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Short Sequence-Paper

Nucleotide sequences of two hydrogenase-related genes
(hypA and hypB) from Bradyrhizobium japonicum,
one of which (AypB) encodes an extremely histidine-rich region
and guanine nucleotide-binding domains
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Sequencing of a 1359-bp (Nrul-AccI) DNA fragment located approximately 5.2 kb downstream from the end of the hydrogenase
structural genes of Bradyrhizobium japonicum revealed two open reading frames designated hypA and hypB, encoding
polypeptides with predicted molecular masses of 12.3 and 32.8 kDa, respectively. Both hyp4 and hypB showed strong homology
with other genes in hydrogenase-containing bacteria. Two ‘C-X-X-C’ motifs were contained in the deduced amino acid sequence
of hypA, a motif that is present in all known products homologous to HypA. The deduced product of AypB contains an area
remarkably rich in histidine residues at the N-terminus (24 histidines within a 39 amino acid stretch). The deduced HypB also
contains GTP-binding domains. We postulate that the product of AypB is involved in nickel binding and accumulation, and may
utilize energy (GTP) to mobilize nickel for its subsequent incorporation into hydrogenase.

Bradyrhizobium japonicum, the N,-fixing symbiont of
soybeans, possesses an Ni-containing hydrogenase [1,2].
The enzyme couples the H, evolved by nitrogenase
into the respiratory electron transport chain, generat-
ing energy for N, fixation. The purified hydrogenase of
B. japonicum consists of two subunits (33 and 65 kDa)
[3,4] and contains nickel. The cosmid pSH22 contains
essential Hup (hydrogen uptake) determinants (includ-
ing the hydrogenase structural genes) and it comple-
ments many Hup ~ mutant strains of B. japonicum [5].
In addition to the hydrogenase structural genes, other
genes and loci on pSH22 located both downstream and
upstream of the structural genes have been found to be
involved in hydrogenase regulation [6], processing [7]
and nickel incorporation [8,9] into the enzyme.

To further understand the genetic requirements for
H, oxidation in B. japonicum, a 2.5-kb EcoRI frag-
ment located approximately 5.0 kb from the end of the
hydrogenase structural genes was isolated from pSH22
and bidirectionally cloned into the EcoRI site of
pBluescript KS II(+) (Stratagene, La Jolla, CA). The
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resulting plasmids (pKS2.5E2 and pKS2.5E4) were used
for making nested deletions by using the Exo/Mung
bean sequencing kit from Stratagene. Sequencing was
carried out in both orientations.

Analysis of the nucleotide sequence of a 1359-bp
segment (Nrul-4ccl fragment) within the insert DNA
revealed the presence of two open reading frames,
termed hypA and hypB based on their sequence ho-
mologies to other named genes from hydrogenase-con-
taining bacteria. Complete nucleotide and deduced
amino acid sequences are shown in Fig. 1. Ayp4 and
hypB encode polypeptides with predicted molecular
masses of 12.3 and 32.8 kDa, respectively, and all are
oriented in the same direction as the hydrogenase
structural genes, hupSL. Both hypA and hypB start at
an initiation codon ATG preceded by a putative ribo-
some-binding site and they terminate at a stop codon
TGA (Fig. 1). They are closely linked, and have over-
lapping stop and start codons.

Gene hypA encodes a polypeptide of 12.3 kDa (113
aa). The product of the hyp4 gene (HypA) showed
significant homology with Rhizobium leguminosarum
HypA [10], Azotobacter vinelandii ORF4 [11], Azoto-
bacter chroococcum HupA [12], Rhodobacter capsulatus
HypA [13,14), and Escherichia coli HypA [15). Interest-
ingly, HypA of B. japonicum also showed homology to



136

the product of ORFB from an operon adjacent to the
furmarate reductase operon of Proteus vulgaris [16].
Alignment of HypA with the homologous products is
shown in Fig. 2A. All seven proteins contain a ‘C-X ,-
C-X,_13-C-X,-C’ motif near the C-terminus (Fig. 2A).
This stretch of amino acids is usually characteristic of
metal-binding domains within non-heme iron proteins
[17] and can play roles in the binding of Fe-S clusters
[18]. The specific (metal-metabolism) functions of these
products are unknown.

Gene hypB encodes a polypeptide of 32.8 kDa (302
aa). HypB showed 56, 54, 53, 54 and 49% identity with
the R. leguminosarum HypB [10), A. vinelandii ORF5
[11], A. chroococcum HupB [12], R. capsulatus HypB

[13,14], and E. coli HypB [15], respectively. Alignment
of HypB of B. japonicum with the homologous prod-
ucts is shown in Fig. 2B. All six proteins contained an
‘MCTXCGC’ motif at the N-terminus, suggesting that
this motif is functionally important. Most notably, the
HypB protein contained an extremely histidine-rich
region near the N-terminus (24 histidines in a 39-amino
acid stretch). The histidine-rich areas span positions 16
to 54 and includes two runs of hist residues, one each
of six and five sequential residues. The area of interest
is HAHDHHHDHGHDHDHGHDGHHHHH-
HGHDQDHHHHHDHAH (Figs. 1 and 2B). This his-
tidine-rich region contributes a highly hydrophilic do-
main based on the Kyte-Doolitle scale [19]. Histidine-

Nrul
TCGCGAGGCCGGCCATGCATGAGATGGCGCTCTGCGAAGGCATCATTGGCATCGTCGAGGAGGAAGCGCGCA 72
HuoppA M H E M A L. C E G I I G I V E E E A R
AGCGCGCTTTCGCCAAGGTGAACGTCGTCTGCCTCGAGATCGGTGCGCTCAGCCATGTCGCGCCGGAGGCCC 144
K R A F A KV NV V CLETIGA ATLSUHBVAUPTENRA
TGCAATTCTGCTTCGAGGCCGTCGCCGCGCGGACCATCGCGCAAGGCGCCAAACTCGAGATCGTCGAGACGC 216
L Q FCFEBEAVAARTTIM A QG GA AT KTLETIUVET
CGGGCACGGCGTGGTGCATGGCCTGTTCCAAAAGCGTCGAGATCAAGCAGCGATACGAACCGTGTCCGTCCT 288
P G T A WCMMBABDTC S K S5 VEIIKOQT RYUZ&E?PT CU?PS
GCGGCGGCTATCAATTGCAGGTGACGGGCGGCGAAGAGATGCGCGTGAGGGAATTGGAGGTCGACTGATAUTG 360
cCc 666G ¥ QL QVTOGGTE EEMT®BRYVYVRTETLEVD*MC
HupB
TACGETCTGCGGCTGCAGCGACGGCAAGGCGTCCATCGARCATGCCCATGATCATCATCATGATCACGGGCA 432
T v C GG C 8 DG XK A S I E H A B D H H H D H G H
TGACCACGATCATGGTCACGACGGGCACCATCACCACCACCACGGTCATGACCAAGATCACCATCATCACCA 504
D H D H G H D G H B H H H H G H D Q D H H H H B
CGATCACGCCCACGGCGATGCCGGACTGCTCGACTGCGGCGCTAATCCGGCCGGCCAGAAGATCACCGGCAT 576
D H A HGDA AGTILUDLUDTU GCGA ANUZPA AGU QI KTITGM
GAGCAGCGACCGCATCATCCAGCTCGAGCGCGACATCCTCGGCAAGARCGATAGGCTCGCCGCCGACAATCG 648
S 8§ bR I I Q VERDTIU LSGIE KNDUZRTILAADNR
CGCCCGCTTCCGCGCCGACGAGGTGCTTGCCTTCAACCTTGTCTCGAGCCCCGGCGCCGGCARGACCTCGCT 720
A R F R ADEVLATPFPUNTILVS S P GAGI KT S L
CTTGGTCCGTGCCGTCTCCGAGCTGAAGGACAGTTTTGCGATCGGCGTGATCGAAGGCGACCAGCAGACCTC 792
L VR AV S EL KD S P ATIGVIEGTDUGQUO QT S
CAACGATGCCGAGCGCATTCGCGCGACCGGCGTGCCGGCGATCCAGGTCAACACCGGCAAGGGCTGCCATCT 864
N DA ERIURAT GV PATIN QUVNTSGZ KTGT GCHL
CGATGCCGCCATGGTCGGCGAGGCCTATGACCGGCTGCCTTGGCTGAACGGCGGGCTGCTTTTCATCGAGAA 936
DAA MUV GEARAYDI RTULUPWILNGS GTLULU FTITZEN
TGTCGGCAACCTCGTTTGCCCGGCAGCGTTCGATCTTGGCGARGCCTGCAAGATCGTGGTGTTCTCGACCAC 1008
vV GNL V CPAAMPFDILGEA AT CI KTIUVVU? P S TT
CGAGGGCGAGGACAAGCCGTTGAAATATCCTGACATGTTCGCCGCCTCGTCCCTGATGCTGATCAACAAGAT 1080
E G E DK PL K Y P DMUPAAS SLMULTINITEIKTI
CGATCTCGCCTCGGTGCTCGATTTCGATCTCGCCAGGACCATCGAATATGCGCGGCGGGTCAACCCGAAGAT 1152
DL A S VLDUVF¥ DL ARTTIZ EYARU RUVYVNUNUPI KITI
CGAGGTGCTGACGCTGTCCGCGCGCACCGGCGAAGGCTTTGCGGCGTTCTATGCCTGGATCCGCAAGCGGAT 1224
E VL TL 8 A RTGUZEGU FAATPF Y A WTITRIKT ERNM
GGCGGCGACGACGCCGGCCGCGATGACGGCGGCGGAATGACAATGGGCGGCGAGGCTACAGCACTGGACGGA 1296
A A TT P A A M T A A E *
_Acel
CGGCGGCTGCGCCTGCATGTGCGCGGCGCGGTGCAGGGTGTCGGCTTTCGTCCCTATGTCTAC 1359

Fig. 1. Nucleotide and deduced amino acid sequences of the B. japonicum hypA and hypB genes. Potential ribosome-binding sites are
underlined. The putative translation start codons are in bold. The asterisks indicate stop codons. The histidine-rich region is also underlined.



rich motifs were also found at the N-termini of the
HypB products of R. leguminosarum (21 hist out of 55
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OREFS5 products had fewer histidines than B. japonicum
HypB, R. leguminosarum HypB, and R. capsulatus

HypB, 12 histidines were closely clustered in their
N-termini. Such histidine-rich motifs likely function as
nickel ligands. All six proteins, including the B. japon-
icum HypB, had clear guanine nucleotide-binding do-
mains (Fig. 2B, residues indicated by asterisks) [20].

residues) and R. capsulatus (26 hist out of 96 residues)
(Fig. 2B); but the histidine residues of B. japonicum
HypB are more clustered than the corresponding genes’
products of R. leguminosarum and R. capsulatus. Al-
though the A. chroococcum HupB and A. vinelandii

A

B(jﬂy)ph MHEMALCEGIIGIVEEEARKRAFAKVNVVCLEIGALSHVAPEALQFCFEAVAARTIAQGAKLEIVETPGTAWCMA 75
Rl1BypA MHEMSLMESVIEIVCETARQNGATRVKSVRLDVGVLSHVNPDALIFCYEAVRHGTVADSATLEINRIAGEGWCLD 75
ACEUpA MHEMSIAEGIVOLLEFEQAAAQRFERVKAVWLEIGPLAAVEVESLRFCFEAVTRGSLARGARLEIVELPGRAWCIG 75
AVORF4 MHEMSIAEGIVQLIEEQAVAQDFTRVRALWLEIGPLAATEVESLRFCFEAVTRGSLAEGARLEIVELPGRAWCIG 75
RCBYpA MHEMSIVEGIRTAIEEAARANGFAKVTRVRLEIGRLAGVERAALDFAFDVVLRGSLAEGAAVQIIDLPGQAACFD 75
EcBypA MHEITLCQRALELIEQQAAKHGAKRVIGVWLKIGAFSCVETSSLAFCFDLVCRGSVAEGCKLHLEEQEAECWCET 75
PVORFB MHEITLCQSAFEIIDSQAKLNRAQKVKSVWMEISALSCVEVSALEFCFDIVCRDTIAQGCQLHIEVIPAKAWCWD 75
Consen MHE A v LF v A (o]

BjHYypA CSKSVEI-KQRYEPCPSCGGYQLQVTGGEEMRVRELEVD-- 113
RIBypA CGKTVAL-EERFGACPDCGRERVQMTAGDELKIRDMEVI-- 113
ACHUpA CNASVAI-RQRYDACPQCGSYRLQVTQGDELRVKELEVE-- 113
AVORF4 CNASVAI-RRRYDACPQCGSHRLQVTQGDELRVKELEVE-- 113
RCHYypA CGKTVEI-EHRLDICPECGGTRLLVQGGDEMRIKDLEVL-- 113
EcHupA CQQYVTLLTQRVRRCPQCHGDMLQIVADDGLQIRRIEIDQE 116
PVORFB CHQVVTV-STFRAGCPACGSQNLRVENDDAMRIKQIEIE-- 113

Consen C v CpP C E

(B)

BjBypB MCTVCGCS 43
R1HypB MCTVCGCG 47

AVORFS MCTVCGCA-
ACHUpB MCTVCGCA-
RcHYpB MCTVCGCGGESVEDQFKAHLKSQGKDGAHKPAPFAVLAEPQGPHSHSHSHWETHADGTSHAHPHAHSHSHAAGHG 75
EcHypB MCTTCGCG -EGNLYIEGDEHNPHSAFRSAPFAPAARRKMKITGI 43

Consen MCT CGC G

BJBYpB QDHHHEHDHAHGDA--=--=-- ~GLLDCGANPAGQKITGMSSDRI IQVERDILGKNDRLAADNRARFRADEVLAF 109
RlHypB EDDHHEAED-~--————————— -GSVHYSKGIAGVHVPGMSQERI IQVEKDILSKNDAYAAENRRHFERQGVFAL 108
AVORFS APAEAAPPAAGG-—————==—==] PNLHFGQGPARAHAPGLSQSRMLRIEQDILGKNDRYAAENRARFEALSLFVL. 100
ACHUPB APAEAAPLVVEG---=======- LNLHFGQGPARAHAPGLSQSRMVQTEQDILGKNDRYAAENRARFEALSLFVL 102
RCBypE AEADSDHPHAHGHDHGHSHGACAHDIHLGHGPAGTEVPGMSQARLIEIETDILSKNNQYAARNRAALAKNCTFAT 150
ECBypEB KAPEFTPSQTEE-——~——=~w=w= ~GDLEYGHGEAGTHAPGMSQRRMLEVEIDVLDKNNRLAERNRARFAARKQLVL 107
Consen A GS R EDLKN A MR

BjBypB NLVSSPGAGKTSLLVRAVSELKDSFAIGVIEGDQQTSNDAERIRATGVPAIQVNTGKGCHLDAAMVGEAYDRLPW 184
R1BypE NFVSSPGSGKTSLLVRTIKDLKDRLSISVIEGDQQTSNDAARIRETGARAIQINTGKGCHLDAHMVGHAVEDLAP 183
AVORF5 NLVSSPGSGKTSLLTRTIELLGRRRPLAVIEGDQQTDHDAARTRATGVPAVQINTGKGCHLDAHMVGHALARIDD 175
ACHUpPB NLVSSPGSGKTTLLTKTIELLGRHERPLAVIEGDQQOTDHDAARIRATGVPAVQVNTGKGCHLDAHMVGRAFEQLEG 177
RCBYpB NLVSSPGSGKTTLLVKTIEMLGAQ-PLAVIEGDQQTTNDADRIRATGAPAIQVNTGKGCHLDGAMVEQALAHLPL 224
EcHypB NLVSSPGSGKTTLLTETLMRLKDSVPCAVIEGDQQTVNDAARIRATGTPAIQVNTGKGCHLDAQMIADAAPRLPL 182
Consen N VSSPG GKT LL L VIEGDQQT DA RIR TG PA Q NIGKGCHLD M A L
* Rk * *

BJHYpDB LNGGLLFIENVGNLVCPAAFDLGEACKIVVFSTTEGEDKPLKYPDMFAASSLMLINKIDLASVLDFDLARTIEYA 259
R1BypB EPGSALFIENVGNLVCPAAFDLGEAHKVVVLSVTEGEDKPLKYPDMFAAADLMILNKADLLPHLDFNTGFCIANA 258
AVORFS LEGGLLFIENVGNLVCPAAFDLGEAHKVAILSVTEGEDKPLKYPDMFHAADLMLLNKTDLLPHLDFDVEACIAYA 250
AcHuUpB LDGGLLFIENVGNLVCPAAFDLGEAHKVAILSVTEGEDKPLKYPDMFHAADLMLLNKTDLLPHLDFDVEACIAYA 252
RCHypB PAGALLFIENVGNLVCPAAFDLGEDAKVAILSVIEGEDKPLKYPDMFAAAGLAILMKVDLAPYCDVDLDLYEANI 299
EcBypB DDNGILFIENVGNLVCPASFDLGEKHKVAVLSVIEGEDKPLKYPHMFAAASLMLLNKVDLLPYLNFDVERCIACA 257

Consen LFIENVGNLVCPA FDLGE K 8 TEGEDKPIKYP MF AAL NK DL
* * . o *

BjBypB RRVNPKIEVLTLSARTGEGFAAFYAWIRKRMAATTPAAMTAAE 302

R1BypB LRVNPRLQTLTVSARTGEGMEAFYAWLEVSAARRAIRSKVA 299

AVORFS RRVNPDIEVIRVSARSGEGMGEWLAWIFERQRGTRLRARIDALREQARALEALI, 303
AcHUPB RRVNPDIKVIRVSARSGEGMGEWLAWIERQRGARLRARIDALRAQAQALEALL 305
RCHYpB RRVNPQIEVLRVSARTGDGMGAWIDWLRAGLARKAR 335

EcCHypB REVNPEIEIILISATSGEGMDQWLNWLETQRCA 290
Consen VNP

Fig. 2. Alignment of the deduced amino acid sequences of the HypA (A) and HypB (B) of B. japonicum with the homologous products from R.
leguminosarum (R1), A. vinelandii (Av), A chroococcum (Ac), R capsulatus (Rc), E. coli (Ec) and Proteus vulgaris (Pv). Consensus sequence
(consen) is shown at the bottom. G-binding domains are indicated by asterisks.
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The ureE protein of the Klebsiella aerogenes urease
gene operon contains a histidine-rich region near its
C-terminus (10 of 15 residues are histidines) [21]. The
protein was demonstrated to bind nickel and subse-
quently provide nickel for urease activity [22]). The
product of the hypB gene, a guanine nucleotide-bind-
ing protein, was reported to be required for nickel
incorporation into E. coli hydrogenase [23]. It was
suggested that GTP hydrolysis took place during nickel
transfer between proteins [23]. Due to these previous
studies, compared to the now-characterized B. japon-
icum hypB, we propose that HypB ligands to and
accumulates nickel, and in a GTP-requiring reaction,
mobilizes the metal for its subsequent incorporation
into hydrogenase.

References

1 Harker, A.R., Xu, L.S., Hanus, F.J. and Evans, H.J. (1984) J.
Bacteriol. 159, 850-856.

2 Stults, L.W., O’Hara, E. and Maier, R.J. (1986) J. Bacteriol. 159,
153-158.

3 Arp, D.J. (1985) Arch. Biochem. Biophys. 237, 504-512.

4 Stults, L.W., Moshiri, F. and Maier, R.J. (1986) J. Bacteriol. 166,
795-800.

5 Hom, S.S.M., Graham, L.A. and Maier, R.J. (1985) J. Bacteriol.
161, 882-887.

6 Kim, H. and Maier, R.J. (1990) J. Biol. Chem. 265, 18729-18732.

7 Fu, C. and Maier, R.J. (1993) J. Bacteriol. 175, 295-298.

8 Fu, C. and Maier, R.J. (1991) Appl. Environ. Microbiol. 57,
3502-3510.

9 Fu, C. and Maier, R.J. (1992) Arch. Microbiol. 157, 493-498,

10 Rey, L., Murillo, J.,, Hermmando, Y., Hidalgo, E., Cabrera, E.,

Imperial, J. and Ruiz-Argiieso, T. (1993) Mol. Microbiol. 8,
471-481.

11 Chen, J.C. and Mortenson, E. (1992) Biochim. Biophys. Acta

1131, 199-202.

12 Tibelius, K.H., Du, L., Tito, D. and Stejskal, F. (1993) Gene 127,

53-61.

13 Xu, H.-W. and Wall, J.D. (1991) J. Bacteriol. 173, 2401-2405.
14 Colbeau, A., Richaud, P., Toussaint, B., Caballero, F.J., Elster,

C., Delphin, C., Smith, R.L., Chabert, J. and Vignais, P.M. (1993)
Mol. Microbiol. 8, 15-29.

15 Lutz, S., Jacobi, A., Schlensog, V., Bohm, R., Sawers, G. and

Bock, A. (1991) Mol. Microbiol. 5, 123-135.

16 Cole, S.T. (1987) Eur. J. Biochem. 167, 481-488.

17 Hennecke, H. (1990) Mol. Microbiol. 4, 1621-1628.

18 Beinert, H. (1990) FASEB J. 4, 2483-2491.

19 Kyte, J. and Doolitle, R.F. (1982) J. Mol. Biol. 157, 105-132.

20 Bourne, H.R., Sanders, D.A. and McCormick, F. (1991) Nature

349, 117-127.

21 Mulrooney, S.B. and Hausinger, R.P. (1990) I. Bacteriol. 172,

5837-5843.

22 Lee, M.H., Pankratz, H.S., Wang, S., Scott, R.A., Finnegan,

M.G., Johnson, M.K,, Ippolito, J.A., Christianson, D.W. and
Hausinger, R.P. (1993) Protein Sci. 2, 1042-1052.

23 Maier, T., Jacobi, A., Sauter, M. and Bock, A. (1993) J. Bacteriol.

175, 630-635.



