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A gene, dnuK2, encoding a distinct member of the HSP70 family of molecular chaperones is isolated from the
halotolerant cyanobacterium Aphanothece halophytica. The dnaK2 gene encodes a molecular weight of 68 kDa
polypeptide with predicted 616 amino acid residues. The DnaK2 protein has a structural characteristic of bacterial
DnaK homologues and shows high similarity to other HSP70/DnaK proteins. The dnak2 transcripts are hardly
detectable at 287 and strongly induced upon heat stress. It is also found that dnaK2 transcript is increased by
high-salinity stress even in the absence of heat stress. These results suggest that the DnaK2 protein plays an
important role in protecting A. halophytica against damage caused by salt stress as well as heat stress.
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F=dcH13]. o] § HSPE T4 = HSP70/DnaK fam-
ily7} & AEAN 74 2 BEH e A T4 syt
2 43A dx, AARES Fe AL 74 278
ZA8he 109 7)o HSP70 family2 FA =] glod, 9
g A%, & A9 HSPYO HAAE 7HA e Ao &
A4 rHel 2eiu A2 dYYEERY 1 7)e3 24
7177 AR g8 B9 HSP0 347 RaHs e
o, o= daAFo] ke 87 220 A7) 9
3}o] ThF3l molecular chaperone system& #3141 H 7]
g oz FHHE [5912]. F¥A cyanobacteriar 154
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B9 A=A} YA, 7FHLE ofF FAME 717E 7H
AL oA BH 2E# 2o U3 & 7)%o] 1FHEL
uj FAME Ao FARET. wEbA B4 cyanobacteria
o] HSP709) 7158 3] 1§48 ojx FEA o &
A= HSP709] 7)5S 4 & Ae A2E Az

B AHLS A haophyticad] )14 HSP70 homolog?!
DnaK¢] 7]52 98] 22} genomic library2 88 f4x&
cloningsfe] 11 Px9} thst 874 2EFH A Uig £

Ao FEFE R 5 AT

e @ gy

Bt L AEHA X2

A. halophytica’= Lee 5 [10]¢) "ol uizg} 18 mMe
NaNO;¢} Turk Island salt solution®] H7}g BG11 v} %]
(B2 28T, Fz7AstolA wigFstgct. 124 E st
A7) cyanobacteriag zt7te] =& HA ¥ waterbath
oA 30%7 FzAANA Atk § 2EH 29 A
2l 1597 0.5 M NaClo] #7tg sjA|ol A A7 Al
IE dAEEEid 2 3, 7479 ¥EE NaClo] 3H7Hd
uj Aol A} 3A17F A28t ATt

Genomic DNA librarye % ¥ screening

A. halophytica2 7€ 9] genomic DNAE Williams [19]
o] Wol wre} F2j3tct. ¥eld genomic DNAE F¥
#3832 lambda FIX II vectord] T 43t gnomic li-
braryg 33}t Library screeningg $3t probes
genomic DNAZHE duK §32 dH& PCRE F£3}
o AHg-stglTh PCR ¥H3-& 913 primer2 = AF7HA| B
1 AYNE Fadl Y HSP70 FHAEY FVIMEE 7%
238} oligonucleotides, hsp5N (5'-GG(G/T)ATCGACCT
(C/G)GGTACTACCA-3)3} hsp3C (5-GC(T/A)GCGGTGGG
(C/TTCGTT(G/A)AT-3)E Ztz} forward ¥ reverse prim-
er2 AMR3IATH ZZ 9 05 kbe PCRAE S H71M4E S
golsl & o2 PPz labelling}e] library screenings ¢
3t probeg AHEEHHTH

Subcloning % 7MYl ZY 24

M9hE positive phage clone®. 2 %E] phage DNAS =

Al AFaL ATE AT F, duak FAAE X3}
F #4 ©#HS pBluescript SK- vectord] subcloning 3%
3 AR5}y 9ste] £ej§ plasmid DNAS
oprarel A7) EE dideoxy chain termination o2
ALFexpress Auto Cycle Sequencing Kitg A}8-3to] AL-
Fexpress DNA sequencer (Pharmacia, Uppsala)2 2%}
Aok G7IME 2 olukxAb wlE e 42 Genetyx soft-
ware (SDC Software Development, Tokyo)& AH&-3ste] i
Yahget.
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Southern ¥ Northern blot &4

Genomic DNA (5 ug)E 7tzte] Agtasrs Aug ¥
08% agarose gel2 A7)99%3 T nylon membraneoy
blotting &t99t}. Probe DNA¥ t-& dnaK¢}e] homology
7} e 94 <) Cterminal®] EcoRl ©#(Fig. 1, nucleotide
1213-1975)& P2 labellings}ed dnaK-specific probe A}
4359 Membraneg dnaK-specific probeZ hybrid-
ization A)Z1 & 65T oA 0.2xSSCE 30%-7} 23] washing
3] Xeray filmo] =2 Al th

Total RNAE Lee 5 [10]2] o] ulet Eodtgon,
10 49 RNAEZ 1% agarose gel2 A7]9%539 nylon
membrane]] blotting3} 3 dnaK-specific probe$} hybrid-
ization A}Zi T}

2y 9 g

W44 cyanobacterial A. halophytica®] HSP70 homolog
1 dnaK F3A] 715S W37 98] genomic library
2XE dnaK FARE screening 3tH T 283 positive
cloneE 9] insert DNAE Algtg4A B2A8 AXE 47 &
Mo 2ge2 ERHAG 1F sue Lee § [10j0] B
3 FAASY FEFH ATEL HEEAE YehoH,
£ e oge FHEE i F2E Yt of
FRAY] @7IMES AAs B AR, 1975709 @71=
T e 89 AV RE 19398 F7i7kA]9] &
7Me} $AF open reading frame (orf)e VYEMAYL o] S
orf22 ) o] orf2= 6167]9] WA ofu|ito
2 7Y e FHHE EAFL 68 kDa o] At
(Fig. 1). %3} o}r|:x 2k A H-& BLAST software2 454
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TCTAGAAAAGCGCGATCGCGCAACAATTCGATACATCTT}\ATCCG@TTCGTTCGCATT“

hspSN !
AATTGTCAGGGGAGTCTCATGGGGAG}\GTTGTCGGGATTGACTTAGGCACTA CMCTCAGTTGTTTCTA

RehR
TAARCCGAGGGCGGGAAGCCATTGGTCATCGCCAATGCAGAAGGAACACGGACAACCCCCTCTGTCGTITAG
T E GG K P L VI ANABAETGTRTTP SV VS

TTTTARCARGGATGGGGAACTCTTGGTGGGTCAAATGGCACGGCGACAGTCCGTTTTAAACCCGCARARAT
F N KD GE L LV G Q M AR RZGQS UV L NP QN

ACATTTTITGGGGTCAARACGCTTTAT TGGACGGAARTACGCCGAATTAAGCCCTGCGAGTARGCGAGTTC
T F F G V KR F I G R K Y ARETLSPA A S KU RV P

CCTACACCATTCGTCGCGATGATGCGGGGAATGTCARATTACGTTGTCCTCGTT TGARARAAGAAT TTGC
¥ T I RR DDAGNUV KTILURU CZPRULIE KIKTE F A

ACCCGAAGAARTCTCAGCACGGATTTTACAGAAATTGGTGCAAGATGCTAGCCGTTATTTGGGAGAACCE
P E E I § AR I L Q KL V QDA AS ST RYLGE P

GTAACGGAAGCGGTGATTACTGTTCCTGCTTAT TTTAATGAT TCCCRACGCCAAGCCACACGGGATGCAG
vV T E AV 1 TV P?P AY FNDS QROQATRTDRAG

GACGCATTGCAGGGTTAG}\TGTCTTAAGAATQCTTMTGMCCCACCGCAGCAGCCCTCGCTTATGGGTT
R I A G L DV L R I L NEPTAARATLWRATY G L

AGATCAAGAAGAARAATAGTCTGGIGCTGGTGTTTGACCTCGGCGGAGGARRCGTTTGATGTTTCTATTTTA
D QEENS LV LV FDLGSGGTT FDV S IL

GAAGTCGGCGATGGCGTTTTTGAAGTGAGAGCCACCAGTGGGGATACGCAAC TGGGGGGARATGATTTTG
E V6D GV FEV RAT S G DPDTOQEL GG NTUDTF D

ATGAGAARATTGTTAATTGGCTCGCGGAAGAGT TTTTAGAGARRGARGGGAT TGACTTACGGCGCGATCG
E K I VN WL ATETETFTLETZ KTEGTITDTLTR RTRDTR

GCAAGCCCTACAACGCCTCTCAGARGCAGCAGAAAARGCARARAT TGAACTCTCTGGTGTCGGAATCACG
¢ A L QR L S EAAEI KA AMI KTIETILSGV G I T

GAARTTAARCTTACCGTTTATTACCGCCAGTGARAGTGGTCCGARGCATATTGARACCCAACTAGCGCGAT
E I N L P F I TA S E S G P KH I ET QL A R S

CGCAGTTTGAAGGCTTTTGTGAGGATCTCATGCAACGGTTACGCCGTCCCCTGAAACGCGCCTTTARAGA
Q FE G F CEUDTILMZGOQRTLIERKIRTETLIEKTR RATFIKTD

TGCAGGGTTACGCCCTGATGATATTGATGAAGTGGTTTTAGTGGGCGGATCARCTCGCATTCCCATGGTG
A G L R P DD I DEV VL VGG S TIRTIPMUV

CAAGACATGGTGCGAARCTTARTCGGTCGTGAACCGAACCARRATGTTAACCCTGATGAAGTGGTTGCGG
Q DMV R N L R E PN Q NV N P DE V V AV

TGGGGGCTGCGATTCAAGCGG?A;IQTCGCTGGAGAAGTGAMGACGTTCTTTTGTTAGI\TGTTAGTCC
G A AT Q A L A GE VYV KDV L L L DV 8§ P

CCTTTCTTTTGGCATCGAAACCATTGGTGGGGT GATGARRAAACTGATTCCCCGCAATACCACGAT TCCC
L s F 6 I E T I G G V M K KL I P RNTTTIP

GICCGCCGTTCGGATGTTTTCTCCACCAGCGARAATAATCARACCATGGTAGAAGTCCATGTCTTGCARG
VR RS DV F S TS ENNUGQTMVYVEVHVYV L QG

GGGAARCGGGAARTGGCTGCGGARAATARATCCC TCGGACGATTTAAGCTAACGGGGATTCCTCCCGCACC
E R EMAMaAMENI K S L GRFKTULTTGTI P P A P

GCGAGGCGTTCCCCAARTCCTGGTCTCTTTGGATT TAGATGCCARTGGAATCTTAAATGTGACCGCCATG
R 6V P Q I L VS L DLDANGTIULNUVTAM

GATAAAACCACTGGGCGTGAGCAAAGTGTGACCATTCAGGGAGC T TCTACCCTC TCCGAAAGCGAAATTA
DK TTGREOQSV TTIOQQGASTTULSETSETIN

ATCGGATGTTARATGATGCTGCTGAACATAGTCGCATTGACCAAGAACGGAARGAAAGAGT TGARAARCG
RM L NDAAEUHS R I DOQQERIEKTETZ RTVYVE KR

CAACCGCGCCGRAGCCCTCGCCGATAGCGCACAACGTCGC TTAARAGRAGTGGC TCTTGATTTTGGGACA
N RAEATILADSAOQRTU RTILIEKTEVALTDTFGT

CARTTTGCCAGTTACTRCCGTCGTCGTATTGAAGCCCTCATTGAAGRAT TACGAGAAAGTTTAGCCCGTG
Q F A S Y Y RRRTIEA ATLTI EETLRTETSTILATRTD

ATGATGAACGAGGAATCGATCGCGCTCAAGC TGACTTACARGATGCCCTGTATGAGT TARATCGAGAAGT
DERGTIDRAQATDTLUGQ?DATLTZYTETLNTRE V

CCGCTTACAATACGAAGATGAAGATGATGATCGAGTCGACTCCCT TTAGTGAGGGTTAATTGAGCTCGCG
R 'L Q Y E D E D DDU RV D S L *

GCCGCGAGCTCTAGA
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Fig. 1. Nucleotide and deduced amino acid sequences of

A. halophytica dnaK2.

Regions with homology to -35 and -10 heat-shock pro-
moters are boxed. Possible ribosome-binding sites (*)
are indicated above the sequence. Arrows indicate the
positions and orientations of primers used for PCR.

AAE AAE 2 1377}11 B 31¥ HSP70/DnakK ¢
AEH}Y 2L 45AHE Yeder, o f#:AE dnak2
2, 2 ¥¥d g DnaK22 27 F9stgr}. Dnak2: %
344 cyanobacteria @]9 DnaK B9l A5 2& 4%
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A& e o] Synechococcus PCC79429] DnaKe} 714 =
& 57%9] identityE, Synechocystis PCC68032] DnaK$d
55% 9] identityE ERSITHTable 1). 38 A. halophytica
9] DnaKlszt= 49%9] identityE yehlfio] & AE )9
DnaK homologdol = 73ty Hwd ¥e 4F54E
Ehfo] 7]5Hor Batd M2 O& 7%g 2728 7te
& YeER Ao g8 HSP/0 family= 72308 %
BBRog Uy =d 29 N-terminal %9 45 kDa®
9 A 325 9499 ATPase domaing 7}A ™ C-termial
ddo] HEATE Yo ¢F 18 kDa FE 9 peptide-
binding domaing 7}AE Ae g 4&x ded [7], o8
g 54L& DnakK2o = 2 HEF o] 3Ich @4 Dnak2
Sl A A halophytica7t 7} % 39 HSP70 hom-
o2 FAHUSG
8 E cohiE ¥ES OE %511’@%‘)1] 1ol M  heat
stresso] W& FHA} THY 2HL 3 gl
2ZHsigma-32)7} RNA polymerase 2 6}011 Ex
AMEE A Fog2 A o]FoZH5]. ©]# 3 promot-
er AL gjFE AHYEANA & HEHGE 35 9
(CTTG)3} -10 (CAT-T)2.2 dnak2 §ARp|ME
W97 A codon® 2 HE 39 bpo} 20 bp AFolA Z2} wt
HE QThFig. 1). o] 2A= LA g3 fre=e A
o2 BIH Synechococcus PCC79429] groESL operone [17]
K Synechocystis PCC68032] dnaK [3]
19 & 4FAE Ueho] o]& cyanobacteriao] A 9}
o] alternative sigma-32 S1x}ol) & 2EFHA ZA 3§
oAl X ¢ dnak2 f724¢] Hdo] 2HES v}
A. halophytica®] genomedl| Th& dnaK homologs
Ast=AE ZAFEH7] Y8t Southern blot #4315
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Table 1. Similities (identitly) among HSP70 homologue proteins from different organisms

Synechococcus Synechocystis
Organisms sp. PCC7942 sp. PCC6803
DnaK DnaK

Bacill 14 ) Pea, . Yeast
subtilis }IS) a;lé Chlorophlast A }gioﬁliy tea Cytosol
DnaK na HSP70 SSA1

A. halophytica

Dank?2 70(57)

68(55)

67(53)

67(49) 64(49) 63(49) 58(43)

Sources are: Synechocystis sp. PCC6803, DnaK [9]; Synechococcus sp. PCC7942, DnaK [12]; B. subtilis, DnaK [18]; E. coli, DnaK [1]; Pea,
chloroplast, HSP70 (L03299); A. halophytica DnaK1 [10]; Yeast cytosol, SSA1 [14]
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Fig. 2. Southern blot analysis of genomic DNA of A.
halophytica.
Genomic DNA was digested with Pstl (P), Xhol (X), Sall
(S) or EcoRI (E), and separated on 0.8% agarose gel.

9] Cterminal®] EcoRI ©HE specific probe23}
3 A3, dnaK2 FAZ ] AGEHE 2 EcoRI
ol RE AdFL Ao & MY hybridization
band?to] A& H o] dnak2 fAAE shtute] EAds A
o7 Z2g9rh a2y fulllengthe] dnak2 {AAE
probe® 3] EMF Az BE AFaA M 2 Ee
37089 band7} 77t HEHUATHAEH wIAA). ©eA A,
halophytica W& dnaK homolog7} 2 & 3 copies® &
AL on)sin, o]y3 AFE library9] screeningol A
NE g2 Adas de S YeiRd 239 94
3tE Ao]t}. Cyanobacteriaol] $1o]A] dnaK
2 A8t AL Synechocystis [3]19} Synechococcus [9,12]
o RIE v Yot 15 24zl s5d gsHE o4
A8 WA YA oo
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ARt w4

3 duKlds g 12E 3ude ke 7%
223517] 95t} A. halophyticaE heat stress A} & /}-_}A]
3 %, Z4zte] AL WE FHzte] WAL dukl-
specific probeE Al8-3lo] Northern blote 2 BEA3tA9 9.
2 A} Fig. 3Ad vebdntel 2ol duk2 FAxE 3
MR 0] 28T oA A7]7F & 2.1 kbS] transcript7} &
oz ZAFYoH, TN L&/t ZVHEFE EHF
o] 373 Zvsithrt 47 TN A7 phde FEE
U old e Adhe duk2t 2YHoE BAYE
ojn|ate] grpE-dnaKl operono] FAlo W@ H = f
Azok= e wrEokAe JERE A o|H, heat stressol
LR PER BESEEELLE
Wabh dukeel WO RAE FEE 2] sl

O

Sk

A Heat Stress(C)

28 37 42 47

rRNA

B NaCl(M)
05 1.0 20 25 3.0

2.0 kb

Fig. 3. Expression of the dnak2 gene under heat and salt

stresses.

A. Temperature dependence. A. halophytica cells were cul-
tured at 28C and treated for 30 min at designated
temperature. B. Effect of hyperosmotic stress. A. halophytica
cells were grown in the presence of 0.5 M NaCl at 28T,
transferred to the same medium containing designated
concentrations of NaCl.
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