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BES 9931
AT R R O B ST R O L oy FERE

BhFZEE  flik  TEHE (BREBEXE BFH S9EREER)
ERABIEE - A RIMBRERE BFN EWERILER)
ik BT BRERE BFH EWERCFH)
BN 29ABRERT BEH EWERILFER)

Bkl EEEEGEET CHEETIEBEROI DIBEWAAZBNE L TIFEZED TY
%5, FEEVEMEE. KR PR BEFEECOEIN. 2.5M U EOERERFETR
TOREFT 5 EEFEEL, ORI & FFREOEEZEEL T1s, B
FE TICHE SN WA EEAERBkOBESRIL. £ TTCOREEICEREDEZERU,
o TEEROEERECHERINIB S Tlah o7z,

& EERFHE B Halobacterium cutirubrum OFIIHIRZRR 2 IRIBE OEFIE T THREL
ATP /15 LICMNF72& 23, DnakK EOEAEIL2M U EOREEFE T TOAN T AIC
WE L7278, AT TE 24,000 DEREIIEHFE T T AT ATHE L, TOWE
BEREBEL TWAZEZ2TEIE-, TOEAEZEETSHIC N Kmy 2/ BELS]
EREL. T—IRN=ATRRELZE IS, %< OEY D Nucleoside diphosphate kinase
(NDK) S HHRMED®H V. H. cutirubrum @ NDK &EZ2 65Nz, ZOEBEENZL®
IZ NDK Thd Z Eld, BREEUIENS DN LNz, COBRETHEES D,
50mM Tris-HCl buffer, 2mM MgCLIZEN L THIEMEERREL. JOMNEIIEEFE
EHEEEEE LTI TOMATH S, NDK ITELRICES REINZEERERET
bBHEEDIZ @J%ﬂﬂﬂ@ﬂif@’f%m T B HIIRIRTFPEERT L TENWTS
D, ZHEEABE LU TEESNTWS, HLAVRDIZNDK L, LEEICHEZZDR
LiznwZ &m 15\ BERENESTHY, HEEOANZ AL EHATIREETIVRE
Z25N%, NDK EET2H8T5EMT. N KKy I BESICEINWT PCR 7
SA4—%EHL., 4/ L DNA NS IO N Kigla 22— N9 2% DNA Wi & #EiE L
T, 708V =LY UM@ITIcE D NDK B Faenktl/i-& 25, JOBRIGREY X
JBICED SN FRMEER O ERRE L Tz,

—75, BAWEF UL H. cutirubrum £ V53§ v X0 > DnaK &HZ#)0 TRIE L7z,
ZOEHIT. ATP 5 ANOREIIZ2ZM DL EOSRERZNEE L, PIEDEMEY X
JBEENEL, TD=D SDS-PAGE ETIEIBHENEE T, EEROHTFEIX 68,500
THHITHNND BT, BMNTOLFEIZ 97,000 12% 7)) &RUiz,

IOITELIL, A S OBEL - EERE (16S ribosomal RNA & {5 F DAL
Fl&EYsE L. Halomonas sp. EFIE) MHATF RO GroEL ¢ TREL., <
D ATPase {EVEOREEEZRNE,  HERENI EICZO GroEL EH® ATPase &
L EEE KCl OFEFCHES N, £z, REEMES®/ a-glucosidase 1k
LTy RO, T7abb [EMEREEERUERSE 2R h,
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BgES 9931
v BE R T P ORISR 0 MRS G TE B ORI & 1y F AR

BT - thk  ERE (BREXF RFER EWERLTER
LRABIEE BB RRERBRT BFEH)
ok BT BREBKFE RFH)
BN $0H(BEBKFE RFH)
1. HEY

IR, BREEE - AR TE THOREIZRL Tn5, LML, TOX
EMEEIEEICEIBE DR 2R T 2 BICRUARETH D, £ OFIA-CHHIEER DY,
BIFEICRE T 205013, T DTN SIIEIRITHER L Ty,

BEAEEIL. M~ AET TR E<EFT L. TOBEIIEN - ZEtic, Zh
ICHS T B HAETRT B HONEN, ZOLDIEE LY HROBERNHERE L 2 TnWBREE
TTE < IFENREENZ HH THATENL, 2<OFRMNGERRE TS ZENTE, X
51T, EEE - HEARICH LW IMGBEZ A 720 Sl S A Mt e DA %)
FIA%EbEZEND,

PESERNCHI 9% B CHAHEIERER 2 H72 1008 S LU <ITEREL TREREDEY ED
TOREBRRAEITI 72DITIL. BHIEFEFT—H GO0 BELmkiEsEzEL <
BERLTC, EED2REBICH ETHRINERNI T2 Z &b EERMR T RERETH
. FFEEMIEAE. EEEWEROBRENT S A SHEIEL 72NK D 1B TR
F B @~5 MKCD THY., FFRCHEICE KD TOEE X 2EUKERE TICH S
DT TDEIREH T TOEAEDOYT D 2/, 15T+ RO > OBRED M4
HEMEERER ORI &N RITBWT, MR EAEOES. EEREREOUTEC
BOWTHELHFLWHREEZ B EEZ N5, N6, FHIFEERROS FEREAN
DNEDHIATH 5,

RO BT, Q) BEMERMFERERON Ty X0 (B a v /&R
Hsp70, Hsp60) DFIE &M,  (2) mEMENHRREEEL, HEEHSMILT &
12, HAFEERE CEAOENE, BERD - {HHLOMBREMIAT S 2 &, (3) IHEIEEEE
OEETEMEL, BEMEEEEELUCRETS ., THhD, BT,
BEELTEHEFEELD, HF>vyXOy DnaK &H (Hsp70) & Nucleoside
diphosphate kinase NDK) & 28 LUETIMEIE L THWS, £, RADEHE
SRIN BT - P EEREORIE S, ZOEMN S0 T v RO GroEL OfEHL -
HEMEFEITY ZEEAME U,

2. FHik
T EEAFHRE Halobacterium cutirubrum O, SGC (1% yeast extract, 0.3%
Na-citrate, 0.2% KCl, 2% MgSO,, 0.0023% FeCl,, 0.75% vitamin free casamino acids,
-201-
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pPH7.0)-3M NaCl Z = P, HErFEE Halomonas sp.#43 O#5id, NB(1% beef
extract, 1% polypeptone)-2M NaCl ZH iz,

EERPEE H cutirubrum 7 0EY — 2 DNA OFR#IE. Mevarech 5D AIEICE -
722,37 h B, Efk% 10mM Tris-HCl buffer, pH7.5, 10mM MgCl, F T L . phenol
T2EHIH U, KB 0.5M NaCl &8O LY J—)IVEMA, WEL TEZ DNA 2
TS5 AREEE Lo TERLL T2,

PCR #:l3. 8% 0#iElL Vent DNA polymerase % i\ 7z, 16S RNA E{xTFD/ O
—= 2712k, Taqg DNA polymerase 2 Wz,

ATP 7 7 10— Z (SigmaA276 7§ % Bio-Rad polyprep 7 7 AIZD%H, 50mM Tris—
HCl buffer, pH8.0, 25 mM KCl, 2mM MegCl, ¥ Tk Uiz, B> 7V ENT Tz,
[l buffer TH 5 A ZFE L. 3mM ATP 25 A buffer TS L7=EHZEEH L7z, SDS-
BUTZUIVT I RESZUKE) (SDS-PAGE) 13, Laemmli OFEERAWE 2.  EHE
3. Lowry dEZWTERLRZ?,

GroEL @ ATPase {EMEZ2HIET 5 KIH%RIE, ImM ATP, 50 mM KCl, 5§ mM
Mg(CH,CO0),, 30 mM Tris-HCl buffer, pH8.0, £4UZ GroEL &U. 37 C T4 04
KisS®7=, Kiad. perchloric acid #1Z 2 Z & TR T S8, AR UZHERED 2
% Lanzetta ¥ CHlE L °,

GroEL OEZXREU[EEEML. RETEMI B8R a-glucosidase ZHWT, R
REFRTHIEICKVESRLUEKRD, TORICIFT 2 GroEL EHOD a-
glucosidase EHDBEER UIRICHT 28R 240 Lz, 0.35 mM a-glucosidase %
10 mM phosphate buffer, pH7.0, 8 M urea, 1 mM EDTA, 2mM dithiothreitol H1, =2
BT 1R RS X878, 0.1 M Tris—HCl, pH7.6, 10 mM KCl, 2 mM ATP, 10 mM
MgCl,, 147 nM GroEL 14-mer #WEHIC 100 5L, HRE3 03B EIT, a-
glucosidase FEHEZHIEL. ZOEEREEEROEEE U,

a—glucosidase {E£l%, 50 mM phosphate buffer, pH7 .0, 5 mM p-nitrophenyl- «
—glucopyranoside L0735 RIGRT, 3 7C, 1 5aMKIES . #i#EE 0.1 M Na,CO;,
EMZTRIBZ D, 400 nm OIFEEEZRIE Lz,

3. DHERR RO ER
3. 1. EEIFEEEERAT L v <0 > DnakK B OMERE

BRI UOH S 2 SIS TE R CHRE T B0 73 v RO OB £ IR S BN TRIE
FHEEOEEN TS v RO Dnak OBt IR EENE Uiz,  MEEEE H.
cutirubrum % 42 C THEBHI RS a v 7 EHDOGREHEE Lz, —&IZ DnaK &
ATP 515 A3 L, ATP 1ok > TSN AR ER> TWH DT, F L i
WZE, 0, 2, 4 M ® NaCl #E FT ATP-7 HO—ZH 5 AT, 3 mM ATP TI&
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HUz, TR 2 M LLED NaCl #E FTOH», BINFOHF& 97,000 FHEICykE)
THEANS FEne (®1) .

Z I TZDEANY RE PVDF EICEEL, JO5A 22— T2 —TN K7
3 R NE LT & 23, H cutirubrum @ dnaK #ETFmbBRESNET S B
By &E—B Lz,  E5IT, oEYmEO Hsp70 (Dnak) EHESEWHEIMEZERL.
H. cutirubrum @ DnaK #EHTH 2 ZENR<RRENZ (K2) . LML Z0EH
[ TBETFESIDN S 2 TFE 68,495 TH O, ANTONFEERIENVND >, Bk
13, FARTEO ORI SEZ ZOEAE N T 20U, NEY 2 ) BESIBR
LD, WO dnaK EETERIIMNSHEEI NS b E—FH L (K3) . I T,
dnaK #fsT7% PCRIETHIE - 7L, KEEFBIN & — pET3a (&7 0—2A1kL.
mn%mK%%%Lto:@%ﬁNbﬁ—%k%%anmﬁ)tﬁxbumKEEé
R I|EZA, 30 97 kDa FfhRICH ZERN> Rz (K4) .
DFERMN S5, H. cutirubrum ® DnaK |, B> 3w/ TiHEIN, 2 M LD NaCl
HIE R T ATP #EAEMNZEDOMN, SDS-PAGE L TIIARD ) TR E B =Bt
BEEZRTZEMHBHALEZ.  K2IORLELDIT, SEMEEH®D Dnak &AL
BHEY I ) BOSERMIOEYRED S DIZHRTHEEICE L. ZNERET SDS ®
HEBMDRL, BOREDICEBONTRIDBHED/NS WBIKEIEN 5 LHES
Nz,

3.2. WEFHER® Nuckeoside diphosphate kinase OB E#mT 7 O—=
>

BEE TIKRE SN TW S BEFHERBRROETORALEIL, TORERICHBEDE
DEFEENEETS 9, i, 27 v_02 DnakK BEKTHD., TOHINSEHA
BEBEICERT S LIRS TR, ﬁﬁ@@i@mn#@@bmmkgmgaamo
TWw3,

B4, LR EEE B DnaK BERZESET 28D ATP I 7 ADERICHN
T, NaCl REENN0 TH ATP 1 5 AMTRFET 2 HNT O TH 24,000 OEAEZFER
L7z, ZOEAEEFEETHHEHMT, SDS-PAGE #%. PVDF HEiciE L, 7O
TA =TIk N Ry 2/ BESIZHE LT &2 A, £ < OMOAEYH
k@ Nucleoside diphosphate kinase IZ@&WHRIMEZER Uz, WIEFEF TS, ATP
ATLTPAET D ENIEEL, COBEMEIGFE F COBRELERRTT 52 L2
IRBL, SETIRBWED TBLWEETH oz,  TEROIFENRRERRD, &E
IR L TZORMEEEAS MU, RO AN = A AEBRT 2 EEET IR &7
5 EEZ BN,

KHEROBERIEEZ ATP D50 VBED TDP ANOEBEEE LU THIE L, /&
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bBERKT S ADP % pyruvate kinase & lactate dehydrogenase Z3#fzE T
NADH @ 340nm OWLEDRD & UTHIE Lz &2 A, I T THMNMIEET
9" 200 wmole/min/mg EH BEOEEZRL.

ABEHRL, HIEFE TR TD ATP AT ARIEET 20N fiDlFEEAEL2TORHREIRD
DL FTEMELTH T AIIEELRWOT, TOATP 715 A—EITH 600 frisi .,
97%LL E¥—IciEEl SNz,

KT, AMBEETOYO—2 7 ElAIz,  ABERO N RKiny 2/ BESERZE
% &2 PCR 794 ¥ —%835t L. H. cutirubrum 7 0EY—ADNA XV, ZOmHEZE
a— K92 DNA Wi OgiREZERAZ.  HEECERMR 27 0—TE LTI N T
DR TmE A, BN ORIEBERML A BV THE—ONT TUNY R 2R
7z, AT BN RETHO-AFNNEEVHL, pUCIY IKD/Ean=—/N\1 7Y
T JO—2EAD V-2 Uiz, BRICRENY O— > ORI ZRE L2
L 73486 HIHM SR, REITRT &L, YN NDK IZEWHRR V25
DB TFAEE TE .

MR 5 EHE X N EA DN TFEIT 18,065 &720 SDS-PAGE 12K 2 AT D5
FREONRD/NEDST, T BESIZ2MAENODO LR L&A, FHREMEE
HSRDEH DR E SNTWHEIEY 2V BERMARICZ <. Z07koiiit Dnak &
ke, SDS-PAGE TOANMFDHFEN, ERIOKZBEREINIHDEEOND,
B, NFE CORBETORBZRNTTH D,

3. 3. EEEEE RN T v X0 > GroEL OB

Trald, HERERED 55 < OFHTEMERENBL. REL TV,  OKF
BEROHN S TWHOIESE] L0NBEL - #43 #REAWTH T v X0 GroEL &EH
EREEIL, ATPase {&MEP. ZHEADEER UBEEEZMRN,

9, O #43 BOBEHET 2 BT 16S ribosomal RNA OHERS %37z,

16S ribosomal RNA #=FE4 (89 1.5Kb) % PCR L TR L T OEERS 21k
FEL, F—IR—REHMLTZE A, PEREETH S Chromohalobacter JElE M
7\ Halomonas JE#E & BB Z R L, #43 HIIEATH D 2 &5, TO#43 b
1%, Halomonas J&flied & HEE L7z (6 ).

/3F3 v RO GroEL I3, 83 v 7 RAD—a0 TRiRERIC X o KB EM
BIzE T 5, NB K 42C #5386 T 60kDa FHEICH 5 MK BICHEE GRS N EE/N >
RAER I Nz, KBE GroEL IS A HMETT A/ T Oy h&EfTolk L A5
MMTHEIN, TND#43 HkD GroEL LHEETE Tz,

JRER 10g DA% 0.15M KCl 258 50mM Tris-HCl buffer, pH8.0 IZffE2.
TR Uy S0 EBS SIS Lz, Z9% 200,000 X g, 1R BEOMHEL
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20 LA %E 30-60%EFI THZE L T, 2% Sephacryl S-300 71 I AT IV A1l
L7, SDS-PAGE & A/ 710w b T GroEL By &k L. ZOEN % ATP 71 5 A
W3 X w7z, 3mM ATP TIAHEERL. B DEAE-SPW 5 AINI7ZE S5,
B E TRk ("7

Z ORERVERONFIRY X BEA 2 RE Lz & Z AR 8 ITRT K D 1T, KiGE GroEL
O N KBS & EWHERIEZER L. GroELEATH S ZENFEETE /.

— W7 GroEL ZERl3 ATPase {12 Hi> TWB DT, 4 GroEL 43D ATPase O
B EFNJz, ATPase {11 37 C T 60 43 [HIEHRAY T L, 2R pH 13, pH8.O TH
S, AEEEITHENEWCERETHD, 60 C, 15 DM THE 50%DIEEE IR
BT\, ATPase IEHEICKT T BHOBEE RNz, ABRIIKZERL, 50mM 2N
BEBEETHo ., NaldRWEEERERL. K3EE T THIRWEEERZRLZ,
BIRZEV L, ATPase {EIEDIRIBEKRFETH 5, FEMERHRTH 2ITHNND5
9, A< ATPase &ML, BWHEEE CIERMENHE SN, 1.0M KCI#E F T #940%I12
EMEABREE Nz, —F, &L CIEFRERTH S KIBE GroEL @ ATPase
EVEC R ARG ENE L E 25, 1.0 M KCILAE FTH 100%01EEZR U7z,
JEREEOBEAN Natd L <13 KEEITR IM EHESNTH0 0 ZORERITBIREN.
N T T 5 D ORER THEEL TS OHbANR, & ATPase ORI
PAEFRIZE B, ATP DA ZRFRICHEE L L, GTP, CTP,UTP, ADP, AMP Z%£:<
HEELholz,

KIZ. A GroEL OZMEFEE R ([GEEEEHE Uiz, ETVEEE L TOLNER
BH&LT, BREED a-—glucosidase # 8M RETEMEIHTHWE. EtEa-
glucosidase % 100 5B DEXFK L buffer ICIRE L T, REREZ—KUT 100 EFHRL.
Z DD a-glucosidase DEHEMLOEREZEIRVIERE Lz,

ZDLMTF T, £ a-glucosidase DHEFIEZRDIL 5XRETHLDITHLUT
GroEL & ATP/Mg OB T TIE 15% <5 WOBR D %20 51, GroEL @ ATP 124k
HBLFPER UBEEEMBE SNz, £/-. GroEL OfEhRT &L TD GroES HEHZ
MRTZET S, IHICENER UBERENE (24%) 780 51k, AERTIE. HIROK
JE R ek L GroES BH 2 AW TEIHBENRO 5Nz T FUY T LARMEIERT
1%, GroEL-ES ROEHMEND 2 Z AV L Tz,

PLED XS, FEFEEMED 590 T GroEL ZEAZE—ITHERL. TON Ty
ROYVELTOEE, ThbbEMEADEER UGEGEEZIET 2 ZENTE R,

4. SGROME
BRI L DO T DnaK BHZFREL. ZOEMITOLRENIC 2 M L Lo %
PRS2 EANEAL T2, C OB EKBE TRE S8/ & 25, SDS-PAGE T native
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BAERBEOMBICEANY RERETE, 57813, 0 KRGEMIRRN TIIENS
LTW3 EEZ 515 DnakK &EAE O refolding &2 %7, HE JTZJJAEﬁ\aBé

Kz, Bl BEFEEBRTHIICHNNDET, TOREELERCERERZ
- ESRLU72WEEE Nucleoside diphosphate kinase Z¥H, L7z, (_O)%ibi—/kff%lw%
W, IFENEERE S L TOMEZRRIL TRY, D TERGEVWER TH 2, BETO/O
—Z IR LD T, S8 KBES, HEE TORBERZHEL. TORRME
DR  HECHERE EEOBBREHS NI L TOERN, £z, ZO&EERTFIyROr
AN, HOPEEREAD L IL, BETEANEI N METT 208N H 5, —H. H
cutirubrum EifkHi3%® NDK BHICDWTIL, BENAREOT, KEFSUEHS. B
FYLEER) - M LEMEE ZH S ML T E N,

BBIC. BR&IHEMFEED 5 bFIDTHT v XO> GroEL OfFfEZa 254
BREXREUBEES ONZICHY U, GroELEH®D ATPase I, EEE KCl
Tk o THEENS &S B SEEEIE SN, MR TIIMUC FI 5 DR TF-D A
DN, BPTREFETH S, £/ SENE EEEEEERUGESNE) ORlE
. BBEEIEEE FTTo 720N HOMROMIAICHEEA S 2N 5,

PLEDXSic, EEEEBSk® DnaK, NDK %, HEAEEBSROD T vRO >
LDOMBIDERTEZDT, HEMEREROENE. R, FEMHL, 4 ICO0WTRFZET
T8, FEMEEEOXVIELNFIA S, RENICEIA TFEREZD I L TP ERN,
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(kDa)
97

M1 2 3 456 71234 567 1t 23 45 67

A B o3
0 M NaCl 2 M NaCl 4 M NaCl

Fig. 1. SDS-PAGE analysis of eluents from ATP-agarose affinity column chromatography.
Halobacterium cutirubrum cells were grown at 42 C and cell homogenates were prepared. The
concentrations of NaCl in. the buffers used for cell disruption and ATP-agarose column
chromatography were 0 (A), 2(B) and4 M(C). lane M , low molecular mass standards (BioRad)
; lane 1, crude homogenates (20 pg of protein) ; lane 2, flow-through fraction from the ATP-
agarose column; lanes 3 and 4, first and second washes from the ATP-agarose column,
respectively ; lanes 5, 6 and7, first, second and third eluted fractions from the ATP-agarose
column, respectively. The arrow shows the position of 97KDa protein.

Acidic amino acid
Amino-terminal

Proteins . . residues in the
amino acid sequences whole sequence °
(%)
97 kba Band I — =
protein ASEKILGQVDLGTTNSAHAVME

DnaK from

Halobacterium M|AS ILGV)DLGTTNqAFAVME 23.2
cutirubrum

Halobacterium M ASNKILGIDLGTTNSAFAVME 24.3
marismortui

Methanosarcina MAKILGIDLGTTN CVJVME 15.8
mazei S6

Bacillus M IGIDLGTTNSCVAVLE 17.7
subtilis

Escherichia MGK|I IGIPLGTTNSCVAIMD 16.5
coli L

Fig. 2 Alignment of the NH,-terminal sequences of Band | protein from Halobacterium

cutirubrum (this study) and those deduced from several Hsp70 genes.

N-terminal sequences of Hsp70s from Halobacterium marismortui, Methanosarcina mazei S6,
Bacillus subtilis and E.coli are shown in the middle column. The sequences in the thin and bold lined
boxes were commonto six and two species, respectively. The numbers indicate the percentage of

acidic amino acid residues calculated from the deduced amino acid composition in the whole
sequence.
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MASEKILGVD

LGTTNSAFAV

13 3

MEGSDPEIIT

(1)
QNPDOTIAST KRHMGEEDYT

PAYFNDRQRQ
ILDLGGGVYE

EAKIELSSRK

ATKDAGEIAG

VALGGDEYTP

FDVERIVNEP

(5)
VAATNGDNDL

ETTVNLPFVT

GGDDWDHAII

ATDSGPVHLE

: (6)
GLSKSDIDDV

ILVGGSTRMP

(8)
DIVLVDVTIPL

RSENKLLGDF

SLGIEVKGGL

ILTGIPPAPA

QVQAQVEDLV
FERLIEKNTA

GTDQIEVTFE

SDDEIDEMQE

AIDDVOQAVLD

DAEAHAEEDE

EDEPEIDALE

AWPTARRGGR

RRRDDEEYVD

QRRRRIEARN

TATEELSDTL

NEEGDLTTPS IVAHDDGELL VGKPAKNQAV
(2)
EEISARILQK IKRDAEEYLG QODVEKAVITV
3 4

(4)
TAASMAYGLD EDRDQTVLVY DLGGGTFDVS
DHLADNFENE HGIDLREDRQ ALQRLTEAAE
ODITRATFES ITEDLIERTV GPTEQALEDA

(7)
GQEPKKNVNP DEAVALGAAV QGGVLSGEVD

(9)
IPTTASKVFT TAADNQTSVQ IRVFOGDREZI
10) (11)
IDADAIVNVE AEDQGSGQRE SITIEGGAGL

EAETGIQRAE SLLEENEELV DEDLEADVND
(12)
QEIGKQAYQQ QOODMPRPARP AALAAWVAWA

ADFEDVDEE

Fig. 3. Amino acid sequences of internal trypic peptides of Band | protein.

The amino acid sequence deduced from dnak gene was shown, and detected 12 sequences of internal
peptides were underlined.

31

21
14

PTG - + - +

Fig. 4. Expression of Halobacterium cutirubrum Dnak homologue.
Escherichia coliBL21 (DE3) cells which contain pET3a or
pET3Hck were grown at 37 Cto ODg g of approximately 0.8 and expression was induced with

0.2 mM IPTG for 2.5 hrs. Total cell protein samples(20 pg) were run on 10 % acrylamide gel
followed by staining with Coomassie blue. lane 1, low molecular mass standards (BioRad) ; lane 2
andlane 3, E.coliBL21 (DE3) containing pET3a; lane 4 andlane S, E.coli BL21 (DE3) containing
pET3HcK ; lane3 andlane5, Cultures were induced with 0.2 mM IPTG. ; lane6, 97KDa protein
purified from Halobacterium cutirubrum.
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HC 1:MTDHDERT] TEDIVTRLETKGLKMY GGKFMRIDEELAHEHYAEHEDKP| 60
AF 1:----MERT LVIGEVIGRLERKGLKIVAMKMLWIAREMAENHYAEHREKP| 56
BS 1:---MMEKTHHI TIGDILSRIFERKGLQLAGAKILMRV TEQMAEKHYAEHQGKP| 57
SY 1:----MERTFIMIL TIGIE IV GRIFEKK GFKLVAMKVMTV SQELEKHY[EALNDKP| 56
SA  1l:----MERTFLMI LITGEV ISRITERK GLKLV GGKILMQVPMELAETHY|GEHQGKP| 56
0SS 1l:i---- SFHIMI LT DIISBFEK GFYLRGMKIFMNVERS FAQQHYADLSDKP| 56
HC 61:[F|FDGLVSF DATRQVRRQLM AQDAAPGTIRGDY GNDLGHNLIHG 120
AF 57 :FFSALVDY GKNAIKVVRITLV PAENAPGTILRGPFGLDV VHA 116
BS 58:FFGELVEF ENVIEVTRQLI] PKEQLPGTIRGDY GMFVGKNIIHG 117
SY 57:FFSGLVNF GNSIVSTSRQMIGATDPHARAPGITIRGPYGVSVGRNIIHG 116
SA  57:[F[YNDLISF GEDAVNVSRHIIGSTINPSEASPGSTRGPLGLTVGRNIIHG 116
0S 57:[FFPGLVEY GKDVVATGRRIIGATRPWEAAPGT AVEV IHG 116
HC 121:f DDDELVDWDRDASARVYEDLADHD 161
AF 117 SDDEIVNWEKADEDWIVEER---- 151
BS 118 KNEELVSYQQLMAGWIN|--~----- 149
SY 117 KDEEVNEWDATLNPWLYE------ 149
SA 117 NENEITSYASPRDAWLNE---~--~ 149
0S 117 -PEGLAEWRSNLHPWI)YES----- 149

Fig. 5. Alignment of amino acid squences of nucleoside diphosphate kinase.

HC, H. cutirubrum; AF, A. fulgidus; BS, Bacillus subtilis; SY, Synecococcus sp.; SA, S. aureus; OS,
Oriza sativa

Chromohalobacter
[~ marismortui A65

| Chromohalobacter |
marismortui

Chromohalobacter
marismortui A492

Chromohalobacter
marismortui A100

#43
—
Chromohalobacter
marismortui
ATCC17056
Halomonas sp.
MBIC2031;
Halomonas
salina
Halomonas
eurihalina
Halomonas
0.01 .elongata

Fig. 6. Phylogenic tree of moderately halophilic bacteria #4 3 and closely related species based on
16S ribosomal RNA sequences.
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Fig. 7. SDS-polyacrylamide gel electrophoregram of Halomonas GroEL samples from each
purification step.

Lane 1, molecular weight standard; lane 2, crude homogenate; lane 3, supematant after
ultracentrifugation;.lane 4, ammonium sulfate precipitate; lane 5, after gel filtration; lane 6,
after the ATP-agarose column; lane 7, final preparation after the DEAE-5PW column. To lanes 2

to5, 15ugof protein was applied; tolanes 6 and 7, 3 ng of protein was applied. Halomonas GroEL
is shown by an arrow.

Fig. 8. Alignment of the NHZ—termi nal amino acid sequences of Halomonas GroEL and E. coli GroEL.
Halomonas GroEL was electro-blotted onto a Problott membrane and its NHZ-terminal amino acid

sequence was determined.
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Fig. 9. Protein refold-promoting activities of Halomonas GroEL.

At time 0, urea-denatured a-glucosidase was diluted into refolding buffer with and without
Halomonas GroEL tetradecamer (147nM) and E. coli GroES heptamer (147nM). The assay
conditions have been described in the Materials and Methods. Curve a and b, control experiments
without chaperones with (b) and without (a) Mg+ * /ATP; curves ¢ and d, addition of GroEL with
(d) and without (c) Mg+ */ATP; curves e and f, addition of GroEL and E. coli GroES with () and
without (e) Mg* ¥ /ATP.

-210-



11 13 3

Protein folding of halophilic enzymes.

Masao Tokunaga, Matsujiro Ishibashi,
Hiroko Tokunaga and Mayumi Miyauchi
Faculty of Agriculture, Kagoshima University

We have attempted to characterize halophilic enzymes, aiming at
expansion of their commercial applications. Extremely halophilic
archaea require more than 2.5 M NaCl for growth, and accumulate high
concentration of compatible solutes inside the cells. Thus, the industrial
application of halophilic enzymes is very attractive, since these enzymes
can function under the extreme conditions where most of the 'normal’
enzymes cannot. However, they always require high salt concentration
for its stability, and this basic property iS the main reason why the
number of halophilic enzymes isolated in pure form is very small. We
think the most important points of research are (1) the understanding of
folding mechanisms of halophilic enzymes and (2) the establishment of
refolding conditions of (partially) unfolded state of these enzymes.

We studied molecular chaperone DnaK from extremely halophilic
archaea Halobacterium cutirubrum. This halophilic DnaK requires the
presence of more than 2 M NaCl for binding to the ATP column. We
found that one protein bound to ATP column without high salt
concentrations. This protein was identified to be nucleoside
diphosphate kinase (NDK), and was stable without high salt. We
purified and studied the properties of NDK, and isolated its gene.
Nucleotide sequence analysis demonstrates that NDK conserves the
amino acid composition characteristic of halophilic enzymes, i.e. high
content of acidic amino acid residues, although it does not require high
salt for its stability and activity. We found that NDK is a very good

model enzyme for the study of halophilic protein folding.
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