along with the positions of
conserved cysteine residues. The only similarity appears to be
the positioning of three conserved cysteines (a-Cys-64, -90,
-156 and B-Cys-70, -95, -153) in the NH2-terminal third of each
subunit. In addition, a-Cys-64 and p-Cys-70 occur in random
coil and a-Cys-90 and p-Cys-95 both occur in /3 regions. Both
a-Cys-156 and P-Cys-153 are preceded by a coil-a-p config-
uration. However, a-Cys-156 occurs in a region predicted to
contain random coil, whereas ,B Cys-153 occurs in a short stretch
of a helix. The significance of these relationships will have to
await more detailed tertiary structure information, but they
suggest that dinitrogenase subunits fall into the second category
of related proteins described by Richardson et aL (29), in which
similar folding patterns exist within proteins having no clear

sequence homology. Low-resolution structural homology be-
tween the a and p subunits of dinitrogenase from Clostridium
has already been suggested on the basis of secondary peaks in
the rotation function calculated from x-ray crystallographic data
(5).
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FIG. 4. Comparison of predicted protein conformations (28) of the a and subunits ofAnabaena 7120 dinitrogenase, based on the amino acid
sequences of Fig. 3 and ref. 21. "T" refers to predicted turns and "C" refers to the positions of conserved cysteine residues.
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