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Abstract

The glucose-6-phosphate dehydrogenase (EC 1.1.1.49) gene (zwf') of the cyanobacterium Synechococcus
PCC 7942 was cloned on a 2.8 kb Hind III fragment. Sequence analysis revealed an ORF of 1572
nucleotides encoding a polypeptide of 524 amino acids which exhibited 419, identity with the glucose-

6-phosphate dehydrogenase of Escherichia coll.

In cyanobacteria the dissimilation of fixed carbon
occurs predominantly via the oxidative pentose
phosphate pathway [11]. Glucose-6-phosphate
dehydrogenase (G-6-PD, EC 1.1.1.49), apart
from being the key enzyme for the entry of fixed
carbon into this pathway [see 14], has also been
implicated in the supply of reductant to nitroge-
nase [1]. Because of the central importance of
this enzyme in the transition from phototrophic
metabolism to heterotrophic metabolism in the
dark, the regulation of its activity has been the
focus of much attention. To date there are no
reports of the characterization, at the nucleotide
sequence level, of the G-6-PD gene (zwf’) from
any cyanobacterium or, indeed, from any oxygen-
evolving photosynthetic organism. Recently, how-
ever, the zwfgenes from several non-photosyn-

thetic bacterial species [3, 10, 13] have been
sequenced and found to exhibit considerable ho-
mology both with each other and with G-6-
PD genes from eukaryotic organisms. Conse-
quently, we utilized the approach of heterologous
hybridization to isolate and characterize a cyano-
bacterial zwf gene.

Chromosomal DNA from Syrechococcus PCC
7942 was partially digested with Sau 3A and used
to construct a library in A charon 35. A 1.9kb
Kpn 1-Xho 1 fragment from the plasmid pTC117
which is derived from pTC111 [3] and carries the
Zymomonas mobilis G-6-PD (zwf') gene was used
as a hybridization probe to screen the library.
One clone from the library hybridized strongly
with the 1.9kb Kpn I-Xho I fragment and con-
tained a 2.8 kb Hind I1I fragment which also hy-

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under

the accession number X64768.
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10 30 50 70 90
ATGACTCCCAAACTGCTTGAGAACCCGCTTCGCATTGGACTCCGCCAAGACAAAGTCCCTGAACCGCAAATCCTCGTCATCTTTGGGGCC
M TPKLLENPLRTIGLRO QDI KVPEPO Q@ILVTITFSEGA

110 130 150 170
ACCGGCGACTTAACCCAGCGCAAACTGGTGCCTGCCATCTACGAGATGCACCTCGAACGGCGTTTGCCGCCAGAACTGACGATCGTGGGE
T 6D 1LTQRIKTLVPAIYEMHLERRLPPETILTIUVG

190 210 230 250 270
GTGGCTCGGCGCGACTGGAGCGATGACTATTTCCGAGAGCACCTTCGCCAAGGGGTTGAACAGT TTGGCGGCGGCATTCAAGCAGAGGAA
VARRDUWWSDDYFREUHLR®GVEQ@FGSGGTI aATETE

290 310 330 350
GTTTGGAACACCTTTGCACAAGGCCTCTTCTTTGCGCCGGGCAACATTGATGACCCCCAGTTTTATCAAACCCTTCGCGATCGCCTTGCG
VWNTTFAQGLFFAPGNTIDD®P Q@FYQTULRDRILA

370 390 410 430 450
AATCTGGATGAGCTGCGCGGCACGCGGGGCAATCGCACTTTTTACCTCTCGGTCGCACCCCGTTTCTTTGGTGAAGCTGCARAACAACTC
N LDELRGTRGNMNRTTFYLSVAPRTFTFG GEA AAKSE EQL

470 490 510 530
GGGGCAGCCGGAATGCTTGCCGATCCAGCTAAAACGCGGCTGGTCGTCGAAAAACCTTTTGGCCGCGATCTCAGCTCCGCTCAGGTGCTG
GAAGMLADPAKTRLVYVYVEIKPTFGRDLSSAQVL

550 570 590 610 630
AATGCCATCTTGCAGAACGTTTGCCGCGAAAGCCAGATCTATCGGATTGACCATTACCTCGGCAAAGAAACAGTTCAAAACCTCTTAGTT
N AT L QNVCRESOQIYRTIDUHYLGKETVQQNILITLYVY

650 670 690 710
TTCCGGTTTGCCAATGCCATTTTTGAGCCGCTCTGGAACCGGCAATACAT TGACCATGTCCAAATCACGGTGGCTGAAACTGTGGGGTTG
F RFANATIFEPLUWNROQ@YTITD HVQ@ITVAETUVSEGL

730 750 770 790 810
GAAGGGCGAGCTGGCTACTACGAAACTGCTGGTGCTCTGCGGGATATGGTGCAAAACCACTTGATGCAGCTCTTCAGCCTGACGGCGATG
EGRAGYYETAGALRDMVQNUHLMOQLTFSLTAM

830 850 870 890
GAGCCGCCAAACTCTCTAGGTGCTGACGGTATCCGTAACGAAAAGGTCAAGGTGGTGCAAGCCACACGGCTGGCGGATATCGACGATCTC
EPPNSLGADG GTIRNEIKVKVYVQATRLADTITDIDIL

910 930 950 970 990
AGTTTGTCTGCGGTGCGGGGGCAGTACAAAGCGGGCTGGATGAATGGCCGCTCTGTGCCCGCCTATCGGGATGAGGAGGGAGCGGATCCC
S LSAVRGQAYKAGWMNTGRSVPAYRDTETETGATDTFP
1010 1030 1050 1070
CAGTCGTTTACGCCCACCTATGTCGCCATGAAATTGCTGGTCGACAACTGGCGCT GGCAGGGAGTGCCGTTCTATCTACGGACGGGTAAA
Q@ S FTPTYVAMKLLVDNWRWOGEGVPFYLRTGHK
1090 110 1130 1150 1170
CGGATGCCCAAAAAGGTGACGGAGATTGCCATTCAGTTCAAAACCGTGCCGCACTTGATGTTCCAGTCAGCCACCCAAAAAGTGAATAGT
RMPKKVTITETIAI QFKTVPHLMFOQSAT® QKVNS
: 1190 1210 1230 1250
CCCAACGTCTTAGTGCTGCGGATTCAGCCCAATGAAGGCGTGTCCTTGCGCT TTGAAGTGAAAACACCGGGTTCCTCGCAACGGACGCGA
P NV LVLRI QPNEGVSLRTFEVI KTZPGSSQRTR
1270 1290 1310 1330 1350
TCGGTGGATATGGACTTCCGCTACGACACGGCTTTTGGCTCCCCCACCCAAGAGGCCTATAGCCGCCTGCTGGTGGACTGCATGCTCGGE
S VDMDFRYDTATFGSPTO QEAYS SRLTLVDCMHMLSGEG
1370 1390 1410 1430
GATCAGACGCTGTTCACCCGCGCTGATGAGGT TGAAGCGTCTTGGCGGGTTGTGACGCCGTTACTCGAATCTTGGGATGACCCGCGCCAA
D@ TLFTRADEVEASUWRVVTITPLLETSUWDDTPRSZ®Q
1450 1470 1490 1510 1530
GCCGCTGECATTTCTTTTTACGAAGCTGGCACT TGGGAGCCGGCAGAGGCGGAGCAGT TGATCAACCGTGATGGTGCCGTTGGCGTCGTC
A AGI1 S FYEAGTMWETPAEAES® QLTINRDGEGAVGVYV
1550 1570
TCTAGGATCCCTGCAACCCAGCTCAATTCTTCTGGAGATGTTTGATGA
S RIPATO QLNSSGDV * *

Fig. 1. Nucleotide sequence and derived amino acid sequence of the 1572 kb ORF encoded on the 2.8 kb Hind III fragment frox
Synechococcus PCC 7942,



1

a.
b.

101

LDFCNLDVND
LFYATVWDITD
LFFAPGNIDD
FSYRAHDVTD
M N

201

HYLGKETVLN
HYLGKETVON
HYLGKETVAN
HYLGKEMVON
RRAAAE Y gk

301

PLORTRKNRT
DTVFTHTVTG
DOLSLSAVRG
AEVNKYFVRA
¥ H

401
LOPDEGVDIQ
LOPDETIQIS
IQPNEGVSLR
IDPKGAIELK
> ¥ #

501

PVASVAMI TR
PSTAIALAER
PAEAEQL INR
PEASDKLLAA
L B N

<« MAVTQTA
...... NN
RIGLRQDKVP
ceneae MVS

Pecv....TQ
PQFYQTLRDR
AASYAVLKEA
L2 B

LLALRFANSL
LLTLRFGNAL
LLVFRFANAI
IAALRFGNP1
o

RAIYCYPQGK
QYGAGYSGGK
QYKAGWMNGR
QYGAG. .DSA
Ha #

VLNKYPGLDH

MMVKEPGLDR

FEVKTPG...

LNAKSVE...
Ll -

DG....RSW
DG....VTWY
DGAVGVVSR!
NGDAWVFKG.
L ol -

QACDLV.IFG
TVSTMI.LFG
EPQILV,.IFG
EIKTLVTFFG
f M

FSRLGAMLDQ
FGKLADLCGP
LANLDELRGT
JEEAADKFD!
¥ ¥

FVNNWONRTI
FEPLWNSKGI
FEPLWNRQY!
FOAAWNKDY1
R

KVPGYLEEEG
EVAGYIDELG
SVPAYRDEEG
DFKPYLEELD

H

K.HNLQITKL
NGAHMREVWL
SSQRTRSVOM
DAFNTRTIDL
o

100
AKGDLARRKL LPSLYGLEKA GQLNPOTRII GVGRADWOKA AYTKVVREAL ETFM.KETID EGLWDTLSAR
STGDLSQRML LPSLYGLDAD GLLADDLRIV CTSRSEYDTD GFRDFAEKAL DRFVASDRLN DDAKAKFLNK
ATGDLTQRKL VPAIYEMHLE RRLPPELTIV GVARRDWSDD YFREHLRQGV EQF.GGGIQA EEVWNTFAQG
GTGDLAKRKL YPSVFNLYKK GYLQKHFAIV GTARQALNDO EFKQLVRDS! KDFTDDQAQA EA....FIEH
Hrer guge + § CREREE B B #* HE

200
KPLGTSLATS QEINDQVGEY FEECQVYRID
KPLGQDLASS DHINDAVLKY FSEKQVYRID
KPFGRDLSSA QVLNAILONV CRESQIYRID
KPFGTSYDTA AELQNDLENA FDDNQLFRID
hiod W B R R BE R i

KNRITINYFA MPPSTFGAIC KGLGEAKLNA KPA..RVVME
VEKGIAIYLS TAPSLFEGAI AGLKQAGLAG PTS..RLALE
RGNRT.FYLS VAPRFFGEAA KQLGAAGMLA DPAKTRLVVE
DGNRI.FYMS VAPRFFGTIA KYLKSEGLLA DTGYNRLMIE
HERE R RER HF 8 HER ET

300
DHVEITVAEE VGIEGRWGYF DKAGQMRDMI QNHLLQILCM IAMSPPSDLS ADSIRDEKVK V.PEVSSPHR
DHVQISVAET VGLEGRIGYF DGSGSLRDMV QSHILQLVAL VAMEPPARME ANAVRDEKVK VFRALRPINN
DHVQITVAET VGLEGRAGYY ETAGALRDMV QNHLMQLFSL TAMEPPNSLG ADGIRNEKVK VVQATRLADI
KNVQVTLSEV LGVEERAGYY DTAGALLDMI QNHTMQIVGW LAMEKPESFT DKDIRAAKNA AFNALKIYDE

HOERAEE PR HrERIE sk 8 EE B B P 22

400
ANKSSNTETF VAIRVDIDNW RWUAGVPFYLR TGKRLPTKCS EVVVYFKTPE LNLFKESWQD LP.QNKLTIR
..QPSDTETF VAIKAHVDNM RWQGVPFYIR TGKRLPARRS EIVVOFKPVP HSIFSSSGGI LQ.PNKLRIV
ADPQSFTPTY VAMKLLVONW RWQGVPFYLR TGKRMPKKVT EIAIQFKTVP HLMFQSATQK VNSPNVLVLR
VPADSKNNTF TAGELQFDLP RWEGVPFYVR SGKRLAAKQT RVDIVFKAGT FNF...GSEQ EAQEAVLSII
# YE P PRy pais S SRR ICHER R R R e &

500
DLSYSETFNQ THLADAYERL LLETMRGIQA LFVRRDEVEE AWKWVDSITE AWAMDNDAPK P..YQAGTVWG
DLSLTDVFKD RKRRIAYERL MLDLIEGDAT LFVRRDEVEA QWVWIDGIRE GWKANSMKPK T..YVSGTWG
DFRYDTAF.G SPTQEAYSRL LVDCMLGDQT LFTRADEVEA SWRVVTPLLE SWDDPROAAG ISFYEAGTVE
GWTVSDE.DK KNTPEPYERM IHOTMNGDGS NFADWNGVS! AWKFVDAISA VYTADKAPLE T..YKSGSMG
* ¥ [ i B R R A ol A L L B # * i

531

EFE.......
| J
PATQLNSSGD

v

879

Fig. 2. Alignment of the amino acid sequences of glucose-6-phosphate dehydrogenases from (a) Escherichia coli, (b) Zymomonas
mobilis, (c¢) Synechococcus PCC 7942 and (d) Leuconostoc mesenteroides obtained using the PILEUP program [6]. The * symbol
indicates residues conserved in all four sequences and the # symbol indicates where a residue found in the Synechococcus PCC

7942 protein occurs in at least one of the other proteins.

bridized strongly with the probe. This 2.8 kb
Hind T1I fragment was subcloned into pUCI9 to
yield pNUTI1. The nucleotide sequence of the
2.8 kb fragment was determined by the dideoxy
chain termination method following a combina-
tion of both random and directed subcloning into
M13 mpl8 and M13 mpl0. Analysis of the nu-

cleotide sequence revealed an ORF (524 amino
acids) of 1572 nucleotides followed by two stop
codons (Fig. 1). Alignment of the amino acid se-
quence of the predicted polypeptide encoded by
this ORF with those of known G-6-PD from pro-
karyotic sources using the PILEUP program [6]
revealed extensive homologies (Fig. 2) strongly
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suggesting that this ORF represents the authen-
tic zwf gene of Synechococcus PCC 7942. The
cyanobacterial G-6-PD was estimated to be 60 %,
similar (41%, identical) to that of Escherichia coli
using the GAP alignment program [6]. In addi-
tion, the predicted polypeptide includes the ca-
nonical sequence (DHYLGKE) of the active site
of G-6-PD [9] as recognized in the PROSITE
dictionary.

Numerous studies have been directed at anal-
ysing the regulation of activity of G-6-PD activity
in cyanobacteria particularly in connection with
the light-dependent control of activity. The
metabolites implicated in regulation include
NADPH [1, 12], ATP [8] and thioredoxin [5],
the latter having a role in regulating G-6-
PD activity in chloroplasts [2]. Thioredoxin can
function as a protein disulphide reductase and
has been shown to reduce the disulphides in cer-
tain proteins, such as the activation of chloroplast
fructose-1,6-bisphosphatase [4]. In this context it
is worth noting that the amino acid sequence re-
ported here for the Synechococcus PCC 7942 en-
zyme contains only two cysteine residues and
consequently both residues would be involved
in such regulation. Neither of the two cysteines
present in the cyanobacterial polypeptide are
conserved residues in the other prokaryotic en-
zymes and one of the cysteines (Cys-188), which
replaces a conserved phenylalanine in the other
prokaryotic enzymes, lies immediately prior to
the active site region defined by the sequence
DHYLGKE.
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