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2. HiE :

B EAFREE Halobacterium salinarum D HiZ, SGC (1% yeast extract, 0.3% Na-—
citrate, 0.2% KCl, 2% MgSO,, 0.0023% FeCl,, 0.75% vitamin free casamino acids,
DPH7.0)-3M NaCl 2B\ ¥y HEFEEOEMILZ, NB(1% beef extract, 1%
polypeptone)-2M NaCl Z /=, »

Nucleoside diphosphate kinase DfEEUTIE, ATP 7 HO—Z A 5 A2 AW=, ATP
70— (SigmaA2767) g% Bio-Rad polyprep 715 AlCD®. 50mM Tris-HCl
buffer, pH7.5, 25 mM KCl, 2mM MgCl, &R CTHE(L Uiz, J > TIENTE,. |
buffer TH T LAZHH# L. 3SMMATP 2&8OF buffer TREL-EHEEH Uiz, SDS-
RUTZUINT I REKIKENS. Laemmli OFEEZRAWE 2, BEEEIL. Lowry HEE
AWTEELE,

Protease &L, W<ONOEEZR LD, BEEICIL. HEr & BREEE
L TClid L-Alanine-p-nitroanilide /=, 0.6 ml ®H¥ - > (Hammarsten)—50 mM
DBy 77 (DH7.5) 1 %%, 0.45 ml @ 50 mM U 28Ny 75 (pH7.5) 2R
L. 37CTEHMTLA > Far—23>L, ZHIC0.15ml OBEREEMZ T3 7C
T6 0RIREEES, BERKINT TCA ZRIEES %123 XD TR TELEEE,
KE 3 02FEBNT, REGOEEHY 1 > 2LMEBREE%, 14,000rpm, 10 4540
L BHLER T O _EEAD 280 nm ORIARRE U TBEETEEE L=,

I-Alanine-p-nitroanilide |4, 10me/m! DMSO 2L, = 0.01 ml % 50 mM
U2BNyT7 (PH7.5) 044ml SBES L. ZHUCEESERK 0.05ml &Mz T, 37°C
T 405 nm O OIEINZEIEEE Lz,

3. MR KU B
3. 1. SEMFEEBSR Nucleoside diphosphate kinase D¥g#L & Sz E

BIEE TICHE SN T D BEFEREE OB HEIL. ZOREEICERE DE O
PNEETD, IOHBINCEHERZEEICEET 52 LA <. HEEEESE O
FOERLBNKERER /2> T,

Fo4ld, BEFERBE DnakK EE2M%T 28@E0 ATP 15 ADERITBNT,
NaCl BEN 0TS ATP 115 AICEET 2ANTOHFE 24,000 DEHEERR L.
ZOEHBZRET 2ERT. SDS-PAGE #. PVDF BIKEEL, 70571 —
JI2Y—=ITED N Rm7Y IV BESIEZRELZEZS, < DMDEYHED
Nucleoside diphosphate kinase IZ&WAERIEZR L7z, HWIEFEFTH, ATPHS A
WKET 2 ENSERRL, COBRENEEGE N CHEBERELR2RIE T c2B<TR
U, FETITRVED TZLWHE TH 2 & EHIC, IERDIFEMEEE SN EEICRER
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KEERIT, BEIRFAETCD ATP WS LAREET 20N MOZEAEETOEREIRD
DT TEEL THIATTKELRND T, ZOATP I 5 A—[ETHI 600 FREEE N,
OT%LL FIE—ITRBEELIN-, TOREBROHEETHONT U, TORZEMEN
EEHEN5, Feg. LIoRLELSIC, 75C, S5H0BYETS 7 0 %IEWEEZREL,
BNEMEE R L, COEREPEEIC, UBOER THEEBEROMEEIION TR
L7z,

3.2. BUEWMBENKOHEESR DREENE

Hald, HRRN SR R EFEE ORI REMTH U TEWINEZERT
BT 3 2 &2 RN L, FEMEOHRIEIC DN T HEE U, FEFHEE#560
BEET 51Ty OARY VARIEDBERIC D W TTOHE ZHN. fRICTORLEN
COWTIIEEMICHRET L7, Fig. 2 ICRT &3 ICEREELL /2RI, 1 0 DR
BRI E 7 5 %OIEEAGE L T\, Y EkORERIIZ QX S RMEWEERT
HEOOEITRL, FEEEERICHRD THRENREE TDH S,

T DEEERGERICES., [P K DR - HEWEREESR A X2 U -2 TS ER
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3.3.1. Wt ar7—FOAZV—=27

FOF7 —PIISEEDEEDERSBRSH SN TNEDT, RERJENHERDT
OF7 —tFE2BRETESEIIC. EHEAEOEBICEL TELARFN L7z, Azocol,
Azocasein, Hammerstein casein, g7V 7 3> S DWW THEFREOMEESRC
proteinase K ZHAWTEE E L TOERAMERE Uiz, RIGEAITEL BRI OER. /i
IH2 . HEICEE L&D Do/, Fig. 3 1T proteinase K 12k % casein /BDEH
ES(HEENEERLTNAD, SNWREREEZRL T ZOFEETT assay ELS
ETLTWA I EDRS Iz,

WEFZE=IZIE 1 0 0 0 BRICRSBERRD SHMEICHBEL ZEREREL TWDHH, W
HrOFy —YE LAY VAREREIREICA V-2 Ui, HERZT70TH
U<IZ9 0CTEMUEL, 20 EBAMCDNWTHES SAMBEEEEIELZ, BEO—H
% Fig. 4 \oRLiz, BEEL<OEKT o077 —FHEEN EFLTED. JHud
C OB T MREINSEEE MWL 077 —EOFEERL TNB EEA 5N
7=, ZOBT., BOEENRL, Tury—PEEbENTE 1 Na HRERW T DFHIC
NI Rl DY e
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3.3.2. 7R /)RITFF—LEHEDORH

7077 —VIIRA BREEICHL T, BARIMEEZ RTHORH D, FEDSHRE
BEfE-o TEOEEREEZEHETE S, BATREN TV OF 7T —CEREEZER
WT, FEMFERMABRETIC, E0LIABEO/OFT 7 —ERNEEL TN 200 EHL
XD & U=, L7z Bz-DL-Arg—pNA, Bz-Tyr-pNA, Leu—-pNA, Ala-pNA, Suc-Ala-
Ala-Ala-pNA, Z-Ala-Ala-Leu-pNA, Pyr-Phe-Leu-pNA @56, Fig. 5 1ZRLz&
512, Leu-pNA, Ala-pNA ITBWTEENZED 511, 73 ) X TF 5 -V HBERITEE
T3 ENREENZ, TITIOBEERDOMEAEZARD DT, HoREZEfTo . 1B
BNIRA A 7O NI ST 40— (UVY—ZAQHTL) TBIRW, TIJIRIFEH—
YIEMIT Fig. 6 ICRT LD ICREOREANR (0.1-1.0 M) 0#0.5 M @DIiTEEEh
77e T TIDEHNRBEEREZRNTIOT 2 ) RTFY —EOMEME TN, s
RS BWEEERIIRE et o 7z, TEWE T3 o 720Y, AFEFEE L DO TY
R RTFHY—EEEERE U,

3.3.3. MEWETOF 7 —FORAREE ST

THEE T 05 7 — PR ERMEELT 2 Z L eRiATr, HEERZE 8 0 BMLIENT L TELT
WEERE. BHE QT 7 O—2H 5 AT, BB ET5 7. 0.5-0.6 M
BEEMNC T OF 7 —PEEIREENEDT, COES EED, BEQH I LITHT.
SENE 0.3-0.8 M OABEOERMBEAR THEE L. SES0 7077 —HEEZHE
FLTYI7IcLizbDA, Fig. 7 Th5, A, B, C £32070F77—HEHEE—I N
MHTE-, A, B, C OREESVIL, BEENSTNENI L, 95, 195FTH-
2o TZTHE—IRA, B, CO3BELTEIN, bH3AMBEIE TR, MEICEE
LTWaEEDNBL, /- bo LBEOTOT 7T —ENESIN TSI LD T
Ez 5N5, UTHEEEREND, JUIH< ETHROBEAER TORRETHD, 52
L SRR TORS IS BOREEL L TEIN TS,

=9, BEEEICONWTERL, Fig. 8 IKRTLII. A, B, C D 3EAETNTH
70, 90, 100CT1 0L, BHEEZEELZEZA, 3EEDNTNORIL
ETHITEASEREEDT, MO TENEHEER L.
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FIFZDITEEIC, [FENEEED FE¥EETORZE]] EnINF 1 ERRLE
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EBIcEE T 0T 7 —PRERORIIREE RN Lz, Fig. 10 ORRITRT I &<,
CO7OF7—FIREENS 7077 —FREFED TEWIHEZR Lz, 2L,
BEEMRIET 5 THSD 0.1%D SDS DI TIHEENRRFESITMHIS N, RADIE
BEENREDLI RO TRV EIHENTH B, ZOBBFOEREID. Ihs7o
F7—¥it. BEECEEHEZNELT S, LI BRohEEREEZFOEOH
HWEEES TS AR B RB SN2, TR EER TOFMARFISE L EDN
B,

4. GROFRE

KEZRIC & T, HENBERICIR NN Z R T DONEERLN. JORRZE
L TIHEMEER IR SIHICH 7= B ERAFIFA O RIREMEN S BITR FRENZEEZ 2.
TR EBER DIFENE A I = X MIRIZRIRRT TH 22N MEMEOHED Z O EIEOHK
BEBERLTWAZ LINFEFHENRNTH S S, HEEERIE. BEY S JRICES.

EEET X B TEORZVBUKEY 3 BV &0 S IR EERRRZ R L
TWBDT, [P - THEEEROA TERED DX D REMELEN L TT/R> TOFIE
Eé%ﬁﬁ&m5:&ﬁ§%tﬁ@ﬁ%%°%ﬂ%ﬁi@?%ﬁ%ﬁ%ﬁ@ﬁ%ﬁ%ﬁ:
ZAE. < OFEEENRRENTHEYD, Lo TCEREBEROFMMBRORE - 1 TF
BIIBOEHEELND, ZNL 0B kST I—0IK D BIRRB R RS DA IEER -
HEAMBEEA DA TFEEIZL D RO TRESENES A 5ND, 8D, KDLHH
DEFEHEED 5 & D %< DIFENE - WEWEEER 2 A7 ) —Z 2 L TOS T ERNETDH
5,

HEE T 077 —FPIc DN T, EEREMEORES 2 ZN0 SHHTNEMENS <
B0, BEEED, EERN - BREEOEEEHSMCLT, 51T BEF/U—
SV ERINEY, ABERERAOBES, BRI ZERS ESEETHD,
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Fig. 1. Thermo-stability of nucleoside diphosphate kinase.
Purified enzyme was heat-treated at various temperature for 5 min and assayed
activity.
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Fig.2. Thermo-stability of antibiotic hydrolyzing enzyme.
Partially purified enzyme was heat-treated at various temperature for 10 min and
assayed activity.

3 .
Q1.5 ‘
8 ! /
> L 1 L . R . .
g 0 Fig. 3. Protease assay using casein
< o0 2 4 6 8 as.a substrate.

Proteinase K (1 g) Standard protease assay was carried

out as described in Methods using casein

as a substrate and proteinase X as a protease.
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Fig. 4. Screening of thermo-stable protease.
Crude homogenate was heat-treated and assayed.
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Fig. 5. Protease assay using synthetic protease substrates.
14 Fig'. 6. FElution pattern of
12 /4 ammopeptidase activity on
1.0 1 Q column.
0.8 i —s—dAbs/mif|  Crude homogenate was applied to
0.6 — ——0p280_|| Resource Q column and eluted with
0.4 1 - linear gradient of NaCl (0.1-1.0 M).
0.2 i - ! xﬁ - Aminopeptidase activity was
0.0 ~ * * assayed.
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Fig. 7. Elution pattern of protease
activity on Resource Q) column.
Partially purified enzyme was
applied to Resource Q column and
eluted with 0.3 to 0.8 M NaCl
gradient. Protease activity was
assayed using casein as a substrate.
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Fig. & Thermo-stability of

partially purified proteases.

t heateq . .

. "70 0 ocea e Partially purified proteases were
Q90 heat-Freated at 70, 90 and 100 C for
2100%C 10 min and assayed enzyme activity

using casein as a substrate.

— A Fig.9. Optimum salt concentration

—a—g| forprotease activity.

4| Protease activity was assayed in the

presence of 0 to 3 M NaCl.
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Halophilic and thermo-stable enzymes from halophilic bacteria.

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

Summary

We have attempted to characterize halophilic enzymes, aiming at
expansion of their industrial applications. Extremely halophilic archaea
and moderately halophilic bacteria require more than 2.5 M and 0.5 M
NaCl for growth, respectively and accumulate high concentration of ions
and 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. In addition, we have found that many halophilic
enzymes showed obvious thermo-stability against heat treatment of
enzymes. This property is another advantage of halophilic enzymes for
industrial applications. Nucleoside diphosphate kinase from extremely
halophilic-archaea Was stable up to 70 C, and a certain hydrolytic
enzyme from nioderately halophilic bacteria maintained 70% activity
after boiling for 10 min.

In this study, we attempted to screen thermo-stable proteases
from halophilic bacteria, which we have isolated from the natural
habitat and stocked in this laboratory. Crude homogenates from these
strains were treated at 70 C or 90 °C for 5 min, and protease activities
were assayed for Azocoll, Azocasein, and Hammerstein casein as well as
several synthetic protease substrates. Several strains contain thermo-
stable protease activities. We partially purified proteases from one of
these strains, and confirmed that these proteases remained fully active

after boiling for 10 min.
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