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Three dnaK gene homologs have been cloned and sequenced from
cyanobacterium Synechococcus sp. PCC7942 using a set of primers designed
from two conserved regions of known dnaK genes. This is the first example of
triple genes for dnaK from prokaryotic cells. These three genes were derived
from different loci of the chromosome.  © 1994 Acagenic rress, 1nc.

The response to heat shock is a universal phenomenon. To date, all organisms
investigated respond to elevated temperature by the induction of a set of proteins
which have been specified as heat shock proteins [8]. One of these proteins has
an apparent molecular mass of 70 kDa (HSP70; bacterial homolog known as the
DnaK protein). Although the synthesis of HSP70 is enhanced under various
stress conditions, it also constitutes a major protein under normal growth
conditions and has been shown to be essential for cellular growth [5]. They
function as molecular chaperons which assist in the correct folding of other
polypeptides and/or their assembly into oligomeric structures but which are not
components of the final functional structures [3, 4].

Cyanobacteria are prokaryotic cells which have developed oxygen-producing
photosynthetic system similar to chloroplasts of higher plants. Under natural
conditions they inhabit in the area with suitable amounts of sunlight where they
are inevitably subject to a variety of stresses such as UV irradiation and high
temperature. Here we report cloning and sequencing of dnaK homolog genes
from a transformable cyanobacterium [11] Synechococcus sp. PCC7942. We
found three dnaK homolog genes in this microorganism.
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MATERIALS AND METHODS

Oligonucleotide primers

Oligodeoxyribonucleotides were synthesized using an ABI392 DNA/RNA
synthesizer (Applied Biosystems Japan, Tokyo). Mixed oligonucleotides
corresponding to two conserved regions of DnaK proteins were used as primers
for polymerase chain reaction (PCR). One mixed primer (forward) is
S'GG(T/ICYGG(T/C)AC(T/C)TT(T/C)GA(T/CYGT3' corresponding to the amino acid
sequence GGTFDV and another (reverse) is 5’CCGTT(A/G)GC(A/G)TC(A/G)
AT(A/G)TC(A/G)AA3T’ corresponding to FDIDANG. Primers used for inverse PCR
are Klu: 5CGTGGTTGTCGGCAGGGTT3' (corresponds to the nucleotide
number 1521 to 1503 in Fig. 1), K1d: SSCCAGTCGCACTCAGGTC3' (1955 to
1971 in Fig. 1), K2u: STTCAGTTTGAGTGGCGCTG3' (945 to 927 in Fig. 2) and
K2d: SCAAGAAGTCGGAAACCTTCT3’ (1365 to 1384 in Fig. 2),

DNA sequencing

The PCR products to be sequenced were cloned into Hincll site of pTZ18R
(TOYOBO, Tokyo) DNA. For larger DNA fragments, DNAs were sonicated and
the fragments 0.4 to 0.7 kb in size were recovered from an agarose gel by using
GENECLEAN II (Funakoshi, Tokyo). After blunting ends, they were cloned into
Hincll site of pTZ18R. Sequencing was performed by the dideoxy chain
termination method [12] using the Taq Dye Primer Cycle Sequencing Kit (Applied
Biosystems Japan, Tokyo) with an ABI 373A DNA Sequencer (Applied
Biosystems).

Southern hybridization

Genomic DNA (10pg) was completely digested with a restriction enzyme and
electrophoresed on a 0.8% agarose gel, transfer to Hybond-N nylon membrane
(Amersham), and hybridized with labeled probes specific for each dnaK. Plasmids
containing each dnaK gene was labeled by using Photo ChemiProbe Kit
(Takara Shuzo Co., LTD.,Kyoto) and bands were detected according to
manufacturer's instruction.

RESULTS AND DISCUSSION

By using mixed oligonucleotide primers, about 850 bp fragments were
amplified. The PCR products were cloned and nucleotide sequences were
determined. We analyzed sequences of total 7 clones and found that there were
at least three different sequences highly homologous to known dnaK genes.
These three genes were tentatively named orfl, orf2, orf3 respectively. Flanking
regions of orfl and orf2 genes were cloned by using the inverse PCR method
[10]. Southern hybridization of the chromosomal DNA digested with several
restriction enzymes indicated that a 2.7 kb Bg!II fragment was hybridized with
orfl probe (data not shown). Therefore Bg/II fragments of about this size were
isolated, self-ligated, then upstream and downstream regions of orfl was
amplified by using primers K1u and K1d. Similarly 2.0 kb Bg/II fragment was used
to amplify upstream region of orf2 with primers K2u and K2d and for
downstream region, 2.5 kb EcoRI fragment was used with same primers. Entire
gene sequences of orfl and orf2 and flanking regions were determined from
these clones. The reading frame orfl encodes a polypeptide containing 655
amino acids whose molecular weight is 71 kDa, while orf2 encodes for a
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AGATCTGACTGTGGCCAATGGAGACTCGGCAGAGGCAGTGTCGGAGCCTGATGTCACGGTTGCTTCTGGGCAGGAGGCCGCAGAGTTGGCCGCTCAATTG 100
D L T V A NG D S A E AV S E P DV TV A S G QE A AEL a ar QL

grpE
GCTTTGGTTGCAGCTGATCGCGATCGCCTCAAGACTGAGT TGGATGAGCAGAACAGCGCCTATCTGCGTCTCGCGGCAGATTTTGAAAATTTCCGGCGTC 200
A L VvV A A DURUDU RULKTELUDEQNS A Y LURULAW®ADVFENTF R R R

GAACCTTGAAGGAACGAGAAGAGCTGGAGCTGCAGAGTAAGCGCACCACGATTACTGAACTACTACCGGTGATCGACAATTTTGATCGCGCCCGCGCCCA 300
T L XK E R E E L E L ¢ 8 K R T T 1 T E L L P V I D NF D RAR A Q

AATTAAGCCTCAGGGCGAAGAAGCGGAGGCGATTCACAAGAGCTACCAAGGGCTCTACAAGCAACTGGTCGATTGTTTGAAGCGTATCGGCGTCTCGCCG 400
I XK P 2 G E E A E A I HK S Y QG L Y K¢ L VD CULI KT RTIGUV S5 P

ATGCGGGCTGAGGGCCAGCCCTTTGATCCCTCATTGCATGATGCAGTCCTACGGGARGAGACGACGGAGCATCCGGATGGCATCGTGCTCGAGGAGCTAC 500
M R A E G QP F D P S L H DAV L REETTEUHU®PUDSGTIVLETETLQ

AACGAGGCTACCTCTTGGGCGATCTCGTCCTGCGCCATGCTCTGGTCAAAGTCTCGATTGCGGCAGAGGAARATTCTGCAGCGGTAACAGAATAATCTCT 600
R H ALV KV s I A A EENSAAV T E *

ATAGCTCTTAGTAGACTCTTACCCTAGGCTAAACACTGGGGTAAGTGTTTACCTCATTCAGCACAGGATCATTTCAGGTAGCCACCTACACAAARATTTA 700
M
dnaKl
TGGGCAAGGTTATCGGCATCGACCTCGGCACAACCAATAGCTGTGTTGCAGTCCTCGAAGGTGGCAAGCCCATCATCGTGACGAATCGCGAGGGCGATCG 800
G XK v I ¢ I DL GTTNSCV AV L EGGI KPTI I VTNIREGTDR

CACAACTCCCAGTATCGTGGCGGTGGGTCGCAAGGGCGATCGCATCGTGGGTCGCATGGCCAAGCGCCAAGCTGTAACCAATGCTGAAAATACGGTCTAC 900
T T P $ 1 v A V GR K GD R IV GRMAI KU RUQAUV T NAENTV Y

AGCATCAAGCGTTTCATTGGGCGGCGCTGGGAAGATACGGAAGCGGAGCGCAGCCGCGTGACCTACACCTGTGTACCGGGGAAAGACGACACCGTCAACG 1000
s I X R F I G R R WEDTEA AEWR S RV T YTCV P G X D DTV NV

TCACCATCCGCGATCGCTTCTGTACCCCGCAAGAGATTTCGGCCATGGTGCTGCAGAAGCTGCGGCAGGATGCGGAGACATTTTTGGGGGAGCCAGTTAC 1100
¢ T P Q E I S A M V L Q K L R QD AZETTF L GEZP VT

CCAAGCCGTGATTACGGTGCCGGCCTACTTTACCGATGCCCAACGTCAAGCCACGAAGGACGCTGGAGCGATCGCCGGACTAGAAGTGCTGCGGATCGTC 1200
Q AV I T V P A Y F T D A QR QATIKUDAGATIASGULE V L R IV

AATGAGCCTACGGCTGCAGCTCTCTCTTACGGACTCGATAAGCTGCATGAAAATAGCCGCATTCTCGTTTTTGACTTGGGGGGCAGCACCCTCGATGTTT 1300
N E P T A A AL S Y G L D K L H E N S$ R I L VF DL GG S T L D V

CGATTTTGCAGCTCGGCGATAGTGTCTTCGAGGTCAAAGCAACAGCAGGAAATAACCACTTAGGTGGGGATGACTTTGACGCTGTCATTGTTGACTGGTT 1400
I L Q L G D S V F E V XK A T A GNNUHL G G D D F D A V I V D W

AGCCGATAACTTTCTCAAGGCTGAGAGTATCGATCTCCGCCAGGACAARATGGCGATTCAGCGGCTGCGAGAARGCTTCAGAGCAAGCCAAAATCGACCTC 1500
A D N F L K A E S 1 DL R QD K MATICQQRLREWA ASE QA KI

TCAACCCTGCCGACAACCACGATAAACTTGCCATTTATTGCCACCGCAACCGTCGATGGGGCACCAGAGCCGARGCACATCGAAGTAGAACTACAGCGTG 1600
s T L P TTTINLUPF I A TAT VDG AP E P K H 1 E V E L Q R E

AGCAGTTTGAAGTCCTAGCGAGCAACTTAGT TCAAGCCACGATCGAGCCGATCCAACAGGCGCTCAAGGACAGTARCCTCACGATTGATCAAATCGATCG 1700
F E V L A S N L V QA TTIEU®PTI Q QAL KD S VNT1TTTIDOQTI D R

CATCCTGCTCGTTGGAGGATCGAGCCGCATTCCTGCGATTCAACAGGCGGTGCAGAAATTTT TTGGGGGAAARACTCCTGACCTAACGATCAACCCGGAT 1800
I L LV G G S s R I P AI Q QA UV Q KPF F G 6 K TUPDULTI NP D

GAAGCGATCGCATTGGGGGCCGCTATCCAAGCTGGCGTCTTGGGCGGGGAAGTGAAAGATGTGTTGCTCCTCGATGTCATTCCGCTTTCTCTCGGCTTAG 1900
E A I AL G A A I QA GV L G GEV KDV L L L D VI P L S L G L E

AAACCCTTGGTGGTGTGTTCACAAARATCAT TGAGCGGAACACGACAATTCCCACCAGTCGCACTCAGGTCTTTACAACAGCTACCGATGGCCAAGTCAT 200G
T L GG V F T K I 1T ERNTT I P TS RTOQUV F TTATDG Q V M

GGTGGAAGTGCATGTCCTGCAAGGGGAGCGTGCCCTCGTCAAAGACAACAAGAGTTTGGGACGTTTCCAATTAACTGGCATTCCGCCAGCACCTCGGGGA 2100
vV EV HV L ¢ G E R ALV KDNK S$ L GRUF QL TG 1 P P A P

GTTCCCCAAATTGAGCTGGCCTTCGGTATTGATGC TGACGGCATTCTGAATGTTTCCGCCCGCGATCGCGGGACGGGCCGAGCGCAGGGCATCCGCATCA 2200
VP QI ELAVF G I DAUDGTIULNWVYV S ARUIDIRTGTGRAZ QG IR I T

CCAGCACAGGCGGCTTAACCGGCGATGAAATTGAGGCAATGCGACGCGATGCCGAACTCTATCAAGAAGCCGATCAAATTAATCTGCAGATGATTGAATT 2300
E I E AMRURDAEILY QEADZ GQTINTILZGQMTIEL

GCGGACGCAATTTGAGAACCTGCGCTACAGCTTCGAATCGACGCTGCAAAATAATCGCGAGC TGCTGACGGCAGAGCARCAAGAACCGCTTGAGGCCTCT 2400
R T Q F E N L R Y S F E S T L Q N NRE L L T AE Q C E P L

CTCAACGCGCTGGCAAGCGGACTGGAGTCTGTCAGCAATGAGGCTGAACTCAACCAGCTCCGGCAGCAACTTGAGGCCCTGAAGCAGCAACTCTACGCGA 2500
L NA LA S GLE SV S NEW AWEULNDIOQILRIQQQLEW AWATLIZKUOQQLYATI

TTGGGGCCGCTGCTTACCGCCAAGATGGTTCTGTCACCACGATCCCCGTTCAGCCCACCTTTGCTGATTTAATCGGCGACAACGACAACGGTTCGAACGA 2600
A Y R Q D G S$ V T T I P V Q P T F A D L I G D N DN G S N E

AACCGTTGCCATCGAACGCAATGACGATGACGCAACTGTGACCGCTGACTACGAGGCGATTGAGTAGGGCGATCGGGGC TGGGGCTAGACGAAGATCT 2698
T VA I ERNDDDATV T A D Y E A E *

Fig. 1. Nucleotide sequence of the Synechococcus sp. strain PCC7942 dnaK1
gene and of the flanking regions. The deduced amino acid sequences of the open
reading frames corresponding to DnaK1l and GrpE are shown underneath.
Sequence data of this region has been assigned in the GSDB, DDBJ, EMBL and
NCBI data bases with accession no. D28550.

polypeptide of 68 kDa containing 634 amino acids. These amino acid sequences
are remarkably conserved when compared with the HSP70 family from other
bacteria or eukaryotes, therefore orfl and orf2 were assigned to dnaKl and
dnaK?2 respectively (Fig. 1 and 2). The highest score 54.7% was obtained
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CGAGGTTCGGGAACCCCGCCTTGGAAGAGGGGGCGGCTCACCGGCAAGATAGTCGAAACTCAAAAGAGT TCACCCCTGTTGGCGGTTGGCCGTCAGCAGA 100

TGTAATCCCTCCCAAGCTGCACTATGGCCAAAGTTGTCGGAATCGACCTCGGAACCACCAACTCTTGCGTGGCTGTCATGGAGGGCGGCAAGCCCACTGT 200
D LG TTN S CV AV MEGSGIKP T V

dan!
GATCGCTAATGCGGAAGGTTTTCGCACCACTCCTTCAGTCGTTGCTTTTGCGAAAAACCAAGACCGCCTCGTGGGTCAAATCGCCAAACGCCAGGCGGTG 300
I AN A E G F T TP S V V A F A KN QDU RULV G QI A KU R Q AV

ATGAACCCCGAGAACACCTTCTACTCGGTTAAGCGCTTCATCGGCCGTCGTCCGGATGAAGTCACGAACGAACTGACCGAAGTGGCCTACAAAGTCGATA 400
M N P E N TF Y S V KR F I GRRUP D v T N E L T E V A Y K V D T

CTTCGGGCAATGCCGTCAAGCTGGATAGCTCCAATGC TGGCAAGCAGTTCGCTCCTGAAGAAAT TTCGGCGCAGGTGCTGCGCAAACTGGCCGAAGACGE  S00
S G N AV K L D S s N A G XK QF aPEZETI S A QV L R KL 2aEUDA

CAGCAAATACCTGGGTGAAACCGTCACCCAAGCCGTGATCACGGTTCCGGCCTACTTCAATGACTCCCAGCGCCAAGCGACCAAAGACGCTGGCAAAATC 600
s K Yy L 6 E TV T AUV I TV PAYFNDS QR QAT K DA AG K I

GCCGGCCTAGAAGTGCTGCGGATCATCAACGAGCCGACGGCAGCCGCGCTGGCCTACGGTCTTGATAAGAAGAGCAACGAACGCATCCTTGTCTTTAACT 700
A G L E V LRI I NEPTA AU ARATLH BYG LD XK S NEIRTI LV F N L

TGGGCGGCGGTACTTTCGACGTCTCGGTCTTGGAAGTGGGCGACGGCGTTTT TGARGTGCTGGCGACCTCGGGTGATACCCACCTCGGTGGCGACGACTT 800
6 G G TF DV sSs VLEVGGD GV F EVLATSGDTHULGGDDF

CGACAAAAAAATCGTTGACTTCCTGGCTGGTGAAT TCCAGRAGAACGAAGGCATCGATCTGCGCRAAGACAAGCAGGCTCTGCAGCGTCTGACGGAAGCC 900
D K K1 vDFLAGETFOQI KN NESGTIUDTIULRIEKTUDI KOQQATLUGQRTILTE A

GCTGAGAARGCCAAAATCGAGCTGTCCAGCGCCACTCAAACTGAAATCAACCTGCCC TTCATCACGGCAACCCAAGACGGGCCGAAGCACCTCGACCTGA 1000
A E X A XK I E L s S AT TU ETINULU®PTFITATQQDGUP K H L D L

CCTTAACCCGCGCCAAGTTTGAAGAATTGGCTTCGGATCTGATCGATCGCTGCCGGATTCCGGTGGAGCARGCGATCAAAGATGCCAAGTTGGCCCTGAG 1100
L T R A X F E E L A s DL I DU RCRTIUPV EQATI X DAK LA L S

CGAAATTGACGAAATCGTCTTGGTCGGTGGTTCGACCCGGATTCCTGCGGTGCAGGCGATCGTCAAGCARATGACGGGCAAAGAGCCCAACCAAAGTGTC 1200
E I D E I VL V G G T I P A ¢ A I VvV K Q M T G K E P N Q 5 V

AACCCCGATGAGGTGGTGGCGATCGGTGCGGCGATTCAAGGTGGCGTCTTGGC TGGGGAAGTCARAGACATCCTGCTGCTCGACGTGACGCCACTATCCT 1300
N P D E V V A I G AATI QG GV L AGEV KDTILULULDUVTUZPL S

TGGGGGTAGAAACCCTTGGTGGCGTGATGACTAAGTTGATCCCACGCAACACCACTATCCCCACCAAGAAGTCGGAAACCTTCTCGACGGCGGCGGACGG 1400
G vV E T LG GV M T K L I PRNTTTIU®PTIKIKSETTF ST AATDG

TCAAACCAACGTCGAAATCCACGTGCTCCAAGGCGAGCGCGAAATGGCCAGCGACAACAAGAGCTTGGGAACCTTCCGGCTGGATGGCATTCCGCCGGCT 1500
¢ T NV E I HV L Q G EREMA®ASDNIZKSLGTT FRILDGTI P P A

CCCCGTGGCGTGCCCCAAATCGAAGTGATCTTCGACATCGACGC TAACGGCATCCTCAATGTCACGGCCAAAGACAAAGGGTCGGGCAAAGAGCAGTCGA 1600
P R 6 VP QI E VI F DI DAWNUGTIILWNUVYVTAI KT DIEKTGSG KE Q 5

TCAGCATCACCGGCGCTTCGACCTTGTCTGACAACGAAGTCGATCGCATGGTCAAAGACGCCGAAGCGAATGCAGCAGCGGACAAAGAACGGCGCGAACG 1700
I T G A s T L 8 DN E V DR MV KD aEANAABABWDADIKER R E

TATCGACCTGAAGAACCAAGCCGACACGCTGGTCTATCAGTCTGAGARACAACTCAGCGAGCTGGGTGACAAGATCTCGGCTGATGAGAAAAGCAAAGTC 1800
I DL K NQAUDTULUVY QS E K QL S ELGDZEKTI S ADEK S K V

GAAGGCTTTATCCAAGAGCTGAAAGATGCCTTGGCTGCCGAAGACTACGACAAGATCAAGTCGATCATCGAGCAACTGCAGCAAGCTCTCTACGCCGCTG 1900
E G F I Q E L K D A L A A E D D XK I K s I I E Q L Q ¢ A L Y A A G

GCAGCAGCGTCTACCAGCAGGCTAGCGCTGAAGCTTCGGCCAACGCCCAAGCCGGTCCTTCCTCGTCCTCGAGCAGCAGCTCTGGCGATGATGATGTGAT 2000
$ § VY Q Q A S A E A S A NAOQAG®P S S5 5 S S s s 5 G D DD VI

TGACGCAGAGTTCTCTGAGTCGAAGTAATCACCTAGGCAGTTTGGGAATGAATCGCCGGGCCGCAAGGTCCGGCTTTTTTATGCTTCAGCCTCGATTCAT 2100
b A EF s E s K

TTCTGCGATCGCCCGGCTGARGCGCAGCTCACT TTCCCAACACGATCGCGGTTCGAGCGTCCCATCCAAGGGATACACTGAGCCTGTTCCTGTGAAAGAT 2200

CATCGAlbbLthLbLACCGAhALLLblbGCACCGTTGGCTGCACGAGCCTTGCGGTTAGTAGGTCTCGTCCTTGTTCTCTCTGTGCTCGTTGACTATGT 2300
A A S $ VvV A P L A A R A L R L V L vV L V.. §8 V L vV D Y V
or!?. 3
TGCCAGTTTGGTCGGTGCCARCTGGAGCGAACCACGTTGGTACGTGGCCACCAGCAGCCAATGGATCGATCGCGGGGTTGTGCCGCTGGTGGGCCTGACG 2400
A S L V G A N W S E P R W Y V A T S S Q W I DRGV V P LV G L T

TTCTGGTTTAGTGGCGATTGGCTCGCCCAACAACTCGATCCTTTGTCCGTCACGCAACARARACTGATCCGGGCGATCGCGCGGATTTTGCCCTTGGTGL 2500
F W F s ¢ D W L A QOQULDUP UL SV TQQQZKLTIRATIWBATZERTIILUEPILUV

TCACAGTCATTTTTATCCTGGCGGTCCCGATTCACCTCAGCAATGCCTTCACCAGCCAAGCCCAACGGCTGGAAGAAGT TCAGCAGCAGGTGCAGCAACA 2600
T v I F I L A VvV P I HL S NAFT S QA Q0RULEEUVQQQVQOQOQ

GCGACAAGCCTCGATCTGCAGTTTCAAGGGGCGATCGCTCAGCAGAAACAGCAACTGAAGCAGCTATTTGGCACCCCCGGCCTGTTTGAGCAAGTCAAGG 2700
R Q A s I € 8 F K 6 R S L S R N S N ~

CCAGCGCCARATTCCGGCCGATCAAGT TGGCGAGCTCGAAAAGCTAGTAGGCAARCCGGAAGCCGAAARTCGATCGCTTTGTCGATCAGCGTGCGGCAGAA 2800
GCTAAGCAAACCCAAGAAGCTGAAATCAAAGCGAACCAAGAGAAGCAATCTAACCTCATTCGCCGCGAAGTCACCGGCAATACGATCCGAACTTCGCTGC 2900

TTGGGATCCTGCTCGTCATTGGCTATGGCGGCATCAGCTGGGGCATCCTGCGCCAAAGTCCGARCCACAACTGATCGCTGAGCTGCGCCTCCTCTAGCGG 3000

CGCTTTAGCCTCGCAGTTGTCGGATCTAACACTCGCTGCGATCGCCCTTGATCCCCTGCCCCCCCGCGGAGGAGTCGGATTGTGTCACAGTGAAGCAGGC 3100
CCTAGCTGCTAGCGATCGCTTGCTGAGACTGGAAACTTAGCGCTGAGCCAGCCCAAGGTGCTGCGCTGTGACCCTTTGCCTCACTCCCCGAAGACCATGT 3200
CTGACGCCCCCAATCACAGCTCTCTTAGT TTTTGGCAACGGCTGCGGCAGGATTTCAARAATGATTTGATCGCCGGTTTGCTGGTGGTCATTCCCCTAGC 3300

AACCACAATCTGGCTGACGGCAGTGGTCTCCCGCTGGGTTGTCAACCTGCTGACAGGAATTC 3362

Fig. 2. Nucleotide sequence of the Synechococcus sp. strain PCC7942 dnaK2
gene and of the flanking regions. The deduced amino acid sequences of DnaK2
and Orf2.3 are shown underneath. Sequence data of this region has been
assggned in the GSDB, DDBJ, EMBL and NCBI data bases with accession no.
D28551.
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Fig. 3. Southern hybridizations of total cellular DNA with individual dnak
probes. Genomic DNA was completely digested with EcoRI (lane 1), BamHI (lane
2), or HindlII (lane 3).

between DnaK1 and Bacillus subtilis DnaK protein [14]. DnaK2 shares 82.3%
sequence identity with another cyanobacteria Synechocystis sp. PCC6803
protein [2] and 72.3% with Cryptomonas @ chloroplast protein [13]. This
surprisingly high homology between chloroplast and cyanobacterial protein is
consistent with the postulated cyanobacterial origin of chloroplast [6].

A sequence analysis of the flanking regions of orf3 is under way and we
observed extensive homology between orf3 and other dnaK genes, then we also
designated orf3 dnaK3. Representative clones of each dnaK gene were used as
probes for genomic southern hybridization. Results shown in Fig.3 indicate that
these three genes are derived from different loci of the chromosome. This is the
first example of a dnaK multigene family in prokaryotes except that a new
suppressor gene of hns-1 mutation in Escherichia coli has been found to encode
a protein homologous to the HSP70 family[7].

Some microorganisms such as B. subtilis [15] and Clostridium acetobutylicum
[9] have an operon consisting of the gene order of grpE-dnaK-dnaJ and the
others such as E. coli [1] have the order of dnaK-dna/. On the other hand, a
cyanobacterial species Synechocystis sp. PCC6803 is somehow unique at the
organization of dnaK homolog gene which is not accompanied with grpE or
dnaJ homolog gene [2]. It is interesting to know the gene organization of dnak
multigene family found in Synechococcus sp. PCC7942. At present, we identified
a grpE gene homolog upstream of dnaK1 (Fig. 1). The downstream region of
dnakK?2 exhibits no similarity to dnaJ region even at the nucleotide level. It
contains one major open reading frame named orf2.3 which has no significant
homology with known proteins.
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