9329  [MiKKREFRDEBE EREICHT SEOERBE
B REE KE  BA REEBERTF HEFH)

. BEDEMIETTERNE D LRI RETOAETT 2 BHRBERENY S
NEENTETVD, bbb NEBEEREORERBCAFTTIBEREOMBEORR. &
KEAEBEENZICLT, ZOBELBETORBERALNMNITILLEDLIC, BRICH
FBEOERBEORBEED TS, BICATR T, WED) SFHRLITFHTERE
EOBEL. FouA Y UBKERE(Leudl) AR ELTEOFABBEZHLNTLL,
¥, BEOBKEHRILL S SEEXN, 100CThAEET 5 BITFHds R E ONADPH K 37 B
3 (NADPHDH) D 4@ % FREA L 7=,

. WM TEEENEL , EOBEERITT 5D ICFREe L FTRENSBKRE
FEFBLEMT. BERGBOBEI BB LB b Bk0IF#FEdEEZ Y@L, €O
I T, 15%NaCl% S T0C DIRE LM TAF TE HITH#IFEMEE 1 #k(TDSN 9#K)
OWT., ZORAEFTo1. FENFIWICET L. V52 %054, _RTVREEZTR
Forll, oL OEEHEBREDOKED S, Bacillus licheniformisiZIri&k D
METHDEZ D HBA L, LOL,6SCTOLAEBTTES (B lichenifornisDA&EFRFER
B :55°C) Z &, GC&ENS48.4 noles % (B. licheniformis: 43-47 moles %) THoHZ &
YO AETEMOB. lichenifornisk 3 RE5Z EHh 6., HL W Bacil lusiEBMEE (Baci-
1lus sp. TSN 9) THAIZ L2 o7, ZDIF#IFHEMBacillus sp. TSN 9D LeuDHD 4=
BEEMEEET D=0, TBEOEE CHE. HOoFABBL A2 FLUIVTHL R
KT 5700l FOBEEEGETFEKBE (B coli M 109)Tra— L7, &\ LeuDH
HFEEERFO 70— VHE. coli pKULD 66-51%185Z &ICMThL . Ehd HLleuDHE B fE.
RFIZH—ITER L, FBERIEYTEES kDaoE—Z2YT1=y b (SFEE 43
kDa) 225725 8BAHEEZF LI, FBRIIHRBEONCIORINTER #E, REE., &k
DRRBICHEMEI N HEHMER L, £, NaClOEHmMIZL D BEE L EXE OB MDD
BHOON, OMEMHROFHREL ZRLHNCIOFAIRRBD LN, BE. NAT Y
v K75 23 FpKU-LD 66-51(4.7 kb) D AMFBIRFORERIIOOHNE | BROE—
KEEDBRRAE LD TN D,

WIZ, WEEME D ABIF BA A AP, furiosus DSM 3638ICmE\ i&EM: A3 AES S NADPHDH & 121E
BB, BREOEBERLIIC L, ABEOSTERII300 kDaT, 6EMAH
W Ty FOHYTFEE K50 kDa) ZHL TV, ABERORHEE LT, 80CTDH
MEMST. BHOTEOWRZMEZRTI L L. NaClOTHEMIZ K D B AZ ITHEMES N
DT ENGN 0Tz, Flo. FBEOHNXARY MVOSHNLEBEIPQQ., FhFL
DEROFEGEMBERL L TELHHALF ) TusA yTHEZ LHESI N, BE.
COBRICODVTH, BELBEOHEICOWTHRAZILIEDTND,







9329  BikFEFRDOBELHMREICH T HIEO/EREE
BRIt 5E KB BA REHBRE HEFH)

1 HrEER

ODNONWIEHHRBEM TICAET TH UM EIFERED T I ) BRBKERFRD S BKkRE
FREHNRIIL THE S HEDHEBOMBE , N AL =N A ANV T 75— DL
IR7aE%iT->TnD "2 WA kO RIZLED W< s a1 Ems. &
MIF L ETBTLERRPICMNRICIBOTEOCARERNEFETE S, SETFEEOR
R, SREDEDFET TAVWKEENNFTE . BEOHBRPICMFRETER SN
TVBD, EA 4 VRETTETLETHENEDHTHROVEEN S < IR DLERISHET
MICENTVWD, AMERTIE, MAETEEUEI S, P OFEEEZRIHRZELEH
T, INFETHREDSIN TR WIFBMFEE OB NS Oy M%ERAI, 185N 2
IFEE OB E., BiZOA > U BKFEBE (Leudll, EC 1.4 1. DERRIIL T, TOBELH
RREORBEWRLNICTHELEDHIT, FNHIINTHEOFMBIELE OMRRAZEDI,
OO IIIBLS ., BRELIFAEDROLeDIDELFEY ., BEFIFNFEICILEEL
WEEOMUSLICAEOMREEZ T > THDAMAXBTNDHDT, ABZERENZELRL",

2 WRAGZ

2. 1 HFARFEEODEEE

M EAE CLEMD @< . DO ENE R THKEMEZELZBLIEMNT, BHABORE (R
WHTRERF B ASEURNT i) O & ML L . ALK 1 (Table 1) O FHigbE M T50C
TR EEO A T- 70, FonH#Boaa=——n5%, 5% WV REFETTD
AFTHPEEFIATERE LKTNDICOWTHEEEZIT>7. BIEDHDERE, 41t
SRR IIEMEFE R R ERFSEN) KB LE, £/, BOWNADGCE EIXDNAZ 18
bk, BEEREI/OT NI T T 4 —ICEDNHET TICE > THREL, ZDMEEDHR
& HEE OET WM ETS L DSM (Deulsche Sammulung von Mikroorganismen,
Braunschweig, Germany) iIZ{&KHL 7=,

2. 2 LeuDiiFEHORMEEL Y VNIV EDEEE
LeuDUDiEMEMIEL, BT 2 J IIETIX10 oM L-a 4 > >, 5 oM NAD, 100 mMZ"Y) > /-
NaOH#Z @i (pH 10.5), 1.0 M NaCl, RUBEL &4 CHAE (1.0 nl) Z AW TNADHD
HEREE A, FMRICOT 2 JALRIGTIE, 0.2 mM NADIH, 1.0 M NH.Ol-NH.CI#% &
(p 9.6), 1.0 M NaClRUBSZEZ &L CHIA R (1.0 nl) % AV TNADHD LA & B % 50°C
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THHFENNTI40mD R NEZ B L Tir->7 . ¥ 287 BloE T ZKalb and Bernlohr
DHE BN,

2. 3 MEOEE

B> 598 L7-E (Bacillus sp. TSN9)IX10%NaCl% & dckiHh (Table 1, Medium 1)%
AOTE0CTIFRMICIRE DS N/, Escherichia coli JM1090D 2 /E H: i bk IZ LBES He
(Medium 2) Z AINT3TCTHE I N, LIITIG L T2%%8K, 25mg/ml ampicillin, 120
mg/ml isopropyl-p3-D-thiogalactopyranoside (IPTG), 100 mg/ml 5-bromo-4-chloro-3-
indole- B-D-galactoside (X-Gal)2Medium 2IZ#mME N7z,

2. 4 DNADIZu—=r7&LeuDBBFDEEETIO®RE

Bacillus sp. TSNID B {ADNAIZSaito and Miurad FiE7 ICL DAL L7, Hindll T
B EAE L2 g ADNA(IO  g) DWT AT 5 A X FpUCL8 (2 g) DIlind M Y)WTERAZ~IF A
SNTz, MR ZXMKE. coli libraryiXampicillin, IPTG, X-Gal#% & 3rLBYERIEMIZE VT
EIRS N/, LeuDliE: & b DA X AL col IZIGMES LS TRIRS N, MR T T
A K (recombinant plasmid pkuldh66-51)iZLeuDlli&tE% b OHIRX A 66Nz,
TI7U—Z VD EREE R MRS EDDIT, FLIFEASINIINMWIA 2T 5701
fThniz, LeuDHiGEE % bOTEERREASER SN, TOBEREUIME S Nz, Fhe,
WAT T AI RN EWIEMZ T IRE IR S B S . DNADK LRI Z T T 5
(sequencing) 7= I A I N7-, HZEAINIZAB 3704 DNA sequencer® W THFENs Y
TEIXFUETRES NI,

2. 5 LeuDHD¥ERY

HEOBFIZL TER(0~6C) TirbN e, EUfiliyg s L T0.01% 2-A)Lh Tk
57— MET) &1 mM EDTAZ¥AOL 7210 mMY) > BEAZME (pll 7. 2)DMEM S iz,

2. 5. 1 #NE\

BECTEONIHMIBXMAE col i O (RER: 50g) (0. 85%NaClEF Z A . &Ly
BE (10,000 g 109[E) %22 T-> THRE L&, 410 nlOBERTERET S, TOBREK
ZBEHELAE 309 K&K -> THRBER LK. 1.0 M NaClEZHmInsT 5, TOHBEEER®
ZOSCTHOMBMEL , WBERET S, LEOMEBREBEEREMOTENT L.

2. 5. 2 BT VEZJVLHE

B OBEZE B R IBES 0 AMO W7 Yo Lk A . AN T DB Z & 008
THET S, 610, LBERICERBETRMOFRET €27 A% A Eo0#EE (T
J. BONTUBYME NEDOREGHR CEMRI S %, BRITKTENT S,
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2. 5. 3 DEAE-Toyopear! 4 4 VX8I~ I 57 4 —

FEHTIE DB R T % DEAE-Toyopear! 650MD A7 4 (3.0 X 20 ecm) ICWE LiAT, 0. 15 M KCI
EEURBRERTH I LR KRR, 0.16 M KCI A SLRERTHEL B T5, EHEY %
DO THIBHEREBREZRAS8 (Anicon PMI0 membrane) iZ& - TR 5,

2. 6 TEEREBORLEERIIEN (steady state kinetic analyses)

B w9 1L Cleland D AL (ICHE » TiTh N7z, Michaelis constant (Km)id4&
HRE L RICHEEDOY TV 7T ay 66N oHu &b S 1 DDIHDEED
T Oy RS ESIR:,

3. BR
3. 1 SEEOEE

BAEBOMWED? S L 7 6ok L 7o iF 2T R TSNOBE & (812 9 B 7o b (TR -
fbF 95 % 17 - 7= (Table 2) . AWOAEFTIMEILI0~65CTH Y . moB AT @A
5~50CTHDHND T, AENIDEEIFARTH D, AHDLH TE 2R EHE D ONaClRE
50 CTIE2~15% (W/ V)T, 55°CTILI0% AT Tdh » 7z 50°CT DR EA: T NaClizE 1L 3%
Tholze KEIEAMELFOMLSxdunD K ESOMFEFig DT, FRMICEFTTHZ
. BFEREE LI LA ED SBacillusBHIRTHB, X6, 4 DEM - 41k
FHIT A D6 Bacillus licheniformisiCibIMOMETH S Z ENHAENIT/E -T2,
L2L. BE&EODB. licheniformisTIZAET TERVECTOLAETTEAHI & &, DNADGCE
ENEWVWZ ENSL, HTLWIFATEMBaci llusBMETHH EE X 5., Bacillus sp.
TSN9 & v L 7o ‘

3. 2 LeuDH gene@ru—=—>% .

Bacillus sp. TSNODMAEZE L& O LeuDlyEYE (HiGtE - 0.44 unit/mg) ZHL T
D EHICEEA ST ST L. KD MERERELYENT LI L, BETFORELIOD
RED S —REEDMRPE 1T 72H 2. LeuDlDEEFOE. coliTOr/Oa -7 %&17-
7o 940000 AWM VEA AL L 72 I E gz itk (transformant) 2 SEEREKIZL > T
LeuDHDAEFE k& MR L 7o/ R, LewDlZ2£ET D 1 D00 —% 87, ZOMRIE
E. coli’n 8.0 kb XDl x 75 A 3 FpKULD66 (recombinant plasmid, pKULD66) %
B o, YT 70— 7&K 5T T kb¥ A XDR%&T S X 3 KpKULDB6-51(dele-
tion plasmid pKULDB6-51) % H T+ S LeuDll 2 AEPET A HE B B/ (Fig. 2) - £
DMEFE DLeuDI D HiE M 1ZBacillus sp. TSNODHIFF BB O HIEHE LD bIVAEED - 1,

3. 3 Bacillus sp. TSN9DLeuDHD ¥ & & (=T leudh geneDEHERIIDORE
75 A 3 NpKULD66-51DLeudllZz a— K3 51.7 kb DNAD I ILT HIAS Y T % VI TIRE
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ANtz ZOWRES NIz leudh gene®ORFIZ364T 2 J ik E I — K9 51092 bpr bl 5,
ZDBED—KHEE (Fig. 3)ICBVT, AsplsTh 5G1u93FE T O & & BBHL & LysTan &
Clu20TE TOMBEZEEHLULVBETE D, AR LMD EYdKDLeudlD— k& (7
BRI EFHETHERVHENB%LL L) Bh 6N, ol T I BEIE O
BRLEKTHET VY I VEERKEBER T VT T = Y BUKERE S £ ONAD(P) K
FHDT 3 ) BMKEREER & GBS E O, EdnanikilL D RE S N HEREERON-Kik
TXBESOT I BEINIINADE AR L EBES N LRI E L —BL TV,

3. 4 LeuDHEHY

LeuDHIZBAZAER | BREET EZ U LM, A A VBRI O~v NI 5T 4 — D 3FMDIRE
TR THIEICEFEICHER T &z (Table 3), ZOKBINAFEILSIS-K) T2
W7 I KEXIUKE)(SDS-PAGE) TH—D NV FELTKE LD T, AMEERITEMET
B,

8.5 HFELHTazv MEE

V5@ (IPLC:TSK gel G3000SWIZL » THED Y FHEEIL360 kDa(Fay )L k >)
EREE N, F72. SDS-PAGEIC L » TRD /1D FHEEILS kDaTh o712 &b Kb
FZEHTEHELBE—DY T 1=y "6k b8E8RBELL LI LVPLNITE T,

3. 6 LEMLEDER

ARBEZ L EME D 2 D I IR DONaCl 2 TR L7z, $78b B3 MULT ONaCl & BE R B A
HWNT B E > TREOLREDNREON, LML, 3 MU EORE TEIBREHELEDE
THRH SN (Fig. ). £/, KOIOEHLHEATHENDRELLETLIL L. ABEER
2.5 M NaClOHMIZ L » TIROBOWERELA RSN, 66C, 107EOMETIZLKREL
7o\, 2.5 W NaCIFZEFTD65°C. 109 M DMIE T, pll 6.5~8.5CROEETH » 1o
X500, BEEIZL.0 M NaCl, 0.01% MET, 1 mM EDTA% &3r10 nMY) ERAZE# (ol 7. ) h T,
30CTAH 7 Lb6r AMIZEIELS, KEICRFETEZ L, LoL., 0.125 M NaClOFFIET
Tid, 08 LATRBEFEEDE FIZED S5Nz0AT, 5B KRICIEMHS0MTETL. 081K
THRELINLELE, TNH5DZ LLEBREDONCINVBELELELTEHIEERL TS,

3. 7 BEEMICREIIpHOEE
LeuDHDL-tT 4 ¥ > (L-Leuw) dE{EMINE 7 I J IG (1 M NaCl%& &350. 2M glycine-NaOH
REHR) DR EpHIZ10. SMEICR 6N, —FH. a=r bV ATOVEE, a-T hAVE
BERE, a-7 NEEBOT I ERIG (1 M NaClZ &30 M NILCl-NH.C 1Az 7 #) O 5@
pllid. FNFN9.28, 8.76, 8.715TH » 7=,
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3. 8 EERRM L RICHEE RN

ABEORT I ) RUT I LIS IZ B I H 5 (Table 4) 1XB. sphaericus®
. %Thermoactinomyces intermedius'" @LeuDH&IZIFMMUL . L-DUEl 7 I JEEE TN HD
FRTFOSRRIFREEE 570, ABFFEIIB. sphaericus DB R LI RLVL-TI=
. RItEE R T RESRED LN S,

AMEOMT X ) RICOFBEERMITA S . WEEOHE (1/v) & 1/[NADID F T )b
TOy bR IGERBE A S AT, KIS, BT 2 AERISICE VLTI, NADE, a-4 b
AVAhTarEE KIO., s 3EBHED L, 1 KEE—CREOSRBEFESTHERMHTT
O2HEOREEZEZ. ¥ TIVERT Ty N EDMEERITEIT >, TOMR. NADH
FRENLS—ETHRBEFEL., MO 2HKERELAIEDELZD2O05 T)VEHT O v
MIWTNOZERTEE . KICOTEIRETFET TNADHENHIREDS DI ED &R TFTOY TV
BT Oy MIFTMELT S A, ZORRIE, ABMEORT 3 ) RISTIE 2 AN NAE
KERICEE L. 3 RICEMDIAEICEFE ) 5li#t 3 5Sequential Ordered Bi-TerffgT
ETTHIEERLTWD, F70, BREFLETTY TIWEHT O v bR FTREZE X
TKICHBEZEDN S ZHBICEHT HRISEMTH D, WEEMHr2r 5NAD, L-Leu, NADI,
KIC, NHsDKnfElZ2. 1, 0.31, 0.25, 1.0, 330 mMEBE XN, F/o, thOELEHD
L-Ile, L-Val, a-7 FAVEEF., a-7 FEEROKnEIX, TnEhn3. 3, 12.5, 3.8,
2.4 iMERES NIz o NADHE NI D KnflE 23 b D HIEE Sk OB AT HB L T, K EWEEHER
HoEND, KIC. T3 LIS BT BNADE L-Leud FUTE WL E DR Z2 B/, €D
5. NADIZNADH. KIC, NHsiz® L €. FnFhCompetitive Inhibition (Com) & Uncom-
petitive Inhibition (Un), UnD#kX%ERL 7%, —7. L-LeuldNADH, KIC, NHsiZ® L T\
ZNnFNUn, Noncompetilive Inhibition (Non), NonD#fXZERLI. TN HDREHKK
"o, ABEDRT I JAERICIINADE L-Leuh Z DIRF TEERICHE Lk, ko sEx
JG#% . NHs, KIC, NADHONEF: TRIGEMD BEE D 583 5 Sequential Ordered Bi-Terk
BCEITTHIENWOENI Tz, ZORIGHEIZB. sphaericus'® $°Corynebacte-
rium pseudodiphtheriticumn'® MLeuDllDFHE L BALTH5B,

3. 9 BEFEHRICHTHAEDESR

AEZEOKRT I ) BUSRUT I JAERUGIZEB W T, NaCl, LiCl, KCl7z L& DD #hnz)R
RN, MBEERICE DIZ, NaCl EKCI Tl & 17z, Lo L. RbCl, CsCITIXIEE
RIGTERN R > Tz, 7o, LiCl, NML.CITIEZE L BREUIIES N (Fig. 5),
Froo LM U LEDBEDONCIFETT, EEL-Leuk MiFFENADDKn2SZE L < WAL, BEHR
EHGOBEFMEAINaCIIC L » THHBEENDZ LDV 5 7= (Fig. 6), &5, Nall
HBINMCE BBEED a-~N) v 7 AEOTLEC (M2 @) AT MVOEIZE > T
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Lzl ah 1~3 MW NaClDEIMTa-~NY v 7 AREE0 a2 s s e, —Ji. B,
sphaericus R U'B. stearothermophilus®LueDlI® ®' Tidk. NaCl, KCI, HCOONa, CllaCOONa>
BINREDEINE L DICHEDFHELIRONT ., WICBL RO LN, ZTOE.
NaCl, KCliZ X HBacillus sp. TSNIOBEZE DGVEALIEF AN TH 5

4. ERLSKRORH

ABFFRICE D . NaCLIBEEAYISRE T, HER A6 CE CTHERTE DI BRI % 0 Al
DFEEW»SHEEL . ZNhH3B. LichaeniformisiCABEDOFMTHLZ Ex2WHNITL .,
Bacillus sp. TSN9& @& L7z, Bacillus sp. TSNODLeuDll®D#E({ZF%E. coliTru—=
YTTHIEIWHINL . BEREE RN T AL & BHIT, B col iDMIAEZE D S M{EIC LeuDll
FRTELTEEHEILL 7o, MM EOREZFMEHEWS ML, b MEH kD
LeuDH& [t# 9% & (Table 5) o ARFED 9 THEH360 KDaBs XU 8 mhhsa L5 &
BICKHMAMDOMBIROOND T LR DA T, IAEKRMRET. intermedius' '’ DEf
ZEHML TS, Bacillus sp. TSN9DLeuDlI&T. intermediusZUF. B. stearothermo-
philus®D —KHEEDMENEIL . FNRFNT8. 1, 86. 8% & JER @< . MIRERAE &Y 1 bk
e A4 MBSO —RIEE LORTFESROONS, iz, VIV I VEENKE
BEERT 22 )VT T = UK FEREZ 70 E b ONAD (P (R AFVEN K /% 5 & b — R HEE LIS
WHEBEA RO O, BEEDSTHEEEEZ D ETHRUNOIEND, AFRICE - THF
PR E DO LeuDHDEGEIZ K B %@ (b LG AL 7 & O BE BB 33 B MBS IS PA 3 2 F5 (8
MREWEEIN/ZD, TNSDRED —RIEEDT I ) WERIIORE & L THRIET HITIE.
AR TRHE-> T, MOKRBREICHTHEHEMZ S 5ICFMICH F LV THS
WIS DI, ML OFFRALT 1R E b oD Leudlld — kK fE LOBHREEML
HBURE T2 L 010, & S 2B TS0 BAERIE 7 & 10 & 2 WRAT & X 4R HESHRHT 10 &
HEEE L WRROMEOMY 2L 2 S SICEDLLENRHLHEHZZ LN,
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Table 1. Basic media for microorganisms.

Medium 1 Medium 2 (LB medium)

0.5% Peptone 1.0% Peptone

0.2% Glycerol 0.5% Yeast extract

0.2% Yeast extract 0.5% NaCl

0.2% Ehrlich meal cxtract

0.2% K2llPO4-2H20 pll 7.0 was adjusted with
0.1% KIl2PO4 3N NaoOll

0.01% MgS04-TH20

0.005% CaCl2

2-15% NaCl

pll 7.2 was adjusted with 3N NaOll

Table 2. Biochemical and physiological tests.

Test TSN9 B. licheniformis Bergey's manual
JCH 2505 B. licheniformis
Gram reaction + +
Shape Rod Rod
Spore formation + +
Anaerobic growth + + +
Aerobic growth + +
Motility + +
Glucose gas - - -
Catalase + + +
OF F F F
Glucose + + +
L-Alabinose + + +
D-Xylose + + +
D-Manni tol + + +
VP + + +
VP (pll) 6.4 6.1 <6
Shimon’s citric acid + + +
Propionic acid + + +
Casein + + +
Starch + + +
Gelatin + + +
Phenylalanine - - -
Sodium nitrate + + +
Indol - - -
Urea + d
Grovth at pll 6.8 + + +
pll 5.7 + + +
Growth at 2% NaCl + + +
5% NaCl + + +
T% NaCl + + +
10% NaCl + + ND
15% NaCl + ND ND
Growth at 5°C - - -
10°C - - -
30°C + + +
40°C + + +
50°C + + +
55°C + + +
65°C + - -
GC content 48.36 moles ¥ ND 43-4Tmoles %
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Table 3. Purification of LeuDH from E. coli pKULD66-51 cells.
Steps® Total Total  Specific
protein- activity activity . Yield
(mg) (units) (units/mg) (%)
1. lleat treatment 5,610 61, 300 10.9 100
2. Ammonium sulfate 1,400 36, 000 25.17 59
fractionation
3. DEAE-Toyopear] 136 18, 800 138 31

a) Wet weight of E. coli pKULD66-51 used was 50 g

Table 4. Substrate specificity of LeuDH.

Substrate (10mM) Relative Substrate (10mM) Relative
(deamination) activity (amination) activity
L-Leucine 100 a -Ketoisocaproate 100

L-Isoleucine 72 o -Ketoisovalerate 140
L-Valine 59 o -Ketovalerate 96
L-B -Aminobutyrate 32 a -Ketobutyrate 70
S-Methyl-L-cystein 19 o -Ketocaproate 69
L-Alanine 10 Pyruvate 2
L-Norleucine 7 a-Ketoglutarate 0
D-Leucine 0 Phenylpyruvate 0
L-Phenylalanine 0 Oxaloacetate 0
L-Glutamate 0

L-Threnine 0
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Table 5. Comparison of prperties of Bacillus sp. TSN9 LeuDH with those of
other bacterial LeuDHs.

Properties Bacillus B. sphaericus B. stearo- T. intermedius
sp. TSN 9 thermophi lus
Molecular mass(KDa) 360 245 300 340
Subunit (KDa) 8(43) 6(41) 6(49) 8(42)
Number of Amino acids 364 --= 429 366
Optimum pll (deamination) 10.3 10.7 11.0 10.5
(amination) 9-9.5 9.0 9-9.5 9-9.5

Thermostability >65C >60°C >70C >65C
Stabilization with salts + — - +
Coenzyme specificity (Km: mM)

NAD 0.3] 0.39 0.49 0. 36

NADII 0.25 0.35 -—= 0.042
Substrate specificity (Km : mM)

L-Leu 100 (2. 1) 100 (1.0) 100 (4.4) 100(2.0)

L-Val : 59 (---) 74 (1.7 98 (3.9) 87(2.4)

L-1le 70 (3.3) 58 (1.8) 73 (1. 4) 89(0. 4)
Reaction Sequential Sequential -—=- Partially random
mechanism Bi-Ter Bi-Ter , Bi-Ter

Fig. 1. Erectron microscopic image of Bacillus sp. TSN9.
Bar indicates 1um-length.
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plac  Sall Eco RI Nrul Hin dIll
— |y ; [
1 885 1455 1998

Fig. 2. Restriction map and pKULD66-51 and DNA sequencing strategy
The single line represents Lhe non-essential region of the
insert and the dark line represents the essential region for
LeuDH activity.

substrate bind-
50 IRAARRARARRARARRS
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80 100
AAAGLNLGGGKTVIIGDPRKDKNEEMFRAFGRY IQGLNGRYITAEDVGTTVEDMDI IHDETDFVTGISP
2. AAAGLNLGGGKTVIIGDPRKDKNEAMFRALGRFIQGLNGRYITAEDVGTTVEDMDI IIEETRYVTGVSP
3. AAAGLNLGGGKTVIIGDPRKDKNEAMFRAFGRFIQGLNGRYITAEDVGTTVADMDI IHNDETDFVTGISP

coenzyme binding region

150 200
AFGSSGNPSPVTAYGVYKGMKAAAKAAFGTDSLEGKTVAVQGVGNVAYNLCRILIEEGAKL ITVTDINKE
AFGSSGNPSPVTAYGVYRGMKAAAKEAFGDDSLEGKVVAVQGVGHVAYELCKHLINGGAKL IVTDINKE
AFGSSGNPSPATAYGVYKGMKAAAKEAFGTDSLEGK VVAVQGVGNVAYHLERHLUEEGAKL IVTD INKE

SN

el

250
AVERAVAEFGARAVDPDD1YSQECDIYAPCALGATINDDT IPQLKAKVIAGAANNQLKETRHGDQ I HDM
NADRAVQEFGAEFVHPDKIYDVECDIFAPCALGATINDET IERLKCKVVAGSANNQLKEERHGKMLEEK
VVARAVEEFGAKAVDPNDIYGVECDIFAPCALGGI INDQTIPQLKAKVIAGSADNQLKEPRHGDI [HEM

QO DN —

300
GIVYAPDYVINAGGVINVADELYGYNSERALKKVEGIYGNIERVLEISKRDRIPTYLAADRLAEERIER
GIVYAPDYVINAGGVINVADELLGYNRERAMKKVEG IYDKILKVFEIALRDGIPSYLAADRMAEER [EX
. GIVYAPDYVINAGGVINVADELYGYNRERAMKKIEQIYDNIEKVFATAKRDNIPTYVAADRMAEERIET

350 364
1. MRQSRSQFLQNGHHILSRR
2. MRKTRSTFLQDQRNLINFNNK
3. MRKAASQFLQNGHHILSRRPRPLTAARAGLRRADDGGTTTMQEQKFRILTINPGSTSTKIGVFENERAI
366

429
L.
2
3. ASKKRSATRAGASAI

Fig. 3. Amino acid sequences of Bacillus sp. TSN9 (1), T. intermedius
(2)'" and B. stearothermophilus (3)% LeuDls.
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Fig. 4. Effects of NaCl and temperature on the heat stability of the enzyme.
(A) The enzyme was subjected to heat treatment in 10 mM K-phosphate
buf fer(pll 7.4) containing 2-mercaptoethanol and various concentra-
tions of NaCl at 65°C (O) and 70°C (@) for 15 min. (B) The enzyme
in the above buffer containing 2.5 M NaCl vas incubated at 60 (O),

65 (@), 70 (A) and 75(A)°C.
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Fig. 5. Effect of salts on the LeuDH acti-
vities. The enzyme vas assayed for
the L-leucine deamination (A) and
a-ketoisocaproate (B) under the
standard conditions containing
various consentrations of LiCl(Q),
NaCl (@), KCI(A), RbCi(A), CsCl
(O) or NHLCI(H).
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Fig. 6. Effects of NaCl on the Km

values for L-Leu and NAD.
Km values for L-Leu (O)
and NAD (@).



Effect of Slats on the Structure and Function of Dehydrogenase
Toshihisa OHSHIMA

Depertment of Science, Kyoto University of FEducation

Summary

We have screened thermophilic and halophilic microorga-
nisms for stable and halotolerant NAD dependent dehydrogena-
ses, and isolated a bacterial train from the sands in Kumi-
hama coast, Kyoto prefecture. This Dbacterium was ableto
grow at 65°C and in the presence of 15% NaCl, and identified
as a new strain of Bacillus species. The new strain was
named as Bacillus sp. TSN9. This strain exhibited high
activity of NAD-dependent leucine dehydrogenase (L-Leucine:
- NAD oxidoreductase, EC 1.4.1.9). Leucine dehydrogenase gene
from the Bacillus sp. TSN9 was cloned into E. coli JM 109
with a vector plasmid, pUC18 and sequenced. The enzyme from
E. coli cells carrying the recombinantplasmid pKULD66-51
(4.7 kb) was easily purified to homogeneity by heat treat-
ment, ammonium sulfate fractionation and DEAE-Toyopearl
column chromatography with a yield of 31%Z. The molecular
mass of the native enzyme was estimated to be 360 kDa. The
enzyme consists of eight subunits identical in a molecular
mass (43 kDa). The enzyme showed higher thermal stability
at high concentrations (1 to 3 M) of NaCl and retained its
full activity on heating at 65°C for 1 hour in the presence
of 2.5 M NaCl. The enzyme could be stored for more +than 6
months in the standard buffer containing 1.0 M at 30°C. The
enzyme activity was stimulated by the addition of 1 M NaCl
and inactivated with LiCl and NHACl. The enzyme‘of Bacillus
sp. TSN9 1is very similar in many aspects to that of

Thermoactinomyces intermedius.
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