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DTEWIEEZRL, SBIC, A¥ =iz EOKERFT MO F R 5 LT
b, BKIBRE 30%E TOWRMTIZEEEZZ TR o7, S0%E W9 EREOIINTIL,
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d <o NEIE, BE - REFRASCTUAEWEORA - 2 8. 2 oMEwEF A
UTAERBRZEMI L TE L, HEKRENEBAO —REilo COAHEE, BEICRPEL
WEDSL Y | & LTOEMPEZE, FCEHEZRIFFREE I & R OMAEM & - IR A
L, ZOMREL +oI T 238 E, T ETEOEEMES/ER LTV D, BIE, Fix
DR L COAAEMITHER EICHEEL TV A EODE 2 5~1 0 %REL Ehbh T
BOBICEEEDNE THES T RV RIBEREICAE LT\ ARk /e Y
X, ZELRMIBEN ZFESTNHEEZX LN, ROMFH SN TV ABEMREDO —>ThH
Do
At Bl L BT ENTEIRERIL, ENEAYEFRIZCEEIN TN D, HE
72 EVCAERT B IR B T R E O RO O AR LG L O B BRIR B B AR
D—FTHY, Wol AL THEDLICHERER [RE 5 % 7 /a7 0 B =i
BN BEFET D, BERERD E LA O TN 2 3 b
DI, ED TREEMN, =Rl M) BERE > TWD, T4 78
. AIREE GEICX AR 1O LTI TR RSBSOS 7 E D&
IR ZEVEE RN S & 2 WX AR A TEERIE 2R U, F O EERHA BB ST b,
WEAE K 0 | AFEMENOR S R — R IC T 2 7 — BT a7 7 —Y OEEAE L RIHICS
WT—IF R A D | PR MERESR OB BRI X B MPECH R B 22 TR PR L & vy 5
TedptE % B2 72,

AT, iHESET I 7 BICER L, A% J—EAKEBHRICERLEZ 2Bl
& o THWEMEVER 2 R 7 MR A M0, 7K &R U 722 W IR O AR5 5
ML & ORI OWTHRE LTz, —F . SR E TIE, ARICH L CRyvEE 2R
EEBICR U CTHEMENROIEEZ R E WIS R 2B TR MEEE L7 FEi
WFFEOREF, AHRHEREEED®E O THERE AR 2> TWVWA Z L2 RA L=, 46,
HEHE~OBESBFEGELERE - KT 5 & & bic, HEME O 79 XA RTE
L. BWEEBMAEEHF - TH Ry V7B 7P #WEL T, OMWEA T~
ZDERTE, Fox DEARTIE LB ES RS ¥ 2N - HP OREIR Y
NIEEFZZ DI,

2. FEB

2. 1 BEREEHB LRI TFO8E

IR -7 2 7 —EOAEE L ERIZIL, o-7 X 7 —BEER Nesterenkonia halobia %
Mz, 5, 1M NaCl % & €p Nutrient Broth #, L < | Sehgal and Gibbons (SGC) 124
A ANEY, @A, 4M NaCl 28T SGC i TH# L7,



GRS S NI 2P BRI, R ENE R Chromohalobacter salexigens 30
/38 L. pET15b FEBi~7 % — (Novagen) (&7 1 —=27 LT, KIFHE BL2I(DE3)#K T
REFRH SET,

2. 2 a-7TI7—BOEEME

a-7 27— BOMERRER, LTS L7z FEACien, G
Gal-Glus-p-nitrophenol D 4322 X - TH$° % p-nitrophenol DF 4.% 405 nm DWW DY
INCHEE LT,

2. 3 HAMBEHEETTOQ-7IT—BOLEEOHE
KETFEAMCRMUANERRE (Vea 74008, My, 2L 0) Ha-7
2T —ERSW XN EE (1 M NaCl % %22 Nutrient Broth) 12 20%J# TN L |
20°C CA v FaX—=rary LT, a-7I7—BOFEMARE L, 72, 1 MNaCl, 4
mM CaCl,, 40 mM Tris-HCl /N> 7 7 —(HTI2NZHE Lz o -7 I 7 —EBOHKRY 7
12, 20,30,50% 7 11 7 )L LEPFIL, 20°C T1LREEA o FaX—a s Lic
Da-7 2 T7—EOFELEEIE L,
KEBRBRTHEBR (A X ) —N, =B )= TR PAFLALT +F
R) %, 30%B L OV50%IBECHIML, 27°C T1H#A v FaX—varLizob, 1§
PEARIE Uiz, S5, FRUABIELELD > H A X ) — L OB OWT, FFRZ B X
O NaCl O FINZNR A BE LTz,

2. 4 7P FZURIBRFEMEEEROES B ATEEORIE

KBE CRERI ST ZP F LRI BEFELEEBY Ni-NTA 17 A THRE LT,
EEBREAREOHEIE, ¥ 1 — M5 T A (GE Healthcare) (2 Ni, Zn 72 F OB EZ 12—
NL., &R0 BEEBA AV ZWmEH%, BRZP ¥ o XV EE2R L TEOMEEELFMmL
oo Tbb, AL ZP X LRI EheXL— BT LNEA IF L TRINT D
BROA & — VORI E CRHE L7z, BR~OBE®BOMEIL, V7 /VANLT LT
RCHEE LB ER~D Ni A A4 OfE G Es Esmbbic L,

3. MR B8

3. 1. {FEMH o-7 I T —F OFEEEmE

3. 1. 1. FEHEEEZRAWEZo-TIT—FPOSIWMAERE LB
IM® NaCl & 1%DF > P w2& A7 SGC HEMICHER®%. 30C T3 AfERE L, 5



BEEZED, COHELELY -7 27— VOHBER L LTHWE, BT, 15
FIEZZARK T 252/ L, IR SmM O CaCl, Z N, 50 mM Tris-HCI buffer
(PH72) TCEHAL LT2T A B U DT DT o, BT L2 b N > 7 7 — Tk,
01M WV —ATTHFARNI U BT LIRE LIZa-TIT7—BEEFEH L, BRL
Tea-7I7—EOSDS-RI T 7 VLT I R VEXKIKENIX (SDS-PAGE) #% Fig. 1 |Z7R
L7, a- 7 I 7 —ERH IR EINTHWAZERDoTm, a-T I T7—FDZ LR
7 B EBERIEME NS, Bl AN o-7 27— B OEMIZ~160 Umg % > 7 B L
B E$L72, Lunit (U)rE, 14342 1 pmole @ p-nitrophnol % A:f% ¢ 2 MR IHME & F8 LTI~
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Fig. 1. SDS-polyacrylamide gel electrophoretogram of purified a-amylase.

Lane I, molecular weight marker; lane 2, a-amylase purified.

3. 1. 2. KEEMLABWEBREOTMZHRE

e 116 (1 M NaCl 25 €2 Nutrient Broth) (27 20 7 4L A, MLz F Ly
BENEI20%EETHRML, 20°C T2 A v Fa—2 30T, a-7IT—
COFEMZHELIZE ZAH, TRTORMET, BIRMO = Fr—Lh o T ZEbY
Mo fz (Table D)o £ R o -7 X7 —BH Ty m a7 4L L 20, 30, 50%
BRI L, 20°C TIHHHA > FaX—va LT, o-7 27 —FOiEk4RE L
LA FHREICERINO 2 Fa— Y I E B LN NS T, TR ODOERLY .
KGN -7 X7 —EX, Z7aa 7y v akbhd, ¥ Ly, bLmiia Bk EER
L 72 WO FERBRME O T BETA I SR D CEWIME 2R 2 L 2B S0 o 7=,

IFHEIEEE R DT X BRI, BB T X BEESIEREICE L, — 7, BUKET 2
REBENDRNIENRBEL BN TREY, ZORDIENREIL, 28O~ 1 F AHE
WX o TH AR BRADPEDIL TV A, BRAKYED TR IEMNE DA IR & A7 PR
FEOMAEVERIT, BB L @FE O 7B L OMBERICHE L TR\ EZ2N
%o DF Y HHIEEED @ OBUKME & AHEMEER DL B DO~ A T ARFMEILL D BV EKE



WCRER T B TBAME—EKEDORE =\ RV —[EEE | WAETHLEEZEZDNDTCD
ThhH, ZOFDE NI BERENESEDER E 2D GIRIED 2 "7 G OBKE
DB L FEADIFD S AL, MHEVEEER IR L IR T TN D alREME S B & fiF
WT&l,

Table 1. a-Amylase activity incubated with water-immiscible solvents.

Organic solvents o-Amylase activity (%)
Control 100
Chloroform 100
Toluene 100
Xylene 98

One ml of organic solvent was added to 4 ml of culture supernatant
in 15 ml Falcon tube and the tube was shaken horizontally at 100 rpm
at 20 °C for 22 hr.

3. 1. 3. /KEiEfT2HEEEEEOTRMNZNE

M o -7 2 T —BICk 2K LIRS DA IS ORI R 2~ T, R
J£ 0.5M NaCl & 5mM CaCl, Z&ie a-7 2 7 —BIRIKIZ, KIBE 30%b L <I1X50%D
AR )= 2R )= TR PAFLRALT XY REEREREML, 27 C
T1IRRA v FaX—ar Lz, 1REBO -7 I 7 —BORMEEZNE LR
H.% Table 2 1278 L7z, 30% DA Z ML TH  BERIEMEIZITIRE g B3 <,
AB )=, DAFNLANT FY RTIE, OEEEEZRE L, ZOHBIITHATH
20, BERMEOH DR TH T, —F, BEEEIRE % 50%I BT -HE12iE, &7
DYREECE NP R PNEEETHRN R Oz, 7' b TIESS%RE, DA F LA
VT FF Y RTA%RREDEFELDETRALIL, =&/ — /L Th 25%FR2EOEHIET
DEEISNE, AZ =M bME T, 1% REOTHEERIKTICE - T,
0L HICARIENE o -7 2 T =BT, FEMIEOAIFE T L TR TR BEDA
BEAIE DRI LT 30%E TRWIMMEZ R LTz, A&/ =/ OBREITIE. 50%DH
AT T S 90%LL_EDIEMEZ R L TV e,

— RV AR & 2 X B, E ORMITKS T (KFK) ZfEG L TR (Hydration
shell) ZJERE L. KEEF TCOREMEEZR > TWD, Tha—Lig EOmMEEL, 2
DKFAKEZ AT BRENLHER S TH NI Be R LEENXT D EEDNTND,
IFHEMEEER L. BDRDO X HICH VR BRENCKED~ A T AMELFF> TNHDT,
BE S NI BITHART, LD FERKELTNDZ ERF>TNEY, £ DK
FIKZREE LTV D 2 & T, IHEMERERIL, 7T a—) L7 8 OMMEABEEEIC & FigHy
BWEEMEEZRTHEDOLEEZIDND,



Table 2. Stability of a-amylase in the presence of water-miscible solvents.

Organic solvent o-Amylase activity (%)

(Solvent concentration) 30% 50%
Control 100 100
Methanol 113 93
Ethanol 103 76
Acetone 99 46
Dimethyl sulfoxide 107 63
Several water-miscible organic solvents at concentrations of 30 and 50% were added to NhAmy

in 25 mM Tris-HCI buffer, pH7.2, 0.5 M NaCl and 5 mM CaCl,. After incubation at 27 °C for
1hr, residual activity was measured.

3. 1. 4. AZ ) —NEMFFCRBT 28N o-7 I 7 —BOREMICKTT S NaCl
DENR L BRAFEME DRI Z AL

HEIREE 10, 30, 50% D A # 7 — )VERMBFIZ BT DG o -7 2 T — B RRIATEME D B
EAb% Fig. 2 (TR Lic, GFEMRERIT, BEBERICHSTRWERE T CHET 20
T, WORMZ LV EZELINDEVWIWEEZRF->TND, a-7T I T7—BDOLE
PEIZXE9 % NaCl DR EZRFTT 5729, 0.5 M NaCl DHAF « FEHAFEOTmEETA Z /
— M LT, 05MNaCl Z8IN L725E121E, A% 7 =1 10% & 30%Es00 Tl
10-15%F2E OIEPEDRHEDR L H 417z, 50% A 5? J —IVERINTCIE, 30 0 1CH) 30%0)1%
PEART 23, 72 1 R ICITR 45% DIEMHR T 3580 bz, — 5. NaCl #EHRINO%5
ATIE. TRRIRIZ 10% A 2 /7 — /VIRIITTHRI 20%,  30%EsHI1 TR 50%., % 7= 50%450

13K 90% DIEMIR T AR 67z, 30%., 50%D A ¥ J — LVEsHIERZ X, 0.5 B <4
TITTEMER T2 A 54, NaClFFFET Tl BWIMBEVRRTAY ) — LV OREL %
JTTREERESEZ VIEHETIZORN D LB DI, B A X J — VRO
oy hua—VERTIE, o-7 I 7—EBEEICENIT o7, BEDX ST, AH )
—IVIRINEFIZ 3T b AU MEEER 12535 NaCl DL E(LZD R 3588 %Wio ASS
Table 2 DFEHR L Fig. 2 DFERZHIRT B &, 50%D A X ) —VERMLUTIZEE . 0k
{EEPEICHT 40%D3EY N(93% vs 55%) DR L= Z L2725, Table2 DAL 5 mM
D Ca"" A AU ETIMLTNDDITHE L, Fig. 2 DIFAITIL. NaCl D2 EENE % BB

WCRDEDIZ, CAA AV ZHMLTWARNWZ ERFDORKEEZ ND, R o

TIT—ERCa A F UL o TERENIND Z LIRBEL MR TR, itk a-T
IT7—BlE, Ca" M A & NaCl DFHFIC Lo TEEILEND Z &y o7,
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Fig. 2. Time course of ai-amylase stability in the addition of methanol.
Fifty pl of ai-amylase in 50 mM Tris-HCI, pH7.2, with or without 1 M NaCl was
mixed with 50 pl of 20, 60 and 100% methanol and incubated for 1 hr at 27 °C.

3. 1. 5. FREFEIEHEHOEMZE

AT &[RRI KR 2 R B DOZEMER & LTy < i Al o imzh R % 1
M NaCl f#7E T CHEFt L7z,  Table 3 |27 L 7o B FEFETEMEAIZ 2 %3 LU0 4.5 %D #i
BEIZRDEDIEMA, 37°C TLRA U Fax—TarLliob, BFEEEZHEL
72 Sodium dodecyl sulfate & N-Lauroyl sarcosinate IJ, [&- 4 R EEMEA],
Cetyltrimethylammonium bromide 3, A A PR Em{EMA]. Triton X-100 & n-Dodecyl
B-D-maltoside I%, FEA A LMD FEIEWAITH 5, Table3 IR LIZL STV T DR
AEHAIOWRMbIZE AL -7 27 —BEEHICEEY T, Ka-TIT7—FBid, £HER
ETEEANCEmWIEZ R Lz, B2, R RNE X7 BEMRO—2>TH % Sodium
dodecyl sulfate (25t U T SBRRMMEZ R LTc Z &I RERBERN,

Table 3. a-Amylase activity in the presence of several detergents.

Detergent Residual activity (%)

(Concentration) 2% 45%
Control 100 100
Sodium dodecyl sulfate 98 102
N-Lauroyl sarcosinate 99 98
Cetyltrimethylammonium bromide 103 100
Triton X-100 102 102
n-Dodecyl B-D-maltoside 104 104




3. 2. WS I H - REEE OREHE~DGH

BAFFEETIE, DRI DAFEME O ESRMMEICE T 2RO ENH 0 | il #f
RN 77 ZLCRIET 2 [HEeREE Y /378 (Histidine-rich metal binding
protein (B L C HP))| % Ao I EEFCHIE L CEY, BEMIIE. KRERE
SHEHP B RV EEHANT, Ni,Zn, Cu R EOEEBNZDF /87 BITE
RTHET DI LEHLNILTE, &b, FIZIXZ RV EEENS T LEAE
LT, BRFUCHE SN ESRZEIN L TREFICET 2 L & b, SWEIRIC
ZLWEREICEWC FIR L-ESBRZAHERE LTENERT2Z L2 S LTHF
ZEL TV D,

3. 2. 1. HEMEOESE/ SR

oz L, AFHEVERE 2N ERE D NaCl R° KCl 72 E DA A oxt LT Tl HAR
A A CH L THMEZ RS &V O FEREBE L TE e, £ 2 TPEFHEMME S mE
IFHEME T I (Archaea) Z HHWTC, ESRMHEELY EREHKT 52 L #iliz, HEL
HWPEME (77 LRMEE & GYEE O 2 18) | SELHEME I, d6 X O EME OE K
EINVENTATE RTEEL, NiZiINL T, ZO/REREER LT,
Chromohalobacter 137" 7 L&D W EE LA MES . Nesterenkonia 1377 LEGVED I
MRS Halobacterium 1375 FEIFHEPE R . % L C Escherichia coli 1338 #ME TdH
D, 660 nm DA 6.8 (2725 & 5 IZFHHE L7 AR AEBERK 1 ml 2V,

Table 4 |28 L7 K 912, BHEMESK 30 ug D Ni A F U ZFEE Lz DIz,
7 Z Lt R ELFEMHEME X DK 2.6 5. 7T ABEMEO T EMEEEIXE O 3 £
DNiA A EFEG LTz, £, RUFEMERE WS EFEETHE X, @EMEo
KI2EDONIZREE Lz, 22 CIEREMENE TS P EAEEMEIC S CHEAE
DMEWRE R & 725 TV DA, ZAVId s BE A S oy W oD B8 (A 1 D3 Rk 72 7 oD SRR IR
PRSP ENL TV D AR E <, 4% S OIS ERFTT A HLERH 5, WT
U L CHIHEMREIIRIBEIZ T2 ICE W NI A 2R LT,

Table 4. Metal binding to halophilic microbial cells.

Strain Bacteria (Gram stain)/Archaea Ni (pg) bound to cells
Chromohalobacter sp. Moderate halophile (Gram -) 84
Nesterenkonia sp. Moderate halophile (Gram +) 96
Halobacterium sp. Extreme halophile (Archaea) 60
Escherichia coli Non-halophile (Gram -) 32

Cells were fixed with 1% glutaraldehyde, and washed with and suspended in distilled water.



3. 2. 2. HEMERROFRESBHES S /7 H 2P OHE

HEEAFYEEE Chromohalobacter salexigens D77 7 A& #HZ RV T, 3 CTIZHEE LIz [FRE
KRHROBEE B A Y v/ EHPY L RO RN VRV BERR LIZE A, T
I BEESID 27.6% 08— L, F2E0T I BEYID EWAEIENE (75.7%) 2T
334 7 3 BRI (S3Us TV DU S T BARMAIE 309 T X BRIREL) 0BT D ZP
BRI BERDTFEHZENTER, ZOX U RIEIIMOEBRAES "I EED
FARIMEDNHE 2 T Zn #E5BMEZ /X7 & (Zn binding protein) & & x Hiliz, HP # /3

BLZPBZ R EOT I ) BESIDOT T A A N Fig. 31TR LT,

HP  1:EGEMIVVASE I."‘!"-“"'- SEHVOVITVGEDGDA
ZP  1:VDI Q”'G" PS----LEJCGGAS
HP é::-:—:-iFE OPRLVEASTYEGEVYRSRGI -~ -DNSFDEEREE - .:H
zP 54:‘ﬂ--*'. HSMDTLFPDALS-ELMDLEETQTLNYRQGATEE oanHS

HP 114 | H A GKQYV .ﬂ

zp ;;;E {CHDHDH ‘-i:'sﬁ :gﬁ'-u §*"E w‘..; ! :

HP 170 :[FRRFREQYVEAMLS HRR:GA:? RVLIT NAYGLDVLSEVGEDS
zP 170 :[yRMNNARLGKDEL! -.nz.Q:Q:.A\A HREDVHAAGAISHS
HP 230 : AEPSRAGMEKIIEQ IQARNVKALELENMT EQLADETEVr IGGTLYAGHTAREGEA
ZP 228:RK TLVETHDIDCVESHE QYNEIVKSVEGOTGYNTSIVVD -~ JLGTDLAL
HP 290:5 u GMFRENV-ITLTEAL

P 20¢: ’ﬂr PNLMH-KLNDRVSQCAS

Fig. 3. Amino acid sequence alignment of HP and ZP proteins.

Same amino acid sequence was boxed with red color. Putative metal binding pocket was shown

with dot. His-rich insertion sequence was boxed with green color.

D ZP H DB, FRD X 5T Treponema pallidum H 3D TroA % 37 'EO
KPS E BRSO TENHE R Z oV E ZnuA Z 87 BO L BmWHEREME AR 2 &3
B L7, TroA Z U X7 BIZH_T LY ZP # /87 E Ikt U CHHRIPEDS i WO R T ok
ZnuA Z R0 BE L ZP X X ORiA R I LT (Fig. 4), 7 X/ BELHID 26.6%7°
—&H L., £ EOT I BRESIN 67.9%E W) mWAERMEZ R LT,

20 ZnuA HEENEETR X 82 EIE, X RAEITIC L AE S ShTn s ©
DT, TNETCICZZP X VX EOWEEET V v 7 & A, Fig. 5 IR LIZ XK D 2R
PEl, BTV 7 THELNE ZP O2fEE (Fig. 5 £) &, —# 02\ TRD T
B < ZnuA O&FEHEE (Fig. 5 £) I2BRlTWie, &0 CHRIZE R 2571
ZP B R T B pHA—TRICROM Lz B-3— MEEH S TH D AR HX #YIRL
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ZnuA 1 :RAVVASLKFVGFIASAIADGVIETE :AS T ‘PS VERLCNADLNVWNGEEME
P l VDIPSNYS~~-LVDRVMGDLGAPS—~ sASPH M FS RER ACRN DLT

.
ZnuA 61 : AFMQRPVSKEPGARQVT- AQ oVREMRS---18GDDOE -~ -~~~ HCERERSD
zP  58:FWLAHSMDTLGDDA-LSVELMDLPETQTLRYRQGATFEPEQHLHGPHDHARGHLHSHSH

l'l

ZnuAl07 : EE~. EDENM - ——— = e SFEL AVAIHGRLVELMPQSRAKLLDA (D
P l-‘EA BCH HDHDSHDHEHSHEFRHP ] N LOVIRCCELAR HACTYRN
ZnuAl54:FEA-Q STETQ&’V' KGKGYF F“DAY F” TTP’ AFTVNFEIGFGAQ
zZp 176:LGKLE T:T?A:QQ SSANFI F"DAY %‘Aﬁ ISLGCARKPSES
bmA; 3 H _4’ RA-T P” MGTLD-PLGINIK C {ISNISEFL
~J”IJD’C Fh F” V SVNTSIVVLDPLGTIELA C DLYPNLM
ZnuA271 Q A G
zP 4°5 44 A AVS

Fig. 4. Amino acid sequence alignment of ZnuA and ZP proteins.

X

Same amino acid sequence was boxed with red color. Putative metal binding pocket was shown

with dot. His-rich insertion sequence of ZP was boxed with green color.

BLFNZ KV Rk S 7 HX v— 7). Z O8R5y I1%, Fig. 31K LI=HP & ZP DT T
A A MZBWT, a0 BOX THlo 8o THY, ZP X VR BIZBW Tt 49
BREDOT I B AHESIToH D (Fig. 3, green box), 49 72D H B F D 39%7° His
BETHY, 72 271%0BMT I / BEEREN D72 D CRHRRESITH Y . Z DR
HI72ECFNIE TroA # L /X7 B ZnuA & R 7 B EOEILC B REENTE -4
RS & N7 BOEREINCAVIAALTEFEARS &5 2 b,

TTIZHE LT HP Z 2 XV B LR ZP # 37 B OGRS b Z %2 T, ZP
Z XY B, HP ¥ X7 BRFRIC 38D His REIC L 28 BHAR Y, v b & His 7%
HICEATBAESOWME CEBA AV ERAETHILDEFHITE -,

ZnuA

Fig. 5. Modeling of ZP based on the ZnuA crystallographic structure (2PRS).



3. 2. 3. PEMEHMERROFHECBRESG X /X7 ZP OB

ZZC. Hi DNA 75 PCR C ZP #8514 48 L. KIBEFHI~ 2 &% —pET15b 7
TAI R/ r—=v7 1L, BRADEWKEZHWTEEEBY RERR I, 2O/RR
% Fig. 6 12~ L7,

KB O FAMEESE His-ZP # o /3 7 BN K EICHKBL S 117~ (Fig. 6, lane 1 and 2, dot) ,
Fi, > TRULEL D LAV His-ZP # R0 B o4y s BRI Sz (Figs,

lane 1 and 2, arrow) ,

MW 1 2 3 4 5 6
c s P c s P
PET15b.2P PET15b

Fig. 6. Expression of His-tag-ZP
SDS-PAGE of crude homogenate (C), soluble (S) and pellet (P) fractions of E. coli harboring
pET15b-ZP and pET15b. His-tag-ZP and truncated forms expressed were shown with dot and

arrows.

3. 2. 4. BEERHAF NIV EIP DRER L EBRAR

FLI R (Fig. 6, lane )% Ni-NTA 7 7 4 =7 « — 4 7 LMIHMNT His-ZP ¥ > /37 B & ¥
B 7-, KEH His-ZP % > /27 B 0> SDS-PAGE #% Fig. 7, lane 1 {275 L7, His-ZP # /%
DN R EDEOSRY N RO E N, BRICEI LD T, 2 b 3 KD
YRI5 4 RV EO G EEE RGN R AW THE Lz, TREh RE NI
97026, 36286 Da, 33759 Da, 31476 Da it Shv, IEL <K FEHINTZHD(dot) &, £
FI25 TR FREREL A8 TR BRFRAA ) U B ST R (arrows) THDH Z &
DGy o T

ZP 4 VRO BFESTREERMET 27200, Ar B kic LV His-tag % Y)
Wikxss Uiz 2P # o) B aME L7- (Fig. 7, lane 2, dot), ZDOIIRLTZ L 91T,
SDS-PAGE EDOBENENKE K o2 Einh, His-tag BEREINTZ T EAVRE T,



Fm, 2 TRULEL I, KRE L THTFED/NSWSIEY HIRTEL T,

(kDa)
66.2 T

Mw 1 2
before digested

Fig. 7. Thrombin-digestion of His-tag-ZP to prepare ZP.

WIZ, ZP X RV EPR NI RREE R > TV AN ERFIT A0, ZP X X B %
Ni-NTA 7 7 DMMZENT, BT DB PR A I X — LT L7, Fig. 8 ICF DR R 27~
Uiz, ZP Z /37 /EIE, FEWCE B PUE B 3R O H ALY, EIZ 50-100 mM D1
IHY TR &7 (Fig. 8, lane 3-4, dot), ZP X > /R 7 E D53y & FIEEIC Ni 7
T LG LTz, EZTHL— MU T L& HAWT, Cu, Zn, Mn, CO%LT Ni (24 2 h
BHERELIEE ZANTROBEENETR L, 100mMEEDA 24V — /LTRSS
7. DARNICHE L-EGRBRAEE X /37 B HP 1T, Mn IZfESREE /RE . 2D Mn ~
DFEEINL ZP OIS L4y o7,

45.0

f1e

MW 1 2 3 4 5 6
FT W 50 100 200 300 (mM)
Fig. 8. SDS-PAGE profile of ZP eluted from Ni-NTA column.

Puritied ZP (dot) and its small derivatives (arrows) bound to Ni column was eluted with

50-100 mM imidazole.

3. 2. 5. HE@BHKA Y /37 E ZP O ABSIDFFD His-X Y & LEFICE AT
HEBODESEKE S

MOBEEBHAZ /N7 B TroA X, 3HEOE RAF U UBRESFSHERESK v
MITEOERBA A 2HE6T 5, Jucxt LT, 4EOZP X 7 EiZ, Z0é
BFREGR T MIIMA T, 49 7 2/ BRIREED & 70 A B R AR 28> T 5



(Figs.3,4and 5), ZOEFNIL, ZEO ATV UEREE G R, FOMBENLRT, 20
I ESBSEAT D Z E N T SN T-(Fig. 3,4and 9), Fig. 9-112Z2D 49 7 X /
FHD S I ARSI D 5 5 His-X OV IR LESNZEAT 40 7 2 BEREN L2 D

IR AR LTz, 2 OFEIKD 95%75 His-X OV IR LELHID 672 % & 9 figed THRAZHEY 72
BSITH D, ZOEKOESBEAIEEZRS BT, A0 20 ZEOHEE (74
— T A TR L) EBYDFEY 20 BEOEEE ZE A Y ITF FO(LEAERK
1TV, PepA21 (Fig. 9-2) & PepB20 (Fig. 9-3)& L7-, PepB20 ([ 2WTik, & LE DR

gl Lic, T7hbb, ZOREEREEEE L T, N-KimlZ Gly-Ser-Ser O 3 FI % {+F
MU, Z3ilfeS T 8 Ed His-Asp BLHIZBLE LTz, WTH DT F NI £ C-Kiii
IO R T UEREAMNL, 280nm OWRINIC LB Z BT F RO E A
Bl Lz,

1: His-rich region (40 out of 48 amino acid
residues) of ZP insertion sequence
HQHDHGPHDH AHGHDHSHSH
DHDHDHDHDH DSHDHDHSHE

2: Synthetic HX peptide, PepA2l
HQHDHGPHDHAHGHDHSHSHW

3: Synthetic HX peptide, PepB20
GSSHDHDHDHDHDHDHDHDW

Fig. 9. His-rich region of ZP insertion sequence and chemically synthesized oligo-peptides.

INHEDRNTF REEBA L EREEGSEESL— M7 AZHNT. @B AT~
EERAEIM Uz, HE0TH Zn ZFES SHZF L— I T A2, PepA2l XTF KD
50mM U RNy T 7 —(pHTYERE TR L, A XX — L OIRE Z BRI & o TE
H L TEORAEELZTN LT, Z 0%, 280nm DWW & Tricine-SDS-PAGE D
V. PepA2l X7 F RIX Zn 7T LKA L, 50mM OA 2 — /L THHE S, Zn
~OWLNIRFEE R Uiz, FEROER T, RKX7F ik, NiX¥ ColZ bt &R
L7z, — ., Mn ISR REE R E o Tz,  IRIZ, PepB20 % Ni-NTA 77 7 A2 H
J. A IFY = KD BRRRE AR, BB GREARHE L7z, PepB20 <7
RiZ, Ni-NTA 5 7 HAIZHEE L 100mM O A XY — VRETH T LB 4, Ni
~OFLNREEREE R LT, EE@REReas XL — M7 5% HW T, Co,Zn
ICBIEBEELFF O Z LA BT o 72, PepB20 X7 F RIZOW T PepA2l X7 T K
E B, Mn IR B EEE RE ol ZNOHDRERMNDL, ZP ¥ 2 /R B HEFD Mn
AL, ARSI TIERL EBHAaR 7y FOMBERICEAbDTHD Z &Rk



STz, PepB20 T F FIZHOWT OB GIHELZ SHICFELIRMNT2EBHT, Ni b
UL Zn fFE FCOM AMERIEZ TV RS ICETAEREB LY & L, @B
A A PR LT EE O ZAE M 235880 B s, — R BRELE X HE 5 X
7 78wt DO IR IR 2B TIT 297 A% I B ICRH 80 TRET 2 TEICL T
W5, R, IO EEERSC ST T REH T L7 a~ N HORNEICEER
G BEMT DI 0N T LSRHEE RS FIER EERO B EE B RIE O &
O X LT TR ER S FhE LTz, BUR T, BIE~OREEHA - BEIC >0 TiE, &
22 ORYWPIRLS SBREFPLETH D0, IKFHRE WD T DML L HEET S
EVIFRERER TS,

4. FmEE5®kD

3
&
;%l

=

AN NT, APt o -7 X 7 — 808, fix ettt - FERRME O A HVA S 58\ i
PEZRT ZERHLT D | FOEEMANPMGFINS, S50, BERL & B E
EROBEPFULA~OHHEIERE & HEE 2 RV EORANELETH D 2 E 2SI
HIENTET,

ek, HYIOWGEEE TIX, HHEM o-7 I 7 —BIZMA <, JFEED -7 7 & ~v—
BICOWTH HEIEIC T 2L ERERFT 2 FETH 23, OB TEZL O
fa R M E SR T, PIREYR FERIZSE M U723, HEE T IS8T 5 IR
72 EEMAN T 2 REEOMFHIASHOETH 0 | 5l & &R EZ2 0 TR 5
TETHD, £lo, IHREEHRROESEFE X VX7 BICE LTI, 7 CIclE LA
HP DAHIg B ZP # X7 BIZBW T, BEAEVORIBERS R R b OE& B
ERTy MIMZ T, B AF VU EEEREBICE AR BB AR DN AHRESRIC
FMEHRL b O ENRALNIRoT, 2L OMARYIZHEEEIC RN 28 TH
D, EEBEOBPUC L HEREFE( S, B L-ESBOERE L COFMMIICmT, &
HIZFERMEAF TR & ke L CHEET 5P ECTh 5,

5. HiEe
ARG T T HIZH 70 DI FEANY 7 A BHAIRELE I X o228k & -
FEEFELE, AFREEETEE LD, ZOEELRTEBOBY TH Y 005

L BT Ed, £, REREO—# % H AR ERFICER T ELED, bt
THILHL LT ET,

— 14 N
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Industrial applications of halophiles and halophilic proteins:
distinct tolerance to organic solvents and development of bioremediation
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Halophiles and halophilic enzymes exhibit distinct advantageous characteristics for
industrial applications. We purified halophilic a-amylase from a halophilic bacterium
Nesterenkonia halobia and studied its tolerance to organic solvents. Halophilic
a-amylase showed high tolerance to not only water immiscible organic solvents, such as
chloroform at 50 % addition, but also water-miscible solvents up to 30 % concentration.
The addition of water miscible solvents at a final concentration of 50 % inactivated
o-amylase activity by 10-50 %. It is conceivable that the remarkable organic
solvent-resistant characteristics of halophilic enzymes must be related to the highly
charged protein surface and less hydrophobicity of halophilic enzymes. We further
found a metal-binding protein ZP from moderate halophile Chromohalobacter
salexigens, expressed it in Escherichia coli, and purified. ZP was found to bind

several metal ions, such as Ni, Zn and Co, and to be hopeful for application.



