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Sk A BERSES FIIIEE. BB, SHERCELTH D, ZTORD
REMRH DY, BHETH S HFICBEIEGRISORBI2MELTHD.
EHOENELHEL B, o T, BEMEZERTIHE. BEbicEaseH
BT DRI BDI TRV, £H2EMTIEDOBELRFENIPD RS
25T LEEEVEV, BIZIE. B FRRLDELOEYEDT ) LAIGHES]
DBRESN TN AT, REDHICIZERRBORFIERIHEL TEE,
NoDOBRITZNEKTEZEZOBEDLETTH D, ¥/ LAEZETHRALELZS
TEMEAT LBRT BRICIIRS BV SHEDY ) AMERIL. T ZIT@AH
EXATNTVIOPEBEHDP L. TADBEDE> REEZLST. YD X
SITHEERRELTVWAPEEMLTVSET, BFUHTEETLBLEZS
N2. £ BEEZOBWVEEELKEHOBZIC, TEZRAMEL LT,
BOWRIAMEDE S LARFEh TS, L L. BRE—RICFRETZOR
RE&GEPELATLE> TS, BRABRZTCHMENP LR Y-V T L
TR BILDBNY, BEEZEZNCHAT IR, EEFr7o0—=V 7 &
RROBEFZCLVZOEEMZED 2L L HIT. BROFDHIEE (pH &
M. RERNE, BERRENZY) 2EERECHDEC. RELT 2 HESD
%, BEBSh TV 2 HEEEEEEEICE T 2 MR S BROBEZRFL IV
THEML, ZhCESWTEEOHRBI W EBEZRIT 2 LRI AT
W3, ’
BEOMEISREN TR EOIHEEC L > TEABINTED., 20
VSRR EEERLTWS T I BORFIC LT, IFF—BHICRkE S
LEDLNTWR (PU74VECDRIT) . o7, FRENCE7 I VBE
7l (b L IEETOEEERS) SorhiE. Z22HhofEs. &5 IHEE
CERETIENTESL LIRS, L LEBR. BROBEMEREICE
LT/ o— W REIIZRVWEENTWERWOT, TY4 > U EEED,
POL3RTIBENDPSERTCE20D2FUTIEZRETHZODE
WRThH B, RERNREROEDICS,. TEHFAOEDICH., &L iED



BIcET2MRERERLTHL L, BHEREOAGETH 3. BICTHE
(B OTTIE. SEBED T+ —ILF 4 > 7 DBEOR SR L2 b E b
DODAED., EEMEEEOMEICBNT, BHUEENRRELWE 5, ik
(AT 2 MR SRS MEHODONETH 5 L T, EE~OIKHADERE
EhBEHBTH .

| BROWEMME (X ZOMOME) OFECRVTE. BECERE AR
T. TOHER. MHE (LOME) BXOL> Bk LED,. BRT3HEH
MOhTWND, ZhoBABIEOMETIE. RANLT I BERE site-
directed WHA LCELI. RECEFLEEOH 27 I BRELZAELE
D, BBNE. 2LV FALERPBALTREMBELAMLED TS
LB RTNB. L L. BAREND 2 RE3EABEORGHEE. %o
2D, FREYTEATHWL DTRPESEV.. BRAICIE, BEREDL >
CEEEBCAEETAEMPEEL. TOLETIRBEEBEEECERLT
WBLEZBhB, ZIT. CALORBEAEEE L SEEEROMEE S LB
Thid. AEEEROTALTIENTES, D% . BNELEOMEE
FRLIE O, FEMEEL HMMEBEEORER LB LT, el
EBNEBELTFIBERFML L TEABORELEORRLE BIETE
kb, SEEICHT B ERNZEBENES 5 LI, WMEREHER O

A

BTEB L3 RBLEETED, ZOEDICIE. HELEELYHET 20K
U EBEROBRILEC R >TL Bo

3 b (L2 AR D R 72 LB I AR 2 51 B ECABR T
BThHoLEILNGD, BEMEELHAMIBEE 2 EBICRE LT, B0
Bk FEMLEHREE $ T RARIC HERE LTV 3R ZMELS Q3R
Ve ZRIEETE LT, ZOLIBBIFCELEYRF AN, £, TRELS
CEBEIN VAN L L2 DL BbN3, Bk LMD LETE %
BEETTHLIILEZ L, POLIRERERBT I, BT LHK
THBo D BVWHBEHERERET 22 DONREREEREOEREIILL
FTDL> R B, 1. BYRLEBEFIEET 55, HAMBEIIEBTETH,



BEEMOHENSEFEITNIERS RV, HRICETERY (FAAvnr) 2H
Wb, HHRE. BE. BEECELMPBENLHERZERIEITERNWEDT
Hb. Th. HENZOBEPHESRARINTNE DI, 2. EHE
DODREDPBEZRTHIE, BROLDIT. EENICHEZBRETELHDEES,
EMBAERDPEERYDPBELTNS, 3. TECHBINI2IDEES, X1 7
A TREBEDPFELSAREBTES D, DLLGHEAZEREL LTRECE
ETEDh. BEIIAED. RETEZD, LBETIBEISRII+SE. BE
TEBRILDPBOTCEETCHD. U EOXRHZEHET. MEEBRZ 2. L&
FEOMBE LTHELTWREZI NG, £z, MAMBRIZhERDE
AEDPEW. fIZ I, FRE DNA ORBIERMTTH %5 PCR &, d & &, Klenow
RUVAS—ERFERAINTVT. REELIX MOPDPEEMTH o= FHE
Thermus aquaticus HEDMEE RV XA S —EBHANWLNBE LSITRD. PCR &
T, BERERE R, EHRRCKEFE2IZ5LEDTH D, 1IPICD,
EHECSEER YOS FORBROEEFADPLELALSNA TS,
Thermococcus kodakaraensis KOD1 1%, BEREB/NEEORSILD O HMEh
BRI ETH %, TONBITOEEIR 102°C. pHIE 58 TH 5. ETIE
MBI LV ERINEREDR. BF lum OFRERETCEAOBHEZELT
W3 (Fig. 0-1) - KOD1 iZMBEBRTHREREBER CTH 220, BT OREZE
FTLTHS 24ET 5, £FEEZ 65°CH5 95S°CTERREIX 90°CTH 5,
HEEE pH X 7.0 EEEHBEER 3% TH 5. KOD1 T GC EE (38%)
¥ 16S rRNA DRI S Thermococcales DA 2 IN—TH BBHRBEINT
W5, 16S IRNA OESFHERD R S LT W B DIX Thermococcus celer TH > 1=o
EEDPLSIEINFETIC. DNAER, B, FRICELIEHES. BRARAH
RISz T 2BREFPEHEINTNS (Table 0-1) « ChEDOEHEZIILYD
LT BEKRESFIE T kodakaraensis KOD1 ODEB L TWA LS R EEEEIC
BHLTEY. WThBWREEZE LTV, AEDPLEHINEEBRD
FiZid PCR PESFULEMOABF AT THI808H D, SRIEH
BROBEIHGINS. k. FABRZSLTEFAEISEHEILDILE



RS2V, 22T, BIFARHESOELBTL, OEABRE~NGHATE?
LI RALEEEEEET -0, ABOEET 2BEOMALEED
BITDBDZENTW\W3, KEDEAETIEBEDEOPIZ. N7 ) PHEOE
RrBEVEEMEELTEY., KEREICELAMBNTHELEEZ 2. 2hb
DR EES T, ERCENRILEREITL D00, £/, TOVRAFAK

FEDLS At BRI 5D 2K L 20

o
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Fig0-1 FBIFEMRIRE Thermococcus kodakaraensis KOD1 DEFIEMEEE



Table 0-1 Thermococcus kodakaraensis KOD1 25 BRI N/-ZBHEDH)

EREA
Thiolprotease
o-Amylase
4-o.-Glucanotransferase
B-Glycosidase
Aspartyl-tRNA synthetase
TATAbinding protein
RecA/RADS1 homologue
Indolepyruvate ferredoxin oxidereductase
Glutamine synthetase
DNA polymerase
Glutamate dehydrogenase
O°-methylguanine-DNA methyltransferase
RNaseHII
Glycerol kinase
Ribulose-bisphosphate carboxylase/oxygenase
Second subunit of chaperonin
Histone
Flagellin
TBP-interacting protein
Chitinase
CDC48/VCP homologue
Intein homing endonucleasell
Tryptophan synthase
DNA ligase
Subtilisin

ERE MK

Aspartyl-tRNA & B
REERGMET
DNA &%

TIWE I UBERKR
DNA 8885
TS I U EERKEREE

DNA/RNA N1 7 U v R RNA D5H&
Glycerol M) »EAL

BHEIA—NT4 2T
DNA #&

WE

EEREET
BRSO

DNA D5 &
Tryptophan &5%
DNA Ef
BEHEMKS R



AR TRABECKERL EORREENTESHRINTSD, 51,
TSR A i B 883D 51TV B glycerol kinase & subtilisin ¥ Ser protease %
EVHITT, BEHEOBLELEE. BICBARTEBELZHETT 5 BNTHZEZ
fFo7-. 1B T T kodakaraensis KOD1 25 glycerol kinase (Tk-GK) @
BEFEI/O-—ZUFL., TORE, BEREBEL T, BE EBKEOHREN
EATD E. coli B3R glycerol kinase (Ec-GK) &HB L7z, E2ETI.
1 BEOKERMEINE. BEEDRVRBEINS Tk-GK O#EEZ Ec-GK 1T,
BALE, BIETIE. E2ELRIRABEANS, Tk-GK & Ec-GK D
7, Tk-GK OREEARFRBEL THDAEENEN I EWah > 7z,
4B T IO LEROREES BB L T.T. kodakaraensis KOD1 O subtilisin %
KRBICREBT HR2HEEL ., HEFHHROD subtilisin B ELBHFEZB 720
7z



F1E
B T B 0A R B i 3R glycerol kinase (Tk-GK) O R M Hr

-1 EHxR

7Y tro—)LFF+—t (EC 2.4.1.30; ATP: glycerol 3-phosphotransferase, GK)
1. Mg, ATP KEHDOBEFE T glycerol 2V BILL T, TXINF—RFERB
LY VEEERRICBITZ2EELPEREIY glycerol-3-phosphate & AR T 5
RiGEMESTS (1) . GK INIZFUTNEE FIESETE OEYREIC
FELTBD., GK 20— RT3 E<<0ERTFRIO—Z2 TN, ZOH
EEFINEEINT NS, N5 DML, KIBE (2) .« Bacillus subtilis  (3) .
Pseudomonas aeruginosa (4) . Enterococcus casseliflavus (5) @ glpK BIEFD
1EM. Saccharomyces cerevisine @ GUT1 BEZTF (6) R hD Xp EETF (1) A
FENTNS, E5IT. W DRLDEYED, £5°/ L DNA EFIREITL-
T® Archaeoglobus fulgidus D5 ) 1T —4 & LT GenBank IZ AE001044 D7
DrwialFoN—TRHINTWBEFIDOLSIZ GK OF 2/ EEFIZEE
THERNDBELEINTVS, INS5DT7 I/ REFZHETSHE, GK OF
2 BEINIEBEN IS BREIN TS Z N5, fIZE KIBE O GK &
t hDGK DAEEMHEIZSI%HHo7=. GK i glycerol RFBRITHBITHEER
BZETHIDIEYELOBRETH £ O KBEICIIEE. EBRENEL 2k
D7D TN EZEZ NS,

¥HD GK OFIZH>TKRBED GK (Ec-GK) 1S, HEEEDITXH
KINTWD, ZOEEFEIT Glycerol BREFOEREEZH>THD, =D
DY OATF) v 772 EH]. IIA® & Fructose-1,6-bisphosphate (FBP) 12X > T
BEEICHEZZTITVWS (8-12) , ZOBERRF—Y 71y M5k 34 8
KTTETNSBD (13) . BEHERENMENWE I3 TR 2EBEIIMND &N
HbhTwa (10) . Y721y FEEBED—DTHS Glycerol DHEIEAN
Michaelis-Menten EGEERICKED DITH L. D2 —DDOEETHS ATP 33
LFEMHEEEREZRT 8, 11, 14) . BEROWE SEERS OWMFRL B
KEBRL TV 2BEOY 7212y MRAETIE. &4, ATP KT 2HMH
NREZBZENDMN-TZ (14) . £z, U EBEINTWARW IIA® | ADP .
Glycerol-3-phosphate . Glycerol & D#E &AL L T, T D Ec-GK DFEEMBEN 2.6
ADRBETHEITINTNVS (15, 16) . ZOREMBITICINE, GK OFEH
BALEITBEN =& 2 A1, 4 FN ZndDFEEY 1 bEAL T, U CBkaNT
W TIA® BEELTWAB I ENgholz, TOITENS, IIAY ITL 5
ZWRLHEICES DR A—a Y OBEICE> TITbNTWa EEZ 515,
X7z, 2 BlF. 4 BEOLEREBOENVWANFBP X5 GK OHEFZHAEL TW



Fh. 2 Bk 4 BEOSAREDENS FBP ICX 5 GK DHEZHEL TV
ZIEHEZLRTVWS (9) o LU, IIA% £ FBP &% GK OF7 O XF
w7 REED, ATP OFHENEES. ¥ 71=y MEEDEWFICET 55
AR EEBES PICEN TR,

BL2TOEYMDEREY. BEREY. REEO=DD7 7 A HEIN
zzrid. BlAIShTWS (17, 18) o ZORDPTHRHIC. BHFEMEOIER
Hid. $EEEHSFEEHRBEECENL TN LEILNRTNEI RS, F
HOEGDEHEZBELEENTHILEISNTE L. A—ERBEDORDPTH]
HOBZEIGEVWDDREELTWRLEEZOND, >T. EREMCRERE
D GK LIXBRDTH 3D BIFAERE®D GK OERECHBEDER 2175 2
i, BEHELEYMOEL. BEREOBERE~OENHEE. 5. BRERE
Y GK OEMRSM BB T2 L TAMRERZLELTEZFAO5ND. L
L. ThET GK IBREED S BRI TWRWN, ZI T, HLZEHFM
B Thermococcus kodakaraensis KOD1 H3¥ GK OEfrziT> T & & Lk,

T kodakaraensis KOD1 X LLHiIZ Pyrococcus sp. KOD1 (L TW=dH DT,
EREENEEORSTIL VOB LZEKTH S (19) « TOEEFERER 65°C
H B 95 CTEBEBEEIX 0CICdRD. TNE TIZARED S, Thiolprotease

(19) . Aspartyl-tRNA synthetase (20,21) . a-amylase (22) . glutamate synthase
(23) . ribose phosphate pyrophosphokinase (24) . Indolepyruvate ferredoxin
oxidoreductase (25) . glutamate synthetase (26) . 4-o-glucanotransferase (27) .
B-glycosidase, TATA-binding protein (28) . RecA/Rad51 homologue (29) . DNA
‘polymerase (30) . glutamate dehydrogenase (31) . O°-methylguanine-DNA
methyltransferase (32) . RNase HII(33) | ribulose-bisphosphate carboxylase/oxygenase
(34) . chaperonin (35) . histone (36) . flagellin (37) . TBP interacting protein
(38) . Chitinase (39) . CDC48/VCP homologue (40) | intein homing endonucleasell
(41) . Tryptophan synthase (42) . DNA ligase (43) EDER TN TN 2, C
NS TRTOEBEZIFRTAFHRATHICH L TEBOTRETH D LB REN
TV, 5. ThOSDOBEROHFOZEODIE, BEWX I LA F FEEE (21)
DEEAAVEEN (24) BTT. ThH, BT S LWREIZBHFARERE
CHBORBMLEZD LD TH . KFET. RLE T kodakaraensis KOD1 H
kD GK LEEMOEYHE GK OB EENFHEDENWZISPIZ L,
ABEOMOBELERIC. COBRD. NITIVP7ODIDIRET. €F
442 L NTP OBREICELIDPEDSNE. T 5. ABRIXNBEBX
DHDLIFEL D, FBP OFEES ATP OFHAEHR-EEZIT RV KFET
1. SEEESEDTETINE TICABEORE LHREOHEEBEZERT Do



1-2 MR G
~ 1-2-1 Cell & Plasmids
T. kodakaraensis KOD1 WERBER/NEEDOHKFEL» LSBT
(19) o BIEFIRIEIC(HE o /=, Escherichia coli JM109 [recAl, endA1l, gyrA96, thi,
hsdR17, SupE44, relAl, A-, A(lac-ProAB)/F'; traD36, ProA+B+, laclqZAM15.] &
75 Z 3 K pUCI9 & Toyobo Co, Ltd. 25, EREFREDREZOHD E. coli
BL21(DE3) [F-, ompT, hsdSB(B-mB-), gal, dem(DE3)] & 77X X K pET8c &
Novagen 25 AF L7zo

1-2-2 #H .
#IFBE23. DNA polymerase, T4 DNA ligase (& Takara Shuzo Co., Ltd 25 AF

L7z Glycerol-3-phosphate oxidase (GPO) & peroxidase (PO) & Toyobo Co., Ltd
D5 ST TIEWE,

1-2-3 Tk-GK BEFOI/o—=7
Th-glpK &1z F @ ¥ 4 & % & . 5-TGCTGTTTGGTACGG-3' & 5'-
AGCCAGTGCCATAGGTGTTCTTCG-3'¥ W3 2FEEOA ) IX 7V AF RT7'S
A —%F>T.PCR HBICL > THEIB Uz 858 L UTHEA L =REAAK DNA X
T. kodakaraensis KOD1 DHIfEZ L b, salkosyl BEWD» SME L= (44) o ZOD
HEREEBLNF. 318bp ® DNA Wi F %2 Redi prime DNA labeling system
(Amersham) Z®H L TC[a-PldCTP TE#HK L. Y'YV 7ovw boap=—
NATNVF4E¥—Yarorn—7 U TERLE. Thglpk O£EEZ 7 O0—
=279 3EHIC. BamHI b LI Hindlll THREK DNA ZHH{LL 0.8%
D7 HO—ZAFNVHICEREKSB LR, = oV —ECEEL, YT
N TVFAL = ar@iTole YIS 7TV &4 E— 3 i Rapid-hyb
buffer system (Amersham) Z{#f L. Se#ia N TWERE T TIT o7z, 4.0kbp @
BamHl BEDBMEZE LEDOT, PHO—XT IO 4kbp BTFDIED > T
285 %E1 b L. GENECLEANII kit (Funakoshi Co., Ltd.) %\ T, DNA ¥
BEERLE, BELJ= DNA AL pUCI9 @ BamHI Y1 MCEFE L. KB
M109 ZREERT 2T/ 0—=2 7 Uk, REERREDORERIT s0u
g/ml D7 ETY U EHFMUKE LB 8 (45) TiTok. BEID—20DX 7
D=2 ZFan=—-NAT7NFLE—=alik (46) I2L>TITo72e 2D
3 LT, TK-ghpk DLEZET 4kbp O BamHI Wi 2R >~ 75X I R
pUC4000 ZEF L =0
PCR & Perkinson-Elmer O ¥ —< )V ¥ 4 7 5 — (GeneAmp PCR System
2400) & Vent Polymerase (NewEngland Biolabs) #HEALE (47) . 2TDA



1) 7 DNA I Sawady Technology Co., Ltd. IZ&BRZMkE L 7=, HIREERICLD
DNA O#1b. DNA WiF O 7 HO—I T IWVEKIKE. WAV D LEICLD
EER, PVA UL D75 X3 K DNA OV ERREDEIICEZE#HST N
TWBHE (R) I LD o e 72X 3 ROKEFAE!T Qiagen plasmid Maxi kit

(Qiagen) ZfHA L CHERIT o=, BERFIOWEIL ABI PRISM 310 genetic
analyzer (Perkin-Elmer) % fi\\ dideoxy-chain termination % (49) TWRZEL 7z,

A—=T o N—=F4 T 7V—LDREE. HEERR. 7714 X FOERRY
DIEETFE L7 I BBES| DR IZ1E DNASIS (Hitachi Co., Ltd.) %M
L7z

1-2-4 KERBP LT Tk-GK DFEH

S'ATATACCATGGAAAAGTTCGTTCTTTC3' Y S'AATGGATCCATATCAATTT
GATTTTGCACT3'®F ) IX 7 VA F FOMAEDLEIC K > T ThglpK %R
Lo B, FTEIZZNZh. Neol, BamHl U1 b EH 5D L. BMEREIZZ
nzh, BBa R eRIEO RV ZEDLTWS, SFRICIE pUC4000 ZFE >
~o ZODFER, BXZ 1.5kb @ DNA Wi DIEIEL =o D DNA Wik % Ncol
B LY BamHl THIEL. 75X K pET8¢ D Ncol-BamHI VA MNZr/n—=
YT ULTTS5AI R pET-pkgk ZHEL . CO7SXI FEFEHALT. KB
% BL21(DE3) 2EBEHT I LT Tk-GK DRERBRRAZBEEL /=o Ec-GK
D & & F I& primer 5-GGGACAATTACATATGACTGAAAAA-3’ & 5
CGCCGGAATTCTATTATTCGTCGTG-3° DAADHLE T PCR #EIE L. pET X
77 —IZBNTHEER (pET-eglpK) & L7,

Tk-GK # KEFRE T3 =®HIC, pET-pkgk THEEH L= KiEE BL21(DE3)
# S0ugml 7YY EZEMUEZ NZCYM B (Novagen) T 37°CTHE
L. DO 600nm OWHED 06 ICEL =& Z AT. isopropyl--D-
thiogalactopyranoside (IPTG) Z#&KEED ImM IZRB LS CHEML T, 5K
SRR L. EKIZ 6000Xg 10 2ORLSEIC L >TEE L. BROBHR
o 7=, '

BlE somM U VBT P U ANy 77— (pH7.5) IZR&¥E L. Branson
Ultrasonic Corp.D 450 sonifer 5 )V CHBHE B L /=1 15000Xg T 30 2 fHhE
DAEELE. Eigid 90°C30 2 DEMLIEZ TV 15000X g 30 T DZELIREZTT o
TEIABEDPOEBATNEFLACOEAEZEBRI . LB 70%8
HOBE7 Y E-UAETEAER BRI ¥z, WRIE 15000Xg 30 2 TED
8. somM Y UEEF U Y LNy 77— (pH1S) KEE L. BUFE&EHLL
7= MonoQ 735 A (Pharmacia) IZiL. OM 75 IM @ NaCl BEXEZ DT
w7y —ERT L. BLZ 05M D NaCl BET Tk-GK BE—-LE—7 &L

10



THAELE., BLEBLUADTRTOREBERIE 4°C T, BROESEK
SDS-PAGE THEZZL 7 (50) o Ec-GK IZDWTIX. pET-eglpK T BL21(DE3) %
EER L, BohEREERAKZBEVWTRKERRZ2ITo 2. BREWEZSH
& Hi-trapQ IC L > TiT o7

1-2-5 BREHOHE

Tk-GK DEEZE7EMEIE 2mM CoCl,y 3.5mM ATP, 4.6mM Glycerol % &3¢ 50mM
glycine-NaOH /3w 7 7 — (pH9.0) 80041 HFTHRIFEL =, 80°CT 5 oRlA > F
aR— a3y LEE, 16u] @ 0.5M EDTA ZMAKPFIZDIFTHRTILT
BiezEll Lo RIGEMAED Glycerol-3-phosphate (G-3-P) D=, glycerol-
3-phosphate oxidase (GPO) & peroxidase (PO) ZAlAEDE = 3TCOBERKIG
o TtHEEELE (51) » BEOKIGEME pH Z AT T 5ERIE S0mM Tris-
HCl /3w 77— (pH7.5-9.0) & 50mM glycine-NaOH /v 7 7 — (pH8.5-11.0)
ERWGERRIERIT >0 BRENR. 1 2B 1umole D G-3-P ZEKT
ZEBEEY 1 A=y b EHELE, HIEHIEIEHE Img HDOERELL
7o

HEROEHROBH E2TSBICIE. ATP F/=IX["C]Glycerol D—FH DEEE
20mM ICEZELEDZ T I —HDEE%IR> /=, 2.0mM CoCl, ZZ ¢ 50mM
Tris-HCI (pH7.5) /3w 7 7— 10011 I 0.06 g Tk-GK ZMMZ =&MW % 80°CT
5 oA v Fan—ray LTBRRBE BEE. 0.5M EDTA Z 2u1 IIZ.
KB DT THERT I TCRIEZEILELE. —E2ORMEZERE 2.4cm D
DEAE-cellose 5#k (Toyo Roshi Inc.) Z#iE CREX ¥ /=11 0.1M Glycerol T
#EV). Instant Imager (Packard) CA#K L% > 7=["“CIG-3-P DEZHEE L=,
ATP I T 2 EEROEE ZRD B & i, [“C]Glycerol DEEZ 2.0mM I
B L ATP OERE% 20 25 500uM DEHETELZT B/, Glycerol IZXT 2
NS A= EIEDPBLEIZ. ATP OEEZ 2.0mM IZEE L["C]Glycerol D
Ex 50 5 400uM DOEBTELLETEE,. WThOFEED G3-P DA
Michaelis-Menten DEEEFHICHEVY. Lineweaver-Burk plot I & > T Km fE & kcat
ExKD=o

EOEDEEIZ 280nm OENERZWMET LI LICKDRELE, I/
BT DRER. Ay=1.0 O Tk-GK HEDOEHEEEIX 045 mg/ml THBH I &
DA oEDT. Tk-GK OEHEEEIL Img/ml DFED A,,, D% 22 LT

B L7z

1-2-6 HALFER R DN |
AFEIX. 150mM NaCl #=% 10mM Trs-HCI (pH8.0) /3w 7 » —T ¥k

11



L7=4" )L %3BHh > A HiLoad Superdex 200 (Pharmacia) ZHWTH#E L=, RE
%113+ Standard molecular marker (Bio-Rad) ZHWTERL L7z N KD 7 I /
FRERH DR E L. ProciseTM automated sequencer (Perkin-Elmer model 491) %
FEoTHELE. 73/ EB4#HTiE Hitachi L-8500 automatic amino acid analyzer %
A LT, 110°C24 Bf. 6N B HCL 0.2% (v/v) phenol HITHIKAHEL T

To76

1-2-7 CD iz

CD A% hIViZ J-720W spectrolarimeter (Japan Spectrscopic Co., Ltd.) %
WT. 0.5M NaCl #& A7 50mM Na-phosphate /¥w 7 7— (pH7.9) ZfERAL
T« 30°CTHIE Lo B E UV (200-260nm) FHIHIZEAEIEE 0.13mg/ml O
B2 % 2mm D)V %E W THEIE L. B E UV(350-320nm) 5815 0.25mg/ml
OBE% 10mm OV EANTHELE, 0173/ BOFHSFTE 110 28

Ozﬁﬂjbt’.o

1-2-8 Tk-GK D 3 RTLETFTIVDOHEHE

Tk-GK @ 3 YHEDETIVIZEEICEIL Tk, loop search & (52) #. i
DY HRA—Y a3 ITBI LTI dead-end elimination ¥ (53) . £ L THIEZR
W2 %= AMBER force field (54) ZH % conformation energy
minimization ¥ (55) Z#HE>TiT>7%,
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1-3 R |
1-3-1 Tk-GK #EEFOro—=> 7 LIEEES

%< D GK O7 3/ BEMNHIZRSNBHEERSIE Tk-GK LREINT
B Th-glpK BEFHORERINCHY T 285 OREEITIIKRBED GK D
LD LBLMHEBBENEREL T, 1525 BEOFVITX 7V AF F DNA 2K
BB GK BiFxTICiREI L. Th-glpKk % PCR IC X > THIIBS €500
T34 —L L Tflioe 7574 X—RMAEDLE T, PCR ZiTo-HR.
KIBE O GK T 161 75 166 BH Y 261 »5 269 HHOD 7 I/ BEHICH Y T
LESOEEEFICHEYTSE 754 v —DFAEDE T, KOD1 OZREBAR DNA
5 318bp D DNA WiFHSEiIE L/=o D DNA Wi OIRHEESZRE L 7z /5
B GK BEFOEA/EMNTH DI PRI, Fhid. Tk-GK D 157 &5
263 BEDO7 I BICHY T A DIEXRESITH o 7=, IBEEFIPREDRER.
IEEFEIS| h iz Hindlll Y4 FDEE LI &5 Hindlll 2.0kbp DB R D Th-gipK
D5 KEBIO—ELPEATHRNI EBGD 27z, ZNITX U, BamHI 4.0kbp
@ DNA WiE X Th-glpK DEREZEATWE, KOD1 O YERY — LY b
A% T3 16S tRNA @ 3° KD 4 FEHD S 10 F HOREES OERHES
SAGGTGAT3'ZREIE L. B RV 2 LEE A, UV —LEEED 6 &
HFHICAUG O RYBRODP o= THhICL>T. FEINZEHEIZ 497
FIJBRBEISED, HFEIT 55902 LTI N, TATA BOX BEH
(S'TTAAAAA3'. A box) IBHEa k> D 67 BELRICA O oz 2l ¥
— I F—F—EFIIKIED KD 30 BETRICAS Nk Th-glpKk OIREAESY
& GenBank IZ ABO12099 TE#xL T\ 5,



B1 . B2 83 84 Bs
> «—p—

—— > ——
. 10 20 30 20 50
KoD1 MEKFVLSLDE GTTSARALIF DRE SDIHGIG QYEFPQHYPR PGWVEHNPEE
E.co MTDK-YIVA--Q --—-S--VVM -HD AN-ISVS =-R--E~I--K —=--=- e 51
A.fu MIGVI-A ~--TIKLAVY - - DKLVA-K KEPVVK-N-K -- 46
Hom AVLGPL-GAV-Q ~-S-T-FLV- NSKTAELLSHH -V-IK-EF-~ E----QD-K- s9
oA . [ B7. 8
— -~ -
60 70 80 20 100
XOD1 IWDAQLRAI K DAIQSARIEP NQIAAIGVTN QRETTLVWDK P GKPLYNAIV
E.co -8§ p--=--~=1-- ~I--E- ET--=TI-~--- 102
A.fu L  ARKCY -DE YGVEV-AIL “T-AVL~-G K--R-VF--LG 92
Hum -LHSVYEC-EKTC EKLGQLN-DI SN-K-- R Yoeen IT-E-----V- 113
(0-X)
ab oC ol

110 120 130 140 150
KOD1 WQCRRTAEMV EEI KRE YGT M TKEKTGLVPD AYFSASKLKW LLDNVPGLRE
E.co --~v-=--- IC -HL --DGLED Y -RSN--=-I- P=--GT-V-- I--H-E-§-- 153
A.fu --DM-ANALA --M NRD STI R MARTA-MIAR GVYNKRRV-- -IEMLRE-G- 166
fum -LDL--QST- -NLS-- IP-NNNF Y—Ga~-=PL§ T----V-=R- -----RKVOK 166

of B9 oF p1o aG p11 p12 aH
— e ———————rh Gy mm— 4P -y —

160 170 180 190 200
KOD1 KAEKGEVMFG TVDTFLIYRL TG EHVTDYSN ASRTMLFNIK KLDWDDELLE
E.co R-RE--LL-- =----W--WKM -Q GRV == ==~ P ~w-w=w-=—=H T=----KM-- 205
A.fu -K--YDLKA- ---SW-V--- == -- -AA-G-YDSY Y-R-SEPI-K 216
Hum AV-ENRAL-- -I-SW--WS- - _GUNGGV-C--VT- ---------K S-E--KQ-C- 221

_ R L8 p14 15 al

210 220 230 240 250
koD LFDIPESVLP EVRESSEVYG YTKK ELLGAE IPVSGDAGDQ QAALFGQAAF
E.co VL---REM-- ---R---=-- Q-NIGGKGGTR —-I--le=-= =------LCV 256
A.fu IVGAD-EM-- KTL--DRIF- EYRN V--T-VIA-— S-S-YALGCW 260
Hum F-G--MEI-- N--S---I-- LM-AGA-E- Y-I--CL--~ S---V--MC- 270

B16 B17 £18 B19 . B20

260 270 280 290 300
KOD1 EAGMVKATYG TGSFI LVNT D KMVLYSDN LL TTIAW GLNGR VSYALEGSIF
E.co KE--A-N--- ==C-M =M--GE -A- K-E-G-- —---C -PT-E --AV- 307
A.fu -E-DI---N- --T-VD-NV GE EPQ A-PGG-- PL--- K~-KSE an
Hum QI-QA-N--- --C-L -C--GH -C- F--HG-- --V-YKL-RDKP 323

o p21

310 340 - 350
KOD1 VTGAAVQWLR SNEGVYFVPA FVGLGAPYWD
E.co MA--SI-—=-— N B 357
A.fu YS-§--EK-K K-S-M-FR S K-DDMLLI-S -T--AT-HYV - 358
Bum IA--VIR--- -NLG---SSE ~J-—--K-VG TSY-C---==- -S--Y----E 373

{0-2) : (o-Y)
R N al A <]

360 . 370 380 390 500
koDl QFARGIIIGI TRGTGREHLA RATLEATAYL TRDVVDEMEK LV QIKELRVD
E.co PYj o VMAN-II -=-=-S---Q ----LEA-QADS GI RLHA---- 409
A.fu § VP-LLY-- SNAMP--DIV K-L--S--FR IAEI-EI-R- EFPYETDRI-C- 410
Hum PS----- ¢-L ~QF-NKC-I- F-A---VCFQ ~-BIL-A-NRDC GI PLSH-Q-- 425

(0-Y) '
oM pe4 aN
» ————— ——————— -—

410 az0 . 430 440 450
KOD1 GGATANDFLM QFQADILNRK VIRPVVKETT ALGAAYLAGL AVDYWA DTRE
E.co =-=-V-=N--- ---S---GTR -E--E-R-V~ -~ --GF-Q NLD- 459
A fu --MSS---FL -RI--VIGL- -E-GA-LSG- -LGK-  KKD 4s8
Hum  ~-M-S-KI-- -Le--=-YIP -VK-SMP--- ~=s--MA--A -EGVGVWSLEP 476

a0 f25 aP aQ

460 470 280 490 497
KOD1 IAELWKAERI FEPKMDEKTR ERLYKGWKEA VKRAMGWAKV VDSAKSN
E.co LO-KAVI--E -R-GIETTE- NYR-A-—-K- -==-- A-BEH DE 501
A.fu FCMPF DKV ---SL-LSEK -RR~ --LLEIS-K LKV 492

Hum EDLSAVTMER - --QINAEES -IR-ST--K- -MKSI--VTT QSPESGD 523

Fig.1-1 Tk-GK (KODI1). Ec-GK (E.co) A fulgidus GK (A.fu), X7} human GK (Hum) D7 X
/ BEECSU LB
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1-322 73 BEFDLE ,

Figl-1 I, BEERF» S FHE N3 Tk-GK O 7 I J BEH & Ec-GK.
Archaeoglobus fulgidus @ GK . & ;D GK O7 I VBEFNIZHEELE. Zh
S0P I BENIME. BEE. BREPOREL LTGRAEBDTH S,
Ec-GK O 7 I EBEFMIPED TK-GK LHEEIEL ST TH > %=,
Archaeoglobus fulgidus @ GK & Tk-GK OMEMEE 36%. £ D GK & Tk-GK
OMEBEIMEE 47% T > 720 Ec-GK IZBWT Mg” . ADP. Glycerol D#EHT 5
AR T 57 I JEREE (15) & TkGK IZBWVWTH Ne313 ZFRNTET
REINTWE, Tk-GK D7 I BEFIHT Glycerol IZHEAET 2 L FETh
%73 BRI Arg82, Glu83, Trpl0l, Tyrl32, Asp239, Phe264 T& %, Asp9
. Asp239 FEHPLTEEBAA D DBHEATILIATHDH L. ADP DS
T 350Dk, Arglé, Gly260. GIn307, Ala319, Leu374. I1e377. Gly402. Ala403,
Asnd06 TH b, KIBED GK IZBWT, FTF=UPREETE3BUKEITT v
FEEBRLTW3 lle313 i Tk-GK Tl Val BRI h TV,

1-3-3 ARERARTER

HALZ2E OB 21T 5 =D Tk-GK ORELZEBIZT R0, T7 7
O€—% —T TkglpK ZFHBHSE 57> X I F pET-pkgk BREELE (Fig1-2)
ZDOTS5 I FTKEBE BL21(DE3) ZFEEERBRL. 72 ) Uit 2 ES
Fig. 1-2 Th-glpk DFEBETZZI ¥

F—~qipk

pET-pkgk
6101 bp

T7 promoter col

The localizations and directions of the T7 promoter, Pk-gipK gene, T7 terminator, and the B-lactamase
gene (Ap) are shown by arrows. The locations of the Ncol and BamHI sites are also shown. The size of

the plasmid is mdicated.
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X¥, IPTG ORMTEGTORRZFE LA, BHNOEHEXEK
WIcE b KEICER LE (Figl-3) - Fig.1-3 IZ7”R T SDS-PAGE »5., EHE
DEFERIZKIK 40mg/m]l L RED Shiz, BRBEHEONBMES & 2EEKE
SDS AP L=d D% SDS-PAGE THETAZLICL W HRNOEHEIAE
MESICHEET 22 EDPERI N, BERBERED S DT, 2 BEEORBERE
BE2BEDEITT 3040%DINETCENELEOREERDIE LN, BRLUE
ZEH'EIL SDS-PAGE T4 FE& 55000Da DY > TN R LTHERINE
(Fig.1-3) o

Q4K
67K

43K

30K

Fig.1-3 SDS-PAGE IZ& % Tk-GK ORIEME
Samples were subjected to electrophoresis on a 10 % polyacrylamide gel in the presence of SDS. After
electrophoresis, the gel was stained with Coomassie Brilliant Blue. Lane 1, a low molecular weight
marker kit (Pharmacia LKB Biotechnology Inc.) containing phosphorylase b (94K), bovine serum
albumin (67K), ovalbumin (43K), carbonic anhydrase (30K), trypsin inhibitor (20K), and B-lactalbumin
(14K); lane 2, crude extract from E. coli BL21(DE3) transformant with pET-pkgk; lane 3, purified Tk-
GK.

1-3-4 H{FERNRH

Tk-GK DOIEHEH DS FREINDZ 7 I VBEFSIDELVWDIE DS DEDIO S /-
HIZ. BEHED N K7 BESE 7 ) BHERKREZRELEZ. N Kighd
10 73 VBEBEF COESIZ MEKFVLSLDE TIEEESI»SDOFEE —FHL
TWi=,
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Fig.1-4 Tk-GK OEHEER (a) RUEKESEE (b) ©CD AT ML
The CD spectra were measured in 50 mM Na-phosphate buffer (pH 7.9) containing 0.5 M NaCl at

30 °C. The mean residue ellipticity, [ 8], is given in units of deg-cm”-dmol™.

Fig 1-5 Tk-GK EMEQBEMKENE (a) X pH HREHE (b)

M ¥ I v LI v ¥ ¥ ¥ 1 | 1
100 | a - 100 |- b .
— .
o X
O - o vanr” » _
.E: 80 2 80
= >
Z 8
o 60 F - ® 60 | 4
o 5
.-c_é [+]
£ 40 4 E w0} -
e N
~ [ =g
L‘ﬁ 14l
20 | - 20 -
0 i | A L A 1 N 1 o (] 1 1 ] 1
20 40 60 80 100 6 7 8 ] 10 11
Temperature (°C) pH

(a) The enzymatic activity was determined in 50 mM glycine-NaOH (pH 9.0) containing 2 mM CoCl,,
4.6 mM glycerol, and 3.5 mM ATP at the temperatures indicated. The enzymatic activities relative to that
determined at 80 °C are shown. (b) The enzymatic activity was determined in 50 mM Tris-HCl1 (pH 7.5-
9.0) (open circle) or 50 mM glycine-NaOH (pH 8.5-11.0) (closed circle) containing 2 mM CoCl,, 4.6 mM
glycerol,‘ and 3.5 mM ATP at 80 °C. The enzymatic activities relative to that determined in 50 mM Tris-

HCl (pH 9.0) are shown. In both cases, the amount of glycerol-3-phosphate was colonmetrically
determined at 37 °C as described previously (51).
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FNVWABICE >THELE. BHRETOSFEIL 125000Da THo/zo I
Do, ABEZI2EKZERLTNWE I EPRBEINE. BERDESN
B CD ZARY MVTIEE 210nm 12 0 DR/ME-13600 D’dH D 220nm DO,
112500 Y HDORTBEVWADIEREZ NS Z LHPEREI N (Figlda) « B
E/Cl3. 260nm & 275nm IZ O DIED 700 DBLENE—I DEEZh, =5
= 290nm 213 O 400 DRNEHDEEI N (Figl14b) o« Wu HDHEEI
Lo TEBHESFHOANY v I REERE 25% LEEEZhE (56) -

1-3-5 BERGEH

BEEEGOBEKRENE. pH IKEHZEBIF LEEBR. ABRORBEEERE
IZ 80°C (Fig.1-52) . KISZEM pH & 9.0 (Figl-5b) THo7zo —fDEEA 2>
DEELBEVWEEEZRIBRVWI LS, KBROBHEHCE ZMORA 5
DETHLILPTEREIN-. BOEYREEA T ERRT 22T CaCl,.
ZnCl,. CoCl,. FeCl,. CuSO,. MnCl,. NiCl,. SrCl,. BaCl, R DE&REA & >~
BT, pHO.0, BE 80°CTHEMEZRE Lz, BR%E Tablel IZLOT . KER
DIEEIL Co*. Zn*. DEETTCRIBVEREEZTRL. TORIIE Mg,
Mn?. Ni* BETOBEDBLZE 2 ETH oz, TOMDEEA T DFEET
T HEEREEDSEDR =D, B’RPo2EDTH D=, 0.5-4mM TEEAF D
BEPEZTCEMZBELEZLI A, SBA AV OEEICERLS 12mM T
ELEBVEBEFNEZTRLE. BOEVWERESEZTRTEMAZ. 2.0mM CoCl, #
#EF 80°C pH9.0 T 450units'mg DiEMEZR L7z 0.5M NaCl X 7zid KCl OF
ETFCOBEETIEZ2S T RVWERGF TOBREH LIFEECEZRLEED
5. KEZEOFEHICHEOEEZEZELRNWI LBDP >,

KEZDOEMRAEERETD ATP % GTP, CTP, UTP, ITP L EEHZTX 7V
LAF REY VBBICHT 3 ERMDE S 2 2R/ 4 > OZREDLE =TI
THE U7z %% 3.3mM GTP.CTP, UTP.ITP TH#IZE L 7=BEDIEHI 3.5mM ATP
THREUFEEHD 34%. 159%. 12.1%. 142% TH o7z CORRPH. K
BEIX ATP OIFPOXZLAF K=V VB2 ) VBREE UTRIATESZ L
TRET %, Ec-GK 34 B4 ZER LTS & &EIZIX FBP OHE#2Z1T 5 —
5T, 2BHBEERLTVWSE EIZiE FBP DEZZITRVWEED 2 LD
PoTWS (9, 12) « ShEREZ T, Tk-GK DiEMEICHITS FBP DRHER
BEE Lo 20mM FBP ORIMIZ L > T HEBEDEEE 1 %DOEEDIZE -
TWi=, Zhid. Tk-GK DS FBP DREEZZIFTVWRNWI EZRLTW5,

G-3-P BHETBEHD Tk-GK OEEIL. Glycerol & ATP DZ"DTH 5,
ZOED. Tk-GK DAL RZT A VT ANT A=Y ERET HHITE. ZDD
HEBEDS bO—ADBBREBELETIRDPTEELE. =& X, Glycerol Zx¢
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3% Km, kecat ZRDBHRICIE. ATP DREZ 2.0mM IZEE L T\ Glycerol O
EEZEMIECEEZAE LR, NS XA—YDBEIEFR. ATP & Glycerol I
33 Km #EIZ& 4. 15.4umol £ 11lumol TH D 7=o keat iX 940 sec-1 TH

"37:’_0

Table 1-1

The enzymatic activity was determined in 50 mM glycine-NaOH (pH 9.0) containing various divalent
cations, 4.6 mM glycerol, and 3.5 mM ATP at 80 °C. The amount of glycerol-3-phosphate was
colorimetrically determined at 37 °C as described previously (51). The relative activities were calculated
by dividing the enzymatic activities determined in the presence of various divalent cations by that
determined in the presence of the Co® ion.

Metal ions Concentration Relative activity

(mM) (%)
None — 0.6
MgCl, 2.0 493
CaCl, 2.0 4.0
Zn(Cl, 2.0 99.3
CoCl, 2.0 100
FeCl, 2.0 <0.1
CuSO, 2.0 4.0
MnCl, 2.0 78.0
NiCl, ‘ 2.0 573
StCl, 2.0 03
BaCl, 2.0 0.2
1-3-6  FhIkIE

EHEEE 27ug/ml @ 5omM Y BRF MY T LNy 77— (pH7S) T
90°C %\ ik 100°CTHMZEAL T, Tk-GK DERIZH 3 2 A Al MHGix FAIRIE DFEHT
ZBIRol, BURKEMEALEZDOE, KFETHAILAAHBREMZ LA
DPoEBEOREEEZBIEL =, Figl-6 IRT LI, 90°CTIXREIZHAEL
MEICTEZ R L =s 100°C. 30 2DMIZAIZ L > T S0%DERFEFEDONS &
WO BB LBEEEORTHERE SN, Ec-GK & 55°C20 S DEMEIZL D
8 50% DEZEFEMELS DT, Tk-GK XS PIBAREEIBEVE WL B,
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, Fig.1-6 Tk-GK OFTHBIREEIIH T 2 REN
With appropriate intervals, an aliquot of the enzyme solution was withdrawn and determined for

remaining activity. The remaining activity is shown as a function of incubation time. (a) The solution
containing Tk-GK at 2.7 ug/ml in 50 mM phosphate buffer (pH 7.5) was incubated at 90°C (closed circle)
or 100°C (open circle). (b) The solution containing Ec-GK at 2.7 pg/ml in same buffer was incubated at

40°C (closed square) or 50°C (open square).
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1-4 EE8
1-4-1 HABZIEHEOREH

KGED S DA Z Tk-GK ORBINEX 30-40%THoko THIIKRBGHE
DPLORLAAEBHEEZBRL EOIIToBNBEOIEIC. 50%L LD Tk-
GK DBHEAFNTLE>TWBREHTHBELEZS5NS, SDS-PAGE DRT
BEIPSH. BLZ 50%D Tk-GK HHEMBEOFNBSHEISICTTETND T
EDBADPB. Tk-GK & (Fig1-6) CRTLDIC 90°CTREMLRNDT,
HMBIZ L > THBRTAZLEH D ZRVWOED, KBEEAEIEM L TIE
BT ABRIIHRL T LE LD EZIONDG, SEHZHEELEER pI &
497 THh Tk-GK IBMELNETH ol FIT. BNBED LEZES 4
REAS L (MonoQ) ICHE L THRRZToEE IS, 0%DINETHEUER
BB L5hE,

Ec-GK Tl N KD Met BEDBISNTWB D, Tk-GK DA I ERE
Tt Met IZE->TWE. Zhid. 2 BEO7TIVEBEED Met ZHIZ2DED
BRELTND NI INETORE (57) 2EMIT T3, ZOREICLNh
. N Kb 5o 2 BEHO7 I VBEED Ala. Ser. Gly. Pro. Thr. Val T
ZLEICIBEHOTZI VB THD Met iFHISNS. —F. Arg. Asn. Asp. Gln,
Glu. Ile. Leu. Lys 7 2 BEHO7P I VEBEETH 3 & EiZid. Met iFHIS iz
Wo Ec-GK Tl 2 BED7 I VEEEED Thr THAHDIIX L. Tk-GK TlE 2
ZEHO7VIVBEBRED Glu THEI L. COREDBEBVTHDZILERLT
W3, LPL. RRD Tk-GK D N KIglZ Met ZRDODPEI PEISEEDID
ZLBEOHDHBETH 5.

1-42 Tk-GK DEEEIEM

KEBED GK @ Glycerol 233 % Km fElE 1.3uM (58) &b 7uM (11)
Eh 10uM (8) RELBLAIIHEZTNTWS, /=, ATP LEROIFHEN
RABEEADH B, ATP X935 Km BIX 2 DOFELELZDEIK. ATP @
EEMEWELELENWL ELTIE. ZRZN 604M.900uM(11)H L < i 80-100
UM & 400-500uM (8) THBELMEINTWNWS, ATP DEEDN 4mM TH 3
¥ LT\W3 Hayasi & Lin O#E (58) X, ATP DEEIEVBEEDETH S
YEZOND, BERENT LIZ. Tk-GK & ATP I U CIEHB B REEEH
EToTWRWES3TH B, KEED ATP 2T 2 Km &I 154u4M TKAE
BOELD HHIW, Zhik. ATP LEBEROFBED. Tk-GK Tid Ec-GK £ b
HEBNELNWS L ERDLTWA, —5 Glycerol IZX9 % Km L 111uM &
KBEOOD LD IKREL, EEIBBVWILEBRLTWS, V72w Mg
EOBENWOESRMADOI L FTA—a v DENBINSOBEOKEAEMAD
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EZICBERLTWEEEZI SN S,

Tk-GK ODHEME (450units/mg) 1 Ec-GK DILiEME 1004units/mg (8) & LbER
LS 3&HEICHBDT. Tk-GK D 80°CTDEME & Ec-GK DIRM R EH T DG
MOHEZBEIBPTWVWIE VWL D, BEATOBSRRTRES BEEHAD
TUHRA—avESHELEBEL LTOEEZENRIDELTWVS (59-
61) o SO LD 5H, 80°CIZBITSD Tk-GK DRBERETM L. Ec-GK D@m=
BETOREZHMHIZ LIS TVWBDTIERNWE S S D Tk-GK DIEMHED 40°C
TI&W (Fig.1-52) DiE Tk-GK BEWEBETEIRETH W BEE 5= DHITEMIC
DEREHEMZEES FOTRERVWIPEEZIONS,

KEBEOD GK XV VBOMBEL LT ATP LPRIBTERWI EHBHFPo
T3 (58) » FhiZHL Tk-GK iE. ATP ZAWVWEBEICHERTEWSOD
ATP DUADX 7 LAF RZ) U BER2 Y CBRFEL L CEEZRT I BP0,
Ec-GK DiEMERAIT adenine DFEE T ABAKNET v b EEKT 27 I /VBE
HiF 313 ZEED lle D Tk-GK TiX Val KBBRIN TV ALANEIREICHREFET
NTW3, CO7 I VBEBRED Tk-GK @ ATP I8 T2 RFEMOESTICEFRL
TWBDDH LN, Tk-GK Oz d rat OFFEE¥ GK (62) % Candida
mycoderma (63) H3E GK T ATP UADX I L AF F=ZY VERPFASIND
TGP oTNE, LELEDESL, CThH5OBRO7 I VEETICET 515
BIFWMEI N TVWRVDT, ThEDOBRIIBNWTH 313 FED7T I /KD Val
CBHBRINTWEDREDRIZDONTIEDbR SR,

ImM O EDTA ZE T CHIEEZEE T S, Thermus flavus D GK (64) ZFRN
T.2TDGK BEMIC 2 liDEBA 4V E2ERT 5. KBEICBWTIE, Mg*
A AR LEEBEAT > THH MM AU EIFDPINICEDLD,.GK &
EMELS B8P >T0WS (58) o —H. Tk-GK &, Co™. Zn*", Mg™\
NiZ, Mn¥* A F k> Ttk d 2 e Bad o= T kodakaraensis KOD1
DPOAMINEEABIX. BEWEEBA AV OREMETRTIEDPH D (24,
65) o« CHIIBHFHREOEHEDORED—DOLH LR,

Tk-GK X FBP DFEEICHN U THBHMEDXH 2. Thik Tk-GK »° 2 84K
BB LTWE2OTH 2. FBP 24 BEDAHZMHET 2 LiZ T TIX Ec-GK
CBWTHEINTWS (9, 12) » ThETICBFAEDIS A OERLRTP
EREIEHINTES T A B Tk-GK ZHET22E2EFP 5N,
47 ) hOEBEERFTIDRD 5=, Archaeoglobus fulgidus \ZHBNTH AT D
FEOJREETAILIEITERE >,
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1-4-3 Tk-GK D& EH

Tk-GK iFEWZEt b SRREICE U -BREEZ2E T2 2. KBRO7
I BRI BV EEEET A2ED S, WHEIIHEER LB U B ERM
DEHEDPED L) REBICL > TRELLTWVWSDIARLDIC, HERNZRN
TTHDHLBbhb, BHFAED S B X N/ Glutamate dehydrogenase (66, 67)
& indole-3-phosphate synthase (68) DfE&EMEEZ Zh2hind 5 EiREDRE
BEHEOBELEBRLEEZA, 1307 ([ F0RPRYFNT—D) D
BN e FHRELDODEBORDDPENREMEEFBELTWSZ LDBbh o
o —HRHIICERRIRED S SN EEHERE 2 FORBICRDRA Z T
ZHLTWBAZ EBHISENTWS (69, 70) o Tk-GK DA F o RXT7 DD KI5
BHOD GK IZHARTEMZTWEDREI DE. AR EDILEBEDET VR
5T Ec-GK D ikfEE L e U= (Fig.1-7) o Tk-GK D FFED#EEIE. Ec-GK
L7 I BEADBELIPTVWBDT Ec-GK DyifkfEEZ b LICTFRILE, &
PR, R UV CD X7 MVOHEERRPSEH U Tk-GK LR ER DN
Vw7 REBE 325%1F. KBEEOHBEBERTPORDENEN) VI RE
X 363% (15) LIEBISEWVEZ L > T3, MHFOREZ L =kE,
Tk-GK OFEMEIZIZA A RXRT7HLKBA AU R7RY b= ZEMLTNS
TET I VBERED, Ec-GK LWL EELTWE (Figl-7) « ORI,
Tk-GK D FZ ML TWARET I VBEEDOED Ec-GK ODHDLH HZ
EVWHEEBREFIE LW, M7 I BB (Lys, Arg) DEHE &I Tk-GK T
X 121%THBDIZH LT Ec-GK Tl 10.6%. EEM:7 I JEEEHE (Asp. Glu)
DL Tk-GK T 153% THBDIZH LT Ec-GK TiX 133% TH o 7=, A
DIEFNIX A. fulgidus KD GK Lt bR GK K RoNZ, WEY I /B
BEDEERIX A fulgidus BFD GK Tl 278%. t MH¥K GK TiE 192%
T > J=0 Barlow & Thomton DF5¥E (71) Lo ThHHEEEET VDO LEE
L2 TDHFHA A AT DN Tk-GK F/=lE Ec-GK DEB L P—HFIZDH
Bohd A4 0TI DONTEL Tablel2 BL T Tablel-3 IZidik LTV 5,
Tk-GK Tlk 24 OWBDA A2 R7 L 9 DA F 7Ry MU= BERIh
TWBDIZHART, KBED GK TEMEDA A7 9 TAA TR
v b —=2ik 3 FHLULPERSINTOWED o Z. 18 DA F U X 7IEmEICHF
BEINTWE, 2OLDIZAF 0 _X7OBOBMDBEEDZEMIIHINTNWS
EEZONS,
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Fig.l-7 Tk-GK @3 WAE#EET)L (L) & Ec-GK Off&ME (T) Dk
A model for the backbone structure of Pk-GK (a) and the backbone structure of E. coli GK (b), which
has been determined by Hurley et al. (15), are drawn with the program RasMol. The side chains of the
basic and acidic amino acid residues are shown in blue and red, respectively. “N” and “C” represent
the NH2- and COOH-termini of the molecules. The crystal structure of E. coli GK is deposited in the
Protein Data Bank with the accession number 1GLB.
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Table 1-2
Intramolecular ion pairs (<4.0 A)*

Conserved** Tk-GK Ec-GK
Ari 17_A 10 Ar 22_G1u23 Ar 3_G1u62
Ar§83_G185303 Ar§22_G1u450 Hisglllzi_Glul 10
Argl()é_ASp]33 Arg67-Glu69 Arg125_G1u121
Arg'7-Glu* Lys'2-Glu'2 Arg'®-Glu!%
Lysll6_Glu113 Ly5124_Aspl95 Arg211_A5p198
L S142_A 146 L Sl 24_ 197 Ar 361_G1u497
A);gl 52_ Azm Li 5139_21551 12 Arg”f’-th”

Arg!?-Asp™™
Argl 54_G1u90

Arg™-Glu'®
Arg'®-Glu®

Arg188_G1u303
ArgZIS_Gl.uZIG
Arg218_G1u222
Arg317_ Asp318
A.l'g378~Glu382
Arg*?-Glu®’

Lys'-Glu'®
Argl 69_ G1u49
Lys'*-Glu'®
Lys'-Asp'®
His™-Glu™
Ly S328_G1u367
ArgBSZ_Gluﬂl
Lys**-Glu*®
Arg4]9_Glu389
Lys*?-Glu*®

Ar g407_ G1u43 1
Arg482 . Glu478

Ly g
Ar -
Al'§459 _l:ssgdm
Ly S464_G1u462
Arg470_ Glu47l
Lys*®-Glu*®
Arg483_ G1u479

*The ion pairs formed in Pk-GK are hypothetical, because the distance between two ilomic residues was
calculated according to a model for three-dimensional structure of the enzyme. The conserved ion pairs, as welil
as the ion pairs that are formed only in Pk-GK or E. coli GK are listed.
**The ion pairs formed in E. coli GK are listed as representatives for those formed in common. All of these
residues, except for Arg'* and Glu*® which are replaced by Lys'* and Asp*® in Pk-GK, respectively, are
conserved in Pk-GK.
Table 1-3
Intramolecular ion-pair networks (<4.0 A)

Tk-GK Ec-GK

ArgSB_Glu303_ Argl88_Glu84
Ly5142_ASpl46_Arg152_Asp208
Glu90_ Argl.‘)d_Gluls9

Argsz-GluZ%- Arg183_G1u83
Ghl“z-LYS]”-ASpl 43_Argl49_Asp203
ASPSQ_LYSX 51 _GlulS6
Glu™-Arg™-Glu*®
Ly5122_G1u123_Lys] 90

Arg382_Glu47l _Arg470

Ly 5395-G1u396-Ly s420
Glu458_Arg423_ASp407_Arg459

Ly 5482_G1u479_ Ar g483

The ion-pair networks that are formed in Pk-GK or E. coli GK are listed.
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MHEMOBEAEIEREDEAE LD S D Pro BEZIN—THEFIZDH
STVWBZ LR IhETRHBHETN TS (71, 72) - EBE. KIBE D RNaseHI
Da~)w 72— DR 62 FED His I& T. thermophilus @ RNaseHI
Ti& Pro IZBHESNTWBD, IO Pro I& T. thermophilus (D RNaseHI DZE
fBHFEETRLEZLNTWS (73, 74) o Matthews 5DEHE (75) 2L hif
BY— Moy — . W—7#EHRD Pro BEDND7 I VB 5 Pro HBE
ADBHIIEMREDZY PO —2TIT3 2o EREOHEERRELT
%o, Tk-GK & Ec-GK IZ&% 15 £ 14 @© Pro BEZFE ->TW5, Tk-GK &
Ec-GK D7 3/ BEF| (Figl-1) Z2HE T3 L 11 O Pro REZEE ICLRES
NTWED, Tk-GK CDAR 5N 2% 4 D0 Pro BEDS 5 3 D (Pro3s, Pro70,
Prol46) iX&%Z B3 64, aA 6, aD & aE OBONV—7EERICHEE
LTW, Ec-GK OXIET 27 X JERIZZNZN Glu36, Ser7l. Glul49 TH
S5 FNIF L. Ec-GK Tl Tk-GK @ Leu287 I 7= % Pro294 7ZiFHS)Lv—
TRERICEELTWE. #>T. ThbD Pro BED Tk-GK OEELICHF
553 uetEd mRSI Nz,

1-4-4 Tk-GK O¥ 71w MEE

Ec-GK & 0.01mg/ml U TDEREETIX 2 B L 4 EEROFEEREBICH D,
0.lmg/ml U FOEETIX 4 BARTEET I BREINTNS (10) o Ec-GK
D 4 BEROEREE (15) % Figl-8 IEAXMICLHLE, GK IKiFY 7=
w M O-X. O-Y, 0-Z RETO 3 BEOY 72—y MNEHEEADPEET %,
O-Y L& AMHEERICL>THLOY T2y VOBELOREDZFFRICIE
3228, Y Y72=v bD Arg369 (Tk-GK Tl Arg362) BEDHEFED O ¥
T2y PCELEERET >TWBI DS, 4 BERE 2 EROFEET 4 24K
DOY D2EBEICHAPNBZZLICL>TREIS>TWVEEEZSTWS (15) o

L L. AFECBWVTZHO—IXTINWVE—-XIZ LB )W ABT Tk-GK DB
HHEOLEREFZRELEL T A, Tk-GK &, 0.5mg/ml LU EDEETS 2 =
HBTEEL T\, AUEHET Ec-GK O REBERELEL I A, Tk-GK
CEBOERE R, IhIE. KRS 4 ERZERTIOICLERY T
—v FRADOW. FE5HDOFE 0-X. 0-Z REOCHEERDN. KAKEDOEHYT
TIRISIIFDHDOLNTLE DO TERVWDILEEZI SN S,

Tk-GK & Ec-GK D7 3/ BE5 (Figl-1) ZHEET 5 & 0-Y OREESIC
M43 273 BEES (Ec-GK D 341-347. 361-367) i& Tk-GK THRLKRE
ThTWiE, 0-X OREWAICHYE TS 73 BEE (Ec-GK D 49-68) &,
0-Z OREWAICHL T B 7 I VEEEE (Ec-GK @ 321-333) XH X W RES
NTWRDP o, T, Ec-GK IZBIF 3 Ala65—>Thr. Asp72—>Asn DERD® 4
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Bk 2 BkOFEE 2 2 2&KBIC> 7 b T52 8 (12) . Tk-GK TEINED
73 BT GIn(Glné4) & Asn(Asn7TDICEEHDO>TWVW3BZ LB 56, Tk-GK
X Ec-GK FE#k. O-Y O 2 BEKEERLTWEEEZ LN,

Fig.1-8 Ec-GK O 4 & DRX
The subunit-subunit interactions i the tetrameric structure of E. coli GK are schematically shown. The

subunits, X, Y, and Z are related to the subunit O by a two fold rotation about the X, Y, and Z axes,
respectively. The active-site of each subunit is designated by a solid square. The dimeric structure (O-Y

dimer) shaded is expected to represent that of Tk-GK.

1-4-5 glp Regulon
KIBEOLEEEK DNA IBWTIX. 5 D021 Glycerol regulon (glp)

EZEBBELTVS (76) o glpK &, MIBEIET Glycerol DD ANz {RTEEH
BHEI—KLTWS ghpF LEbIT. COFROLD—DTH S ghpFK A0
VEBHE LT\, O glpFK 0 2 Bacillus.subtilis 3K DNA £ T
BOPo>TW3 (77) o LD L. Th-glpk O LFEIHTIE glpF XELEL TR
W b ok, b D IZ Glycerophosphodiester phosphodiesterase = AH[EIH)
REAEEZI—FT2ERTFOPEEL TV, KIBE L B. subtilis Fta{k DNA
& Glycerophosphodiester phosphodiesterase % 71— F L TW 3 glpQ &
Glycerol-3-phosphate permease (76, 78) # 1— K LT\ 3 glpT L L I glpTOQ F
~nYEERLTWS, 2D &5, T kodakaraensis KOD1 @ Glycerol f
HREBERBAT 2 ELTFORED. KBE® B. sublilis LIZRZ>TNWB LHE
Zbhd,
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1-4-6 ZWEL L TOD GK DFHA

GK XzWi¥y LthEFohEENCERED SO I—EDFETICHEDLR
TWb, ZOBWTIEY S—BIZ & > THHEIER B2 L TT &7, Glycerol O
£% GK. GPO. PO OfititiEtt #FIH L CTHEEE L TIT>TW5%, Tk-GK &
ChETHEXNATWS GK OFTRHMEAMEDOET N GK THBHEWVWZ %,
Thermus flavus 15 HTHEMED GK HEEIh T3 M. 70°C, 30 SDINZIC
X oT SOUDEMDSEFELTLES I LDLP>TNS (67) o BRIINT IR
FMHSE L EHREETHEFE LI WIS, Tk-GK FHIB OB ICRS

BUEBETHELEZILONS,
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o
MABERNEZREICEL D TRGK B A F R DKBE GK
(Ec-GK) ~ODHEA

2.1 ER

| BT, BIFBIEIEE T kodakaraensis KOD1 HH3E®D glycerol kinase (Tk-GK)
WIS B R D glycerol kinase (Ec-GK) EHARTHHEICEWRALEERZHFL T
BD, T, BENBBPTVWBEERLE (79) . Ec-GK DIMAEEICED
WT Tk-GK O EEEETIEERT S & Tk-GK OHTFREICBNTHEY
IBBEOEMSEML TWSZ Ebholz, ZNSOMEBEREDELSIIE
WICHIZ B ERFOT I JBAISEE 4ADHICELTED., IS ORERIHE
NHEHBIHICE DA FRTEZEREL TWABENRBIN TS, Tk-GK &
Ec-GK DR FEMEITBIT DA A RTOEKZLET S &, Ec-GK ITRFRENT
F2RTMW I DTHBDITNKL Tk-GK IZHERBRA T RTOEIL 24 ThH-
Fro E72. 18 DAFIRTIIAHEICHKBEL TR (Tablel-2) o 142 RT DO
RNEREONAEEDREEDFRFICEMRL TWATREEN., INXTITH
HMEEAEICBOWTHEINTVSY, — TR FREAOHEZREN KT
BEOIMBEBERIINFE—EA4FIRT EZERTEBICELDIRINF—ORKIF
LEICRETH B EZEINTHNS (75) . ZHiCHL. 3 BEUEOT
2 JBAESEST B IRT Ry bU—7 OB RIBEOKFIZRILF
—%ZLEBIWTDH, BRBEEMICEMTES LEZLHN TS, Tk-GK & Ec-
GK OHFEFIZBIBZAF o RTDONDONE, EWIEIEE->TIF >R
T3y NT—2 2R LTS, Ec-GK TIRZ DKM 3 DTHDBDITHL Tk-
GK Tl 9 DDA FAIRT %Xy hT—UBHRINTNE Z ENINETOM
Iz X DHELSMIINTNS (Tablel-3) . Tk-GK KWHREMICESNE1F >
R7FZ RT =V OREAHREINET 572D, MAUFRNERITILST
Tk-GK DA F > R7 %y hT—r% Ec-GK ICEAL., ZEBZEOZEEZH
BRL7=. :
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2-2 FELHER
2-2-1 LTS RXIF

pET28a X Novagen #t P S5 % 2772, Tk-GK Z RERRI T2 -0DICHE
S8 7= pET-pkgk 1355 1 ETHEEL /=(79).E. coli IM109[recAl, endAl, gyrA96,
thi, hsdR17, SupE44, relAl, A-, A(lac-ProAB)/F, traD36, ProA+B+, laclqgZ AM15.]
72 X3 R pUCI9 i Toyobo Co, Ltd. 25, BEEEFREADEDHD E. coli
BL21(DE3)[F-, ompT, hsdSB(rB-mB-), gal, dcm(DE3)]id Novagen fIS5EBA L =,

2-2-2 WAUBRNERBELCFOBE

Ec-GK EEFIZA 1500bp & DEk2o MARMZRZEALDLTWL ST,
Ec-GK DEEFIIYA VY b a—F— 3> TL=—7 72 BamHI. Sphl. Xbal
Y4 FE2EBALRE (Fig2-1) o &KIZ Fig2-1 IZ/RTERATIC overlap extension 35T
EREPBALE, FROEBEAZI N DNAKHIZ—H pUCI9 27 D0—=> 7L
Db, BEEFIOREZT>TERODEALZER Lz, pUCI9 5@ L
[EEECTHHEZUIDHEL., BR7SXIFEEHosrPLOIO—=T3hi
Ec-GK B FOMWT HHIREBERY 1 MEICEAL %o

Ndlel Ba{n HI S, p{ll Cl'al ECf RI
Ec-glpK 432 878 1150 1509
Ndel BamHl
L -
0 A 432
MS50D (or E)
Nd'el ) Balm HI
0 A 432
S126D (or E)
432 A 878
mutant < T196K (or R) SphI Clal
fragments 878 é 1150
D323K (or R)
Splhl CIIaI Eci)RI
878 A 1150 1509
N374D (or E)
c[lal Ec|o RI
\ 11504 1509
N416D (or E)

N480D (or E) N488D (or E)
Fig2-1 A1ty MK ZER Ec-GK OEEBEEF

2-23 ZERBRORERBALER

BELUELTE GKEBLEFRER 7S XX RTE coli BL2I(DE3) ZEEERL =,
BonEEEERAE 30mgl OhF 1P U 2E0 LB EZAWT, 37CT
BB U, BERIED ODy, D5 0.6 IZZ LK IPTG ZREED ImM ITRB XD
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Nz, X51C 6 BREELE, HBEFMKE 6000Xg, 10 FOELIETER
L. 300mM O NaCl & 10mM 4 I ¥V —)V&ET 50mM ) I b U LN
v 77— (pH8.0) THE. BIIWIC L D0k 15,000X g, 30 FDELIBEIC
P Az EHEZ2ET LiE % Ni-NTA agarose 715 AL Jz. Ni-NTA
~DEHEHBORE L EHIX QIAGEN (DX =2 PIVIZHE > = FFR B
ENBFSOESZED, 300mM NaCl 253 SOmM Trs-HCl /¥y 7 7 —
(pHS8.5) THEN LEdDEEMENRFEOBITICHEMA L, EHEDRKEER
FElZ Coomasie Brilliant Blue TH& U 7= 12%SDS-PAGE IZ X > THERR L/zo Tk-
GK ¥ Ec-GK DEMEIF UV ORHKEPSEH Ule Tk-GK D Ay ™E 1.7 &
L. Ec-GK D Ayt"id 22 & L7=s

2-2-4 JEPERIE :
EHEREIZE 1 BICR UL SIS 2BBDITETITo R (79) « £, 2.0mM
® CoCl, ® L < ik MgCl,, 2.0mM D ATP, 3.0mM glycerol % =3¢ 100mM HEPES
JNw 77— (pH 8.0) ICEEZMZ 10 0. SEETRET %, RIGIIKERE
P 10mM 723 XS5 EDTA ZMZATEIELE. RIBBKRF D glycerol-3-
phosphate % glycerol-3-phosphate oxidase & peroxidase Zf{f o /= lbEEEELTH
EFELUTEREEZ2EH L, BRETIZ—2RIC lumole O glycerol-3-phosphate
BEETIEBREEZ 1212y PEEELE,
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23 WHREIEZ
2-3-1 ZRBRETFORE
Ec-GK RBATEAFRTRUIMFRTRY bT—21 Tk-GK 2R
BB bDODHN., SERTEATRETHDMOFEME GK ITBWTHEREINS
BEROEZBDES8EE ((F>2RT 4D, 1FRTEYITI—F 4D) B
D7/E L7z (Table2-1) » EEREIC. 1A RTEHBRTIDICHEELEZ X
SNDEBREREOLT I/ BRENOBREREZR Lz, BBERERS Asp
& Glu, HEMERESDS Lys, Arg ICFNFNEHRL., TEREFR 1 EFTICHL 2
BETOOER Ec-GK ZIERL~. Ec-GK DBEFICEIYAI L FIa—TF
—2alilLoTAZ— U 2HIBEEREY T % 3 TAESTBE. IS5 0H
[REER Y FEID DNA Wi 2ZE B L REZZATERBGFEBE L
(Fig.2-1) .

Table 2-1 Tk-GK & Ec-GK D # > R7 D LLk & 25 B LR

Tk-GK Ec-GK ERBEEAL
R382-E471-R470 R389-N480-R479 N480—D,E
K482-E479-R483 K491-K488-R492 K488—D,E
K122-E123-K190 R125-S126-H195 S126—D,E

E458-R423-D407-R459 E467-R432-N416-R468 N416—D,E
E49-R169 M50-K172 M50—D,E
K191-D193 T196-D198 T196—K,R
H318-E321 D325-D328 D325—K,R
K328-E367 K335-N374 N374—D,E

232 ZREBRORBEELEH

Ec-GK OHBARBLIUOEREIAGITHERTZ 5L 512 N KIRIZ His-tag %
MU TREIEZ. B 16 BEOZLED DL Serl26 % Asp ITEHL =
Ec-S126D & Lys488 % Asp IZTiE#: L /= Ec-K488D D 2 BEEIZ DWW TII W IEHEE
SELTRETIENTERN 2N, TRTOLEEHRICODEDRL Eb—
DOERBEREZELIENTER, INHLDEEFEZE Ni-NTA agarose THRE L.
SDS-PAGE THEH—/\>2 FIZR5EXTHAEL . Asn374 & Asp £/213 Glu ITE
#11L 7~ Ec-N374D & Ec-N374E. Asn 416 % Glu IZE#: L /- Ec-N416E ZRR &,
INSDOFEUBRDOHEHIIBMNEFEBLEFAKRTH 57 (Table2-2) .
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Table 2-2 % £ Ec-GK DItk

The enzymatic activity was determined in 0.1 M HEPES buffer (pH8.0) containing 2.0 mM MgCl,,
2.0mM ATP, and 3.0mM glycerol for 10 min at 30°C. The amount of glycerol-3-phosphate in the reaction
mixture was then determined colorimetrically at 30°C by coupled enzymatic reaction catalyzed by
glycerol-3-phosphate oxidase and peroxidase.

[ U/mg %
v 62.5 100
M50D 68.4 109
MS50E 718 115
S126E 680 109
T196K 78.3 125
T196R 72.9 117
D325K 65.9 105
D325R 67.5 108
N374D 545 87.2
N374E 40.2 64.3
N416D 30.0 48.0
N416E 62.0 99.2
N480D 68.8 110
N480E 83.0 133
K488E 67.9 109

2-3-3  #EEVEDFE

Ec-GK B BEORMETRALHI B L ARTAERNICEHLTLE S 2. CD
X3 — B RALHERE L > TREMZFTMTI2ENTE RN, £TI T,
AFAETCEALBEOREFEOLURTERBRRZAORLZ EM ZFM L =
(Table2-3) » BEEEOERD» L. ZREMPEIUESG. BRLETIVE
OEELIER>THREHZIZZIR U THEIEL 2D > /2. Asn374 Z Asp
721 Glu ITBE# U= Ec-N374D & . Ec-N374E. Lys488 % Glu ICBH# L /=
Ec-K488E. WIBREEEMELLBER EcGK LD IFRRETH B I BRI h
7=o Asndl6 % Asp F721& Glu ICEH#2 L /= Ec-N416D &. Ec-N416E. Glu325 %
Lys /=i Arg B2 U /= Ec-D325K &. Ec-D325R. D 4 L. BHER Ec-
GK L AREDBREEEZR L=, Thr196 % Lys £7i& Arg CE¥ L/ Ec-
T196K &. Ec-T196R. Asn480 % Asp /=& Glu ICEHLL /= Ec-N480D &,
Ec-N480E . BEI—BfFICEEZEALEBRPSEHIT Ec-GK Lh A LEDT
RETH >0 D325, N374, N4l16, K488, DZERIFI. WThoFEREICE
ELTBY, FRZIZVABETEERZARELBTIOREBEIRVWEEZ S
h3. LD, ShETEZEEINTHIERICE. BEHESTFO7 I/ BEA
EER D ELBEIESIWEEERAOARZST, EXSRICE->TWS DI,
FRATELRVWVEEEADPBE. BEOTEZEBALKCVEBI LEDOTERWR L
AR,
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Table 2-3 %2 Ec-GK ORERAERGME
After 30 min incubation, an aliquot of the enzyme solution was withdrawn and determined for
remaining activity. The solution containing Ec-GK or mutant Ec-GK at 20ug/ml in same buffer was

incubated at 55 °C.

e i) 13%
M50D 2%
MS50E 1%
S126E 14%
T196K 22%
T196R 23%
D325K 13%
D325R 11%
N374D 2%
N374E 3%
N416D 11%
N416E 11%
N480D 17%
N480E 19%
K488E 5%

100

remaining activity(®)

1 a 1 a 1 A 1

10

0 10 20 30 40 50
min
Fig2-2 2ERERBRERFEEOLE
Stability against heat inactivation. Semilog plots of the remaining activity versus the incubation time
are shown. Ec-GK and mutant GK were incubated in 20 mM Tris-HC1 (pH7.5) at 45°C.  Symbols: Ec-

GK (open circle), Ec-T196K (open square), Ec-T196R (open triangle), Ec-N480D (cross), Ec-N480E (X),
Ec-T196K/N480D (closed circle).
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2-3-4 2EZEERBRBEL T

T196, N480 D 2 YFi~DZERD Ec-GK ZDOIT DI THIBEELLEZ LD
5. TNOCDERZMAEALE 2 EXEREERE. EcTI96K/N480D ZHEHEL %
DREEEZHELE (Fig22) o Zhickde, —EXRERLTCICHER
BEOBREREMR. ZhIZERELELLRVDIIHL, 2 EZEEE Ec-
T196K/N480D Tl¥. BN LBREFEEOEKTIHEEINBFLEROCZOMODE
BEZLHRTHELSIPICEEEPETLTVAZ LPRINSE, 2D 2 EXEE
BRI -—EZEREEBZEODELONRZEDP LTI DVRBVWREMSRZHE L TE
SEHDTHoEMN, VNI a—F—>a OREEHERZTRIRT ZHR
BEREIBOhRDPo7=. GK BMEREFICRAS > E—2 a3 LTHERIK
SLEOLCBETHIBEIINETOMREISERINTNS, T, 20D
EREHEAESDODEZZLIZLD, Ec-GK DEREMDPAEIKTLEDEK., &
BOMEBEERADPEREBERICEL. ZOHER. COXDIRRASLS L E—Vald
ELLLBRbhEZOP ANV, UEOHERIE. =& X Tk-GK O7 I/
BB ESEICLEL LTS Ec-GK DM Z A LI VI ERZTTA 0T
BILEIREH LW L E2RET S,
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BIE
DNA shuffling 12 & % Tk-GK & Ec-GK O F A S EER DEBR
& B E TR AT

3-1 HE

B, FRAERROEAERZTOEREOREOSICURTRETHS. L
MLENE., BREEEREOREMA DAL DNTIIE < OMPERIN
T %, DNA shuffling 135 > LACHABRIZBEFDO T4 T7 5 Y —% invitro
THRETHIEDOEVBEOBRBWHETHHEELD (80, 81) . ZOHIER
EliEAEELICE > TEAEOBEZRET 220 LIELEEDN TV S
(82-84) . 7. HFEEOBNIDDBEFDT VFLIBN1T )y REHEE
TZELHTES (85) . bl. BYUBRBRANEETHIE. DNA shuffling %
foT, FRAEARENE EFRERREAEOLZEHDEWVICEARLTSY
I BBHERELEZD, BELEZDTRIENTES, BAREREBHELLT
DEBMEREO/OBEFEI VI ALACHAEL TBELEFASEOEDORE
MR 27203, BRENEEAEOGBREANOHESEEICET 514 2iF%k
NESNBEEZLOND, FITE 2 ETHRZLDIZ. Tk-GK & Ec-GK Oiiif
BHEOENEDZSTTY I/ BEBEREHAFRNERECIVAET 2 M
R B EIIZDFENERHTH S,

Tk-GK & Ec-GK 13EAMAT I /BEHOBEMITWE LEEZISNDL
. shuffling ICXDFASEROBEICEL TW5D,

AFZTIL. Tk-GK & Ec-GK 21— RL TWABEBLEFOFATEELTDS
{7 51)—7% DNA shuffling 12k > THEL. Ec-GK LV bR ELEREZO
—RLTWBBEFEAVY—Z2F LT,
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32 MRleAE
3-2-1 ME

MacConkeyAgar I Difco 7 5 B A U /=, glycerol-3-phosphate oxidase &
peroxidase % Toyobo Co., Ltd 7* 5 TH\ 7=,

322 HilEL7>RAIF

pET28a i Novagen #t D 5BA L. Tk-GK Z KERHI VL -DICHEEL
7= pET-pkgk 355 1 BTHELE (79) . Ec-GK BT ERKLEBEEIRBE
E. coli DG1[ara, A(lac-ProAB) , rpsL, ®80 lacZAM15, hsd R(r,, m*), Gle] (12) &
Dr.D.W Pettigrew »* 5 5338 % % 1 7= o glycerol kinase D FERBEE & L =
DGI(DE3) . E. coli DGl % lacUV5 DXE T D T7 RNA polymerase %48 3
%MDE3 THRIE U THEEL =,

323 IS5 XI RDOEE
His-tag 24 L7 Tk-GK & Ec-GK ZRERBIEIDDORFANI I —%

BE L. Tk-GK OE=FIL pET-pkgk #8E8E& LTKRD 2 FEE D primer T\
. 5’-GGGACAATTACATATGGAAAAGTTCGTTC-3’
5’-CCGCCGGAATTCTATCAATTTGATTTTGC-3’
PCR B Lo £/, Ec-GK DEBIEETFRIRNGEOREEHRZHFL LT,
5-GGGACAATTACATATGACTGAAAAA-3’
5’-CGCCGGAATTCTATTATTCGTCGTG-3’

M 2 FEFAD primer T PCRIBIE L 7=,

T =S4 VIEFNEN Ndel V14 b& EcoRI Y4 bZERLTHD. BAgsa
RO eRIETRUBEFNZNRMETELR L TH %S, PCR THEIEL = DNA WiH
% Ndel, EcoRI TMLIEL. pET282 I/ 0—= U L, TDTFXI FHD
Tk-GK BEF & Ec-GK BEFIX T7 7R0E—F—IC ko CHBEXh. ZhZEh
@D N RKigEFIZ I His-tag DI N TN B,

3-2-4 DNA shuffling
PCR THEL = Tk-GK & Ec-GK DEIxT 3.0ug ZZNZN TthHBSI &

Haelll THAELU=#ER,. Tk-GK & Ec-GK D#EEFIZZNZFH 30-300bp DEE
BT 11 A ThHBSI WiH & 9 KD Haelll i 2527 ThODMFZER
WEILEPHOD =TIV SRR LT, 512, Amold 5D (86) Iok-
C DNasel TUELTLh/hZ0WERICLE, T 5D DNA BTH % Kikuchi 5
DA% (83) IZHE> T, primer ZHMZ RV PCR I L. WiF 22838,
Zh 5D DNA pool IZHIRD primer ZHRERETDHABDOLETMATHY
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PCR B %17 o /=, 1500bp DEIEWTF % Ndel & EcoRl ¥4 } T pET28a IZ7
D——:.\/b*l/to

3-25 MREMFASEROER

W% E. coli DG1(DE3) & MacConkey-glycerol plate £ TH®&D IO = —Z K
T35, Tk-GK & L& Ec-GK DEGFZ2E R LETSXAIREZRETS
DGI(DE3) ix 7L — b+ ECHREDID =—%2FEKT 5. Ec-GK & b S REHD
BEWFAS GK BEELTWS E. coli DGI(DE3) O EERKEZ LI TDHET
B LE. ¥ASERFDORENI Y —TEEBR L= E coli DGI(DE3) %
Jougml DHF<A L ESH LB 7L — b TCI0=—EREEEDSL, 20
——%AFICS5DOLT ImMIPTG 22U ETREFEL2IToz. ZDBHK
% 60°C. 5 SREMNELIEE U /=%, MacConkey-glycerol i FiZf#8 L 37°CT 2
BB Lk, A LETHREZE LR ERLEMASE positive & LTERLE. 2
DT Tk Tk-GK B F 2RO EEHRAKIX positive signal & L TR h
%P5, Ec-GK I negative signal 223 %, BIEOEEEGRED 7S X I K&
HU. FATECFOBERTNZEREL 2o

3-2-6 RKESELREHR

M DT BRI 30mg/liter DAF <A 2 ZET LB EEAWT.37C
THEE LR, HEEHD ODyW D 0.6 ICEL K IPTG ZHKEED ImM IR 35 X
SITMZ. T5IC 6 BRRIEE L. BWEEKIE 6000Xg, 10 FDELIHTE
B L. 300mM @ NaCl & 10mM £ I ¥V =)V %S SomM UV EF M) DA
)Nw 77— (pH8.0) TRE. BEWIZ LW 15,000X g, 30 Z D LB
ChlFE. AL ZEAE2S5T LE#® Ni-NTA agarose 72 AIZHE U= Ni-
NTA ~OEHNEHABOHES LERIE QIAGEN HDY a2 7NV > 7. B
EHBEORESER ZSTE S ZED. 300mM NaCl #E1 S0mM Tris-HC1 /¥y
77— (pH8.5) TEN L=dDEEMFNRFECENICHEA L. EHE
D¥EBLE T Coomasie Brilliant Blue THE L /= 12%SDS-PAGE IZ X > THEER L
7= (50) o Tk-GK & Ec-GK DEEIX UV OIRKEDISEH L. Tk-GK D
A X 1.7 & Lo '

3-2-7 EHERIE

EEREII U OMETIT o= 2BEOFETIT>72(79) o £9. 2.0mM D
CoCL & U < I& MgCl,. 2.0mM D ATP, 3.0mM glycerol %Z&¢5 100mM HEPES /¥
v 77— (pH 8.0) ICEEEZMZ 10 7. SBRETHRET 5. RINIHKEEN
10mM 12723 & 512 EDTA 22 TELE U 7 o RIS H D glycerol-3-phosphate
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% glycerol-3-phosphate oxidase & peroxidase Z{f > =HLEBEEXETHE L T
EEMZEHR LU, BEEEIE—2BIC lpmole @ glycerol-3-phosphate % 4 EE
TIBEERZ 12y beEELE.

3-2-8 CD#E
CD X7 MVOBRIEIX J-725 spectrometer 2> TITo 2. BEREEIZ 0.12-

0.16mg/ml T 300mM NaCl #Z&3s 50mM Tris-HCl /N» 7 7 — (pH8.5) HTHT
o7, Off (degem'dmol) X7 I VEEHSFE 110 2HE>TEHL =,
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33 BRLEE
3-3-1 DNAshuffling IC X3 FASBEOREE

Ec-GK LD HHRERFASEEZINBT2-DICHNBEOELZARDSZ
CICE DX ASBEDERFEEN L. E coli DGI(DE3) EEEH#EN?S >
VELNZ 62 BEBIRLUELZ A, 197 %D GK FEMHBHHKTH . Th5
OBDL 7Y % 60°C. 5 DOMENMIBIZEH L= T A, MAROBHEEZRT
BROBUTBIEICHD LU 14 BROAICIR o720 Hapl, Mlul, Sau3Al THIFEEERL
BYw LV EToREER. 4HODS 5 8 #ik Tk-GK DELETFTHHEHH
Bl /. ZOMHD 6 BEO TSI RIZ 4 BEDOXFASEETER>T
WBREDESDPoE, TNOLDEEFEFZHEL. EFASEEREREZUTOLII
£ L/, E/T-GK409 (1-409 ZFHMH Ec-GK T 400-497 »* Tk-GK) . E/T-GK419

(1-419 ZHD Ec-GK T 410-497 H5 Tk-GK) . T/E-GK83 (1-83 ZH D' Tk-GK
T 86-502 7 Ec-GK) . T/E-GK487 (1-487 ZH DS Tk-GK T 498-502 1° Ec-GK)

(Fig3-1) o CNEDFASHRTLISICNVTN T TCOMABILLL
TWkW\WZ eh s, BES PCR ORBOMEAMZIIEIH I D ESEP-EE
DPEZ %,

HILBEBEMTH > D HICE Ec-GK PiDF A5 GK BEEN TV
TJEEE DS B, shuffling D Tk-GK ~DERIZ 4% (197 BkF 8 #%k) BETH
S>7=M. Ec-GK DD PCR 1L > T L DERIICHEIET 52F» 5. Ec-GK ~
DEROEREIZ Tk-GK LD dEDP > -AIEMEDIE %, HIRERZ DNA OB
EAbicERAT 2 &, HIEEEIC X S USRI, primer free D PCR KFIZ[E—&
EFOWERTORS. BIUHERRZME T2 L6, KDBREOICT
ASEBEFEBIENTED (83, 84) « AHIFETIL. HIFEEEZR & DNasel DFf
AREDHEIZL S DNA OMKEEZEITo /e LPLEDBS, Bo5NEFATEE
FiZ 1 B TOEAEDL LPRONED DX Tk-GK ~NERTZ2HD
bHor. ChEHDELEFIZ. HEBRICLA2MFIEPIELETHNITE LN
FTDHDTH o720, shuffling FIEDRPTUNED OB BBEALEZEZD
2. COESRBREFDPELEZDELEBDNS,

Fig.3-1. Tk-GK. Ec-GK. ¥X3 GK 07 I/ BEFOLEE (RA)

The amino acid sequences derived from Tk-GK are shaded in black and derived from Ec-GK are
shaded in gray. The amino acid residues of chimeric GKs, which are identical with those of either Tk-GK
or Ec-GK, are indicated by an alphabet. The amino acids substituted by point mutation are indicated
without shade. The alphabets under the sequence indicate that the charged amino acid forming ion pairs in
C-terminus region of Tk-GK. The ranges of the 16 a-helices and the 25 f-strands of Ec-GK are shown
above the sequences, according to the crystal structure determined by Hurley ez al. (15). The sequences
have been deposited in Swiss-Prot with code numbers of P08859 for E. coli GK (Ec-GK) and in DDBJ
with accession number AB012099 for 7k-GK.
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332 AE{ER RN
Tk-GK. Ec-GK L ERIC 4 BHEOF A SHEED Histag ZMULT E coli
DGI(DE3) TREFREE L=. TRTOBERIE Ni-NTA 7HE—2 2> T,
' SDS-PAGE FTHE—INV FERDBETRELE. 1l OBERISB/LNERER
21X 8mg 5 28mg TH o 7= (Table3-1) o THBDF A SBEDERKE UV CD
27 MUt Tk-GK ® Ec-GK DD ERIPTWELrH, ZIREE LRE
RBBNMIEWL ES>EWREIN:E (Fig3-2) o Ec-GK 1B 2 &k L 4 B D
TERRECE D, EEHSENL 2 BETEET 2 LBREINTVS (9, 10)
DS, REFZETIE 045 ug/ml DEETH 2 BERUDPHERTERP o=, Tk-GK &
2BARTHBILDE, FATEEL I 2EKRTHIEDITRINDS,
Fig3-2 $ER CD ARY MLOHE

-10000

-15000 , r
200 220 240 260
) nm

The CD spectra of Ec-GK (thick dotted line), Tk-GK (thick line), E/T-GK409 (thin dotted line), E/T-
GK419 (thick broken line), T/E-GK83 (thin broken line) and T/E-GK 487 (thin line) were measured in 50

mM Tris-HCl buffer (pH8.5) containing 0.3 M NaCl at 20°C as described in materials and methods.

3-3-3 EBEEN

XFASBEICMANT D, Tk-GK % Ec-GK L HERICE#ZH T TCOEEZ
R L7 (Table3-1) o ZNZNOBRORBEERE. BXEEAA A IO
WX Tablel 250 L TW %o MBIDIE T Tk-GK @ 70°C. 90°CT DiEM:
H80CHLELYHEDP-EILDS, KIBEHBEIL 80°CL LTWEMD,
ASEOHET 85°CTOFEMDBL D EDP =D, SSCHEFRETHD L
=2 %o Ec-GK DRGEFREIX 65°CTHIEMEIE 107u/mg Tdh o %o
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Table 3-1 Tk-GK. Ec-GK. ¥ X5 GK ODLLiEH

Enzyme Yield* Metal ion® Optimum Specific
temperature activity®
(mg) C) (units/mg)
Ec-GK 13 Mg 65 107
E/T-GK409 11 Mg* 75 24
E/T-GK419 8 Mg 75 32
T/E-GK83 28 Mg* 50 22
T/E-GKA487 10 Co* 80 703
Tk-GK 14 Co™ 85 724

*The amount of the protein purified from 1 liter culture. ®The most preferable metal ion for activity. “The
enzymatic activity was determined in 0.1 M HEPES buffer (pH8.0) containing 2.0 mM CoCl, or MgCl,,
2.0mM ATP, and 3.0mM glycerol for 10 min at the individual optimum temperatures. The amount of
glycerol-3-phosphate in the reaction mixture was then determined colorimetrically at 37°C by coupled
enzymatic reaction catalyzed by glycerol-3-phosphate oxidase and peroxidase. The experiment was
carried out in duplicate, and errors from the average values were within 10% of the values reported.

Tk-GK ODRIGICEBBREBEA A & Co”T. Ec-GK I Mg TH b, ¥ X7
BEICOVWTH., ZEEBI A UBEELTHEIPEARBRLEZLZ A, TE-
GK487 Mg? &b & CoZDEBELDBELTWB I L Bagho/z, >T. TDF
A SEEEIL Tk-GK OB ZBIEHNTNIEBEZI NS, BE. T/E-GK487
DEBEEE Tk-GK DZFNITE V. BERKIC. CooTREMZEZRTTIC Mg™ T
&M %R U= E/T-GK409, E/T-GK419. T/E-GK83 I& Ec-GK LA DOFEZHE
LTWBEEZONE, NS DERDILTEHIX Ec-GK IZEWETH > =55
WTFhd Ec-GK L hEWMETH o2 ThiF. C Kig. N RKEED7I VB
BHD CD CIHRETERVWEED, 2074 A3 Ez5IEEILT
WaEHEEEZLND,

3-3-4 #/EEM |

FASBEORLEFEBREZHLBELEZLIA, FLAYDERE Ec-GK &
Tk-GK DHBEORIGZEBREZB L TWAEDSES P> =B, T/E-GKS3 & Ec-
GK LW HEVWEFREZRLTBY. TRETHHEIPDLD» o7 (Table3-1) o
CNOEDFASBEORZTEHRZ IV EENCHERTEEDIC. FRET 20
SREMER L BOREEEZ 30°CTRIELE. ZOEBRT. Tk-GK & 95°CT
EMEDERTBDICx L. Ec-GK 13 50-55°CTIEMEDER/M L /= (Fig3-3) o &
D& 31z, Tk-GK DIEMEEFIRE (T,,) E Ec-GK &b b, 40-45CHEV,
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Fig.3-3 Tk-GK. Ec-GK. F AT GK D#EkIE
The enzyme was dissolved in 10 mM Tris-HCI buffer (pH8.0) containing 0.3 M NaCl at a
concentration of ~0.1 mg/ml, incubated for 20 min at the temperatures indicated, and determined for
remaining activity at 30°C. Symbols: Tk-GK (closed circle), Ec-GK (open circle), E/T-GK409 (open
triangle), E/T-GK419 (open square), T/E-GK83 (cross), T/E-GK487 (closed triangle).

Tk-GK & Ec-GK D7 I / BEEFI 200 BEL LR D, ZOX5BEHRE
FRIZEEFIEEICHmL TS (Fig3-1) . C RKmdD 83 ZEZ%E Tk-GK BIZL
F A SEEE E/T-GK419 D T, 1d Ec-GK @ T, &0 H 25-30CHE V. —H. N K
SR 85 FHE % Tk-GK BUZ U7=F XA SBEF% T/E-GK83 D Ty, 1 Ec-GK @ T, &
DB 5-100CENCRIFmD 93 BE 2 Tk-GK BIZ L 7=F XA SEBEFE D E/T-GK409 D
T,, V& E/T-GK419 @ T,, L F#E. Ec-GK @ T,, &V 25-30°CE VY, E/T-GK409.
E/T-GK419 & Ec-GK D—REEZHARB &, 40 BRFICT X JBREHMNRS
N3N, ZOEIT Tk-GK & Ec-GK ZHBELZBEOHN 1/5 ITBERN, £h
IZHnMnbh 53, Ec-GK & E/T-GK409, E/T-GK419 @ T,, D&EWIE Ec-GK &
Tk-GK @ T,, DEWVWDHK 2/3 ITET D, ZDIENDS. Tk-GK OREEMIZ
BEL TWB Y I JEBESREN C KHMEICEEL L TREL TWAHEHEENSN
EBbhs,

Ec-GK D#EEEEBITOERE (15) X0, C RFoD 83 BEIY 1=y b
REWCHEELTWS (Fig34) . ULMLAEMNS, CERMEE D helix (480-493)
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IZ Ec-GK O 4 &£ (0,X.Y,Z) ® O-Y REICHIEL TS, ZNFE TCORFFKET.
0-Y REIZMHD 0-X. 0-Z REZHARTLET. Ec-GK & 0-Y D 2 ®IKZIE
RLTWBEEZLNTWS (15) o 0-Y REDOLEIE GK DL EITEDS
STWBHE LW, T/E-GK487 D T,, D Tk-GK IZHARTEBLZ 15°CHL
FELTWEHEY ZOR#HZENTTVWEENWZ S, LU, Ec-GK & E/T-
GK419 O 7 I/ BEH DEVWDOH, ENDBLREMDENELEATNDDH X
DEEIC IR E T AL EDEA S

ZhSDF A TG FIE Be-GK & b ZEMDEWEEE Z BSERTE 2 0
TWe LD BIC T/E-GK83 D Ec-GK L W b A LRETH > =HEIFHIDZ &
TH-o1o ZHE. in vivo TEIRLEEDIC, BERNBRSDEFAESL. EHED
ERBEDBEELEDOTRERVWDEELZ T WD, £, /XA ZEEFIZIEPCR
IT5—ICLBHEERDPASDTVED, ZhbiEWnWTIhd, 2 FREICHFELELT
B, IASHEOLREMICKERFPELZE5Z5HDTERVEVNL %o

Fig3-4 Ec-GK &K I{ikiEE
The structure of Ec-GK monomaer (PDB code 1GLB), determined by Hurley ef al. (15) was drawn

with the program RasMol. “C term” represent the C-termini of the molecule. The C-termini segment
(420-502) is shown in red. The segments 49-66, 341-347 and 362-369, and 321-333, which are involved

in the O-X, O-Y, and 0-Z interfaces, respectively, in the tetrameric structure, are shown as shade.
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3-3-5 DNA shuffling D& F &

Tk-GK & Ec-GK FAFEBYV A XABKEL, MFOMOY I VHBREHD 200
BT FEET B s, BUKRNEROBEA LS TFOT YA L TRENL
WWESELTWA7PI VBB ERDODITZZLIIRETH S, EIE, H 2 BETHR
L& Hic. Ec-GK 12 Tk-GK B 7 I VBEHRZEAT S LIZX D, Ec-GK
DOLREEXKBRAATETERLU TS, F/z. 1-254 £ TH Ec-GK T 249-497
FTH Tk-GK TH B FASEEEY 1-248 B Tk-GK T 255-502 5% Ec-GK TH 3
X ASEEOBEZAALD. BEEITERDPoE. ThHOBRIE. BERRN
TRERBRT2ENTERDP>EIEDPS, HELULIBOEEEADPELUTE
LW hBABTERDPSEDELEEIOND,

DNA shuffling 3. EeFIEHROEEIE L AEED M I X b #EER EorF 2 A
TREMNEHRB LY THILEZIOND, HERIMEICHT2EFICLD,
BHLEONTLBIDTHZ LAY >TUFW, MEREEEPNE T ICES]
BER Y A THEEDBIRZMEIZ LT LE D ENTE 20T, MEHAEHEE. B
FUREEAREIC BT 2 R ARE D ZREL BT IEATOT YA VB TESHATH
RATRZ > 7= ELIBL B L 2 BDE %, RitFETld. DNA shuffling Z iV,
Tk-GK % Ec-GK ICHARTEHEMLLTWE 7 I JBREBRD C KinmRIBIZREL
TWBIZ %R UE. Tk-GK S Ec-Gk & b EW M Z2 7R T# I DWW T
THRPERBARRS X TS AT R E DR B L BN B B, BL_E D
g Tk GK 2: Ec-GK %3/\) LUTHWS /ZTAMﬁﬁ?i’f@ﬁ%?é@méﬂ%

DI, ”LL/XTAfﬁa t%TbTm%o‘
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B4eE
BT B 05 B 3R subtilisin &Y protease O RrtEMEHT
41 HFR
U 7aFr7 —CREBRLCAHOEE T, FERRIMHEINTNLE

FTHD, THNSIXEEHOIT Catalytic triad &1 Ser. His. Asp. D=DD
TI/BEBEZHFL TREBELTWRZERASNTWVNS, £, INS5OE
#13. subtilase group & trypsin-like serine protease group D =D D J )L —TITH
5B, RIBEOAFNEEIDDBLIVAL., B HE. BEHELZELDE
VI TR INTBD. 72V EEFIOENVIZED, 6 DD 7T 7 X1 — (Subtilisin,
Thermitase. Proteinase K. Lantibiotic peptidase. Kexin. Pyrolysin) IZ/3EINT
W3 (86) . B. subtilis EH3E®D subtilisin E (87) . B. amyloliquefaciens H13K subtilisin
BPN’ (88) . B. licheniformis HHE® subtilisin Carlsberg (89) R ENFENS.
Subtilisin family I3 E&E EBENRDESHARINTHY ., #HEBERTBITD
NTNS (90,91,92) . subtilisin IIFEEMICFAMEOGNERTHLENS.
EHETIRICLS. BRIEECKERDORENEAIITONTNS (93,9%4) .

subtilisin {ZHAfEN TIIRBEBLE D N Kl pre BLFl & pro BLFIMNFT Wz
@ pre-pro-subtilisin EMEIENZRIBETERIND (87, 89, 88) . pre BLFlid
TrFNWVRTFRELTEE, 1 NS5 XL%EL T, pro-subtilisin Z 73T
%, pro BBANIDFAR + ROV ELTEHE. RRAEHEOHVELZHITS
BEELTWS (95, 96, 97) . pro BLFIISHRBERE N S BC ML THAE
BEMNSYVEEEN., TORRRKAEGENEESINDS,

AZE T, glycerol kinase ZHWB I ATF LMD, BEREBEREIXRTZHE
FRBHIEICLKD., FREBRROWMRBBEZBEN T SOTBLIZ AT LZE
BETHIENHENEDINEFRRDEMWT. T kodakaraensis KOD1 H3KD
subtilisin ZE¥3E (Tk-subtilisin) BFOr/O0—=27, HABEIEREDOFREH,.
BEl, FHEBTER IR 7.
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42 MREHE
4-2-1 EHRETSAIF

T. kodakaraensis KOD1 IZ AR EKEZCHBEINEEKTD (19) o E coli
"HB101[F", hsdS20(ry", my) recAl3 ara-13 proA2 lacY1 galK2 rpsL20 (Sm") xyl-5 mtl-1
supE44 . 72 X 2 R pBR322, pUC18 (& Takara Co., Ltd 5> 5. E. coli BL21-codon
Plus (DE3)-RIL [F, ompT hsd S(ry, my) dem™ Tet' gal (DE3) endA Hte (argU ileY
leuW Cam’ )] 1% Stratagene, 77 X I K pET25b i Novagen S A L%,

422 Tk-subtilisin BEFOrO—=> 7

T. kodakaraensis KOD1 D ¥ A DNA I XBRIC X B HEICHREVGEAR L =
(44) o Hindlll THAL L 7=3EK DNA % pBR322 I/ 0 —= V7 L THE
kDS54 T75)—%EELE. 5475V —TE. coli HB101 ZEHEEHE L.
LB-casein ZEXK3EHL (Luria-Bertani medium supplemented with 1% casein, 50 pg/mi
ampicillin, and 1.5% agar) £ 37°CTE&E L=, an=—BRLETL— M
BEIEZE0HIC. 1%0 Tween20 23 13%DEXRZEE LT, 800CTE5
WC2HBET S LEMPDO AL, VOBRICLZSBEDERIND, HEL
OHRERTND—DPEEINEZI0=2—» 57523 K DNA ##HL. ¥
Tro—> UEEEMNOBREZIT> . BERIDPEEIX. dideoxy-chain
termination 3% (49) T ABI prism310 2> T 2B I o> =, BEES. 7
I BESI O 7 ML DNASIS (Hitachi) Z#A Lk,

4-2-3 Tk-subtilisin D XKBFEHR LB
Tk-subtilisin DFEE N3 pro EFIZUTD2EEOTS A v —THIRL =,
5. AGTCCCTGCACATATGGGAGAGCAGAATACAATA-3’

5’-AGTGGATCCAATCAGCCCAGGGC-3’
PCR IZiZ vent polymerase & Perkin-Elmer DY —< NP A V5 —2HWE, £

DFEEIEIE L= 1.2kbp D DNA Wi % Ndel & BamHl TUELEHT7T > X I
K pET25b I D72 &, pET25b-Tk-subtilisin Z{ER L7z D 7T XX RT E. coli
BL21-codon Plus(DE3) #EEERHEL T Tk-subtilisin DREBRFZ L L. FON
ERBERKE sougml D7 U ET ) U EED LB BH#ilcHEE L. 37CTEE
U7zo 660nm DIRFED 0.6 ICRDETHEELEDS IPTG ZREED 1mM I -
BRBEIICHEMU CGEETORBRZE 2T ok, IHIC 4 IKAEEZMELL
#®, FE USRI L&,

TRTOBHUFIEL 4CTIT oo EH L /2MIRIZ. 20mM Tris-HCl (pH 9.0)
Ny 7 7—TREL., BEHCHEZERLZE. 15000X g 30 ZEOEDL
SEETIRR Y FEICOBE L = IBE S 8M DFRE%Z ST 20mM Tris-HCl (pH
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9.0) Ny 7 7P—%MZ. wEEEH»LAE, 20mM Trs-HCl (pH 9.0) /Sy 7
> —THENRLTREZROEBE, 512 15000X g, 30 AEDELSEEEZ B
rol., FEESZEBU/NNY 77 —TEE{L L~ Sml ¥4 XD Hi-TrapQ OH
SAZHL. BELEY VISV EZ 0-IM OEZERZ NaCl DEEAEZ DT 7=
YA, # 05M D NaCl T Tk-subtilisin IZBH L. BEEX. ¥37%
%8 L 7= 12%SDS-PAGE % Coomassie Brilliant Blue THREL THRE L=, 5
I=. Procise HEIS —FV TP —T N RKEDO7 I VBREFZHEEL Zo Tk-
subtilisin D> F &L Superdex 200 DT NVABHZ LAZFEVRELE. BT A
i 150mM NaCl #2Z¢¢ 10mM Trs-HCl (pH7.5) TE#&bL., E#ELFEY—
H—& L Ti. BSA (67kDa) . ovalbmin (43kDa) . chymotrypsinogen A (25kDa) .
RNaseA (13.7kDa) Z{HERE L 7=,

4-2-4 EHZRE

KEIDE D 5 72 12%D SDS-PAGE ')V % 2.5% Triton X-100 Z&A 72 50mM
CAPS-NaOH (pH9.5) T 1 K7D HIZ. 05% EZF L 2ZARE 12%
polyacrylamide gel ICEHEBE#>5 DU L7V AZMERLE (19) - LZYUAD
FV#% 80°CT 16 BERSHE L. BHEOSMEISZITV. 100ml D 0.1% amide
black ¥A#k (30% methanol, 10% BEER. 60%7K) TRELE, 7O0F7—ED
N RIIFNWVLEICESF L ORRIZL>TRIZEDKRITENY R LTRE

éhf:o

4-2-5 EERE

YEHE DB FEIL N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide (AAPF) , N-succinyl-
Ala-Ala-Pro-Leu-p-nitroanilide (AAPL), or N-succinyl-Ala-Ala-Pro-Asp-p-nitroanilide
(AAPD) (Sigma) @ 3 FEEOAHKEE% 0.13mM OREETHENWXRICKSS
ETEELE (97)0 Tk-subtilisin OIEHFBEIFEICIE SmM CaCl, ZEAE. 50mM
CAPS- NaOH (pH9.5) Z{#\ . subtilisin E OFEHEIZEICIE SmM CaCl, 22 A
7. Trs-HCl (pH85) 25w 77— LTHEALZ. RIb&EKIZ 80°C (Tk-
subtilisin)  F /=& 50°C (subtilisin E) THRE LB, HERBICK>TEL S
p-nitroaniline DERKE % 410 nm DR L BNV AFIRIEFRE 8,900 M'em™ 1T X
STREEHD., Zhick b, BEEEZHEELE. 1 2= v M Tk-subtilisin T
& 80°C. subtilisin E Tik 50°C IZBWVWT. ZhZh. 1 FRIC lnmol D p-
nitroaniline 24K T AEEE L FHE LU=, Tk-subtlisin & subtilisin E DEEIZ
280nm DRI Y., ZNZND A B (124 & 125) KL>THEELE. 2
DfEiZ tyrosine & tryptophan Deff (1,576 M'em™ & 5225M'em™) K> THE

U= (98) o
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426 FVR7F FHEUGERFREORE

F2{t insulin A $8F /=1 B $HICEEILL 10:1 T Tk-subtilisin 2B TEEEH
T 30 Wb L. HPLC DA > A COSMOSIL 5C,;-AR column (4.6 mm x 150
mm) T, X7F R OB 1T o 120 1%EFBEFFLE T\ 15%~50%D acetonitrile
BREEARTEEZITV. 230om ORAEEZRETHILICEIDARTF RO
B %17\, LCQ Mass Spectrometer System T FEZEEL o

427 CD A7 FIVAIE
J-725 automatic spectropolarimeter Z{#f L 7/z. 0.11mg/ml O Tk-subtilisin &K
(20mM Tris-HCI pH9.0, 500mM NaCl) & 0.11mg/ml @ subtilisin E DA (10mM
Tris-HCl pH7.5. 150mM NaCl) oW TEHE (200-260nm) @ CD X7 b
WBIEZT> e 73X/ BOEHSFEIX 110 L LTOE (cm’dmol’) DEH
2{To 7%,
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4-3 R
4-3-1 Tk-subtilisin BE=zFO 70 —=27

h¥L LTV — bﬁmkﬁﬁéhTEE%@¢®:D_—%SWWJ@LT&
O =——DFYCHEA VBRI L > T TEAHAWVWND—2EERT HET.
BRIt 7y F P —YR2AETAREEREEZERT 2B TEEZ, 2O
FETERUAEEEBEREAKISEINTWEZ7S5XI 256K 1.5kbp @D Hindll
W EDEREEINE. ZOWAEDEREEH ZHRE LEFT. Tk-subtlisin B{mF7H
pre-pro-Ee5 L Bbh B EFI & L b ICHER I iz, Z DEFHEERD 5| Tk-subtilisin
422 7IVOBEBRELILRD, HESTFEIR 43,783 FERAIZ 45 THHI L
DBHEXI N, SD BHlE TATA BF & & CEERMAOLRIC. FEAEER
BY A MIKIEa FUOTRICZENZNEZ SN,

4-32 7 I BRES
JO—= VT INEBEFOT I BESD ST -5 R—-AOHEEMBREZ
1T - 7= . Tk-subtilisin i Subtilisin family BT 2 FE D0 D o /=, fiiD Subtilisin
family DA L IS—D7 3 JBEFI L B L2 2 A, Tk-subtilisin &, 24 &E
(Met' » 5 Ala®) 57423 pre BlFl & 82 BE (Gly¥ 25 Pro?) 2572 % pro
BaFl. 316 BE (Ala' 25 Gly’) DPoLRBEE AL U DPSHBEIBISP o
(Fig. 4-1) o WWW P —/Y— SignalP V2.0 7075 L% FoL T A, FHIE
= pre BEFIZ AW 7 F IV & UTREZ NLizo Tk-subtilisin DEE R XA 2D
7 3 BESIDFE ML aerolysin (99) & 45%. subtilisin E (87) & BPN (88)
IZXF LT 44%. carlesberg (89) 1% 43% Td > 7z. /=, subtilase DD family
p7aF7r—Ee . LBNICEWHERMEZTRL TW%,. Thermitase family D
termitase (100) & I 41%. Proteinase K family (D proteinase K & {& 36%. Lantibiotic
pepetidase family @ lactocin leader peptidase (101) & i 28%. Kexin family @ Kex2
(102) &1 30%. Pyrolysin family @ pyrolysin (103) D&M R A 4 > & 1E 38% D
Bl—MEDH o TS TRTD subtilase IZHFEESIN TV BEEHID catalytic
triad (Asp*. His'. Ser?) & oxyanion hole T# 3% Asn'® {& Tk-subtilisin {2
REINL TV,
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Fig.4-1 Subtilisin ®7 X J BEEH| D HE

Alignment of subtilisin sequences. The amino acid sequence of Tk-subtilisin (Tk-sub) is compared
with those of aerolysin (Paelys) (accession no. S76079), subtilisin Carlsberg (BlsCar) (accession no.
X03341), subtilisin BPN* (BasBPN) (accession no. X00165), and subtilisin E (BssE) (accession no.
K01988). Gaps are denoted by dashes. Amino acid residues, which are conserved in at least three
different sequences, are denoted with inverse letters. The amino acid residues that form a catalytic triad
and the asparagine residue that forms an oxyanion hole are denoted by solid and open circles, respectively.
Numbers represent the positions of the amino acid residues starting from the N-terminus of the mature
protein for bacterial subtilisins and a putative catalytic domain for Tk-subtilisin and aerolysin. The ranges
of eight a-helices and nine B-strands of subtilisin BPN’  are shown above the sequences.
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4-3-3 KEXELEH

LSBT I WA 728, T7 70E—4 —T Tk-subtilisin ZRHEI ¥ 3,
AREHIFR pET25b-Tk-subtilisin ZHEZFEL /=, D Tk-subtilisin i pro FLFZZ
ATED, 399 7V BEREPS52S (Met + Gly-82-Gly316) o CNETOM
25 S A pro-subtilisin IEKBEATREI LS &, TEtERBAKE LTE
BT5H, BERTLAECHABREIBONZESSDP>TNEZDT (104) |
Tk-subtilisin . pro Ah SFEBEE ¥ =, R/ LT, Tk-subtilisin iZFFERNTHEA
HWELTERLE, INERATHBRLE. BRCL>oTREZRESEREZ
BRI R, 202 Figd-2 @ lane2 DL S ITHEEO/NY R DB EAEHSIC
Aoz, CSFUXNDOLTY AL EEEEEZITo ELIA. OFE
44,000 DN Rio 7o 5 7—EiEtEddH 2 BDUHEIC R > 7= (Fig4-2laned) o
XDy FBE—IZRBET, BRZ2ED= (Fig4-2lane3) o TD/X
KD N EKEREH ZHERE L L Z % GEQNTIR &\ 5 pro EFID N KEREH] H3He
AHENE. 2D &5, Tk-subtilisin ZiEEEICR>7=D5B S, pro BHDY]
BhfTbhizbokLEZ 5h 5, Tk-subtilisin % 11 OEEEEDP K 17mg 1§
5Nz :

4-3-4 HECER BT

SDS-PAGE D#EDILEHBEINZHFEL, 7 I/ BEIN»L FHINE S
F& (41,387) BEFIEL . BBLZOAFENZOHETH I LHETE %,
FWVAEHS LABHEMABED SHE LD TFEIIBXLZ. 40,000 THoEI D
5. Tk-subtilisin IFHEARL UTEELTWAEIRINE. Figd-3 & Tk-
subtilisin DEHE CD AZ M)V % subtilisin E DHDEHLELTWB D, W
FiZiX210nm DRI EEE 2BV BB I N7z o Tk-subtilisin DI 220nm
TDOIX-9,000 TZIH5, WERIEZHWT 208nm TiX O H-11,000 XTH
ETW3, LD L. subtilisin E @ 208nm @ O 1%-8,500 T 220nm DZFh& (-
9.000) HELEDLLRWV, ZOFRIE. MED 2 WEBEDEVWZEZHLDLLT
W3EEZ %
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Fig4-2  Tk-subtilisin @ SDS-PAGE IZ & 2 fliE#E Kk EEMR

Samples were subjected to electrophoresis on a 12% polyacrylamide gel in the presence of SDS. After
electrophoresis, the gel was stained with Coomassie Brilliant Blue (lanes 1-3) or stained for protease
activity (lane 4). Lane 1, low molecular weight marker kit (Pharmacia Biotech) containing phosphorylase
b, bovine serum albumin, ovalbumin, carbonic anhydrase, trypsin inhibitor, and ¢ -lactalbumin; lanes 2
and 4, refolded proteins of insoluble fractions obtained from E.coli BL21-codonPlus(DE3) harboring
plasmid pET25b-T%-subtilisin upon sonication lysis; lane 3, purified 7k-subtilisin. The molecular weight
of each standard protein is indicated along the gel.

o,
o
-5000
-10000
i I e 1 i
200 220 240 260

Wavelength (nm)

Fig. 4-3 Tk-subtilisin & subtilisin E D FRMEIK CD 27 ML D8
The far-UV CD spectrum of Tk-subtilisin (solid line) is shown in comparison with that of subtilisin E
(broken line). These spectra were measured at 20°C. The mean residue ellipticity, [ & ], with units of deg
cm’ dmol™, was calculated using an average amino acid molecular weight of 110.
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4-3-5 BERIEM

YEME PR 121 N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide (AAPF) % AW\ 7z,
subtilisin & —#EHIIZ Ca? A Z > BIEMICHETH 5 (105) o # Z T, Tk-subtilisin
DEREA A > Bk % MgCl,, ZnCl,, CoCl,, FeCl,, CuCl,, MnCl,, NiCl,, StCl,, $
L8 BaCl, ICDWTdH TR LD L. Tk-subtilisin iZZhS5DEEAF D
EEATEDTIREE LRI 2P o= Tksubtilisin & Ca® 1 A4 > B SmM
OBECELEWEEZR L. ImM $ L<IE 100mM Ca” (1 A > HEHETTD Tk-
subtilisin OIEMEIZBRAMED 70%D 80% TdH D=0 F /=, Tk-subtilisin DIEEE
BEEZRBLUEER. Figd4 ICRT XS pH 95, 80°CHEHETH oo
subtilisin E ORIGEHEIEEZ 60-65°CTdH 55 5. Tk-subtilisin iF# 200CEER
EFEEWV,

100 100 4
. | @ b
X g0 », 80
2 2
= >
S 604 Z 604
(1] [ %]
o ©
= 404 £ 40-
© =
o [
20 4 o 204
U T T I 3 1 U T 1 ]
6§ 7 8 9 10 11 12 13 20 40 60 80 100
pH Temperature (°¢)

Fig.4-4 Tk-subtilisin DEERFHE
(a) Effect of pH on the activity of T%-subtilisin toward the synthetic substrate AAPF. The enzymatic
activity was determined at 80°C in 50 mM Tris-HCI (pH 7.0-9.0) (O) or 50 mM CAPS-NaOH (pH 9.0-

12.0) ((D) in the presence of 5 mM CaCl,. The activity relative to that determined at pH 9.5 is shown as a

function of pH. (b) Effect of temperature on the activity of Tk-subtilisin toward AAPF. The enzymatic
activity was determined in 50 mM CAPS-NaOH (pH 9.5) contamning 5 mM CaCl, at the temperatures
indicated. The activity relative to that determined at 80°C is shown as a function of temperature.

subtilisin DEIWIERTIX—ARIC. EEOD P1 B 7 I VBRABRICEEZL DD
DD, ZORHEBIZELVWEIHISNTWS (106) o AAPF, N-succinyl-Ala-
Ala-Pro-Leu-p-nitroanilide =~ (AAPL),  N-succinyl-Ala-Ala-Pro-Asp-p-nitroanilide
(AAPD) iZZFhZh, Pl BBALO7 IV BEAEIED, BUKMETREWN, BAKIETH
ZEORHMEELTVWSAHEBRTH S, Thb5ZANWT. Tk-subtilisin D7
R RS subtilisinE DZNEBBEDPITHB L (Tabled-1) o
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WIhd AAPF ZHEE L LTHWEBAITROEENE . AAPL 2N
X, AAPD oW T AEMHIEERICEI o= TORER. Tk-subtilisin OEE
BEMIIMO subtilisin LU TNWBEDDHD o=, Tk-subtilisin DEBEERHTD
HiEMET subtilisin E @ 30% T& 27,

4-3-6 YIEERT QR R Y

Tk-subtilisin OEBEYIRTRAIOREEMEZFTFRD = DI, BL insulin A HE B
SEDUIMERZE I 2o/ Tk-subtilisin & 80°C. 30 FDORIEHETHS
NEUEWEOBEE2AW LT, TOUMEMZRE L L I 5 Tyr, Phe, Ley,
Gln, His, Thr, Ser, Ala 2 ¥, SR 7 I VBREED C KIETUHINTWEE
Do o7 (Figd-5) o > T, Tk-subtilisin i, 1D subtilase & [FIfx (107) .
Pl BTICBUKEBREDH 2EB2FOLH. HEREOERWEEREEZRTI L
DSBS DT o =0

4-3-7 #HETEM

Ca¥ A AL IFERICHEREITTEL subtilase DEEHICHIFS T 5. Tk-
subtilisin & 7=, 50mM CaCl, BE T CEEMLTIEDPHEIZINTNS, &5
IZ 50mM CaCl,. 20mM Tris-HCl (pH9.0) O Tk-subtilisin ¥ (42ug/ml) % H
WT. BEMIZHT 3% 80°C. 90°C. 100°CTHER L =o HBEERY TV
. BEREELERIC. KETHHIL, AAPF ICH T 2REEEE 80°CTHIE
Lizo ZDFER. Tk-subtilisin DEBESM TOFEM EFHAL 80 T>60 73, 90°C
T 20 4. 100°CT 72 TdH->F (Figd-6) o TNITH U, subtilisin E DA
X 60°CTH 1S DRRETH D LD 5, Tksubtilisin DEAZEHEDEN T & HE
Zbo

Fig.4-6. Stability against heat inactivation.
100

Semilog plots of the remaining activity
versus the incubation time are shown. Tk-
subtilisin was incubated in 20 mM Tris-HCl
(pH 9.0) containing 50 mM CaCl, at the

concentration of 42 ug/ml at 80°C (@), 90°C

(O), or 100°C (). Aliquots of each sample

were withdrawn at the times indicated and
the enzymatic activity was determined at
80°C using AAPF as a substrate. The line
was obtained by linear regression of the data.

10

Rernaining activity (%)

0O 10 20 30 40 50
Incubation time (min)
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4-4 EE
4-4-1 BIFHLEFEE HE Subtilase IZ DWW T
FEIFABR B RO Subtilase & UTIE 2 EDELET %o 1 DI Tk-subtilisin
=X NS Subtilisin family DNV —T7T, &5V &Did pyrolisin ITES
N3 Pyrolysin family IZJB 3 %o Tk-subtilisin & pyrolysin DEE KX A > D7
3 BBEHIT BRI B — DS E VDS, Tk-subtilisin & pyrolisin X 2&KEF| D
EXDBKRE{ RS, pyrolisin & 1249 BEDP SR D, HEERAL COABRIC
AERBADPELELTBD., 5T, N CHRIGL ICEFPHERL TNV S,
T DX S subtilase IFMMDOBHFHABERICHIERBNICEFETSDTHSS

Py ) L EEBABRESNEBEFARIIRIRE Aderopyrum pernix,
Archaeoglobus  fulgidus, Methanobacterium thermoautotrophicum, Methanococcus
Jjannaschii, Pyrococcus horikoshii, Thermoplasma acidophilum 1\~ DT, subtilase %
TJ—RLUTWBEBEFEELELZ A, A pernix IZDH subtilase DEEFH
ROoPok. COBGFPLFAINIZEERFAL L O7 IV BEINEL Tk-
subtilisin & 59%. BPN’ & 43%,. pyrolisin DG R A A > & 36% DE—14%%
ELTWEELL, COFEBGFHI—FLTWRELEIBENWE Subtilisin
family D—BTHD L EX %, BFHAKFEEY / LHICH 2HAEOENES
X, SEORRTIRIZLEBEIRTLE>TVWE Y, SEROBERPS. Tk
subtilisin & U < iZ pyrolisin DFE DOV IZ@BIFAGERERER EICEBHIICH
ELTWB DI TIEVWEDPRI N 48R E L Crenarchaeota & Euriarchaeota.
Korarchaeota IobHiF 5N % (64) o P. aerophilum. A. pernix 13X Crenarchaeota T
T. kodakaraensis KOD1 & Euryarchaeota ICB 3 %, ThZND. BRB 7 )V—
7D subtilase ZFHDI LS5, MREDOEH L Subtilase DIEIRICHEIBIRIL
BNLER Do

4-42 HEBEFAOL. CaHoEAL

Subtilase IZEE®D 5 DD 7 I JBEE P4, P3. P2, P1, P'iCX L. Zh%2
N. S4. S3. S2. SI. SI” W\ 5 DDEBHABMEELTWS (105) o
EBOHEMIZ ST 5 S4 U4 P EBLOHBEMEAICL>TRE>TWVS
(108) . ZEZE. Subtilisin family & Thermitase family DEEZFRIE S4 & S1 D5 BR
KEDKRERRT Y b THBEH, HEELTP4 & PLICFHFBEDORERT I
JBBREDPEREY IV BBREFZREOEERHEY. BhEEREUIL V.
HEBIZP1 D CEKETHMMEINZIEDLS, S1IZOVWTOMELPRDIRIEAT
W5, subtilisinE iZBWT S1 Y4 M2 DOMEE (Ser'”-Gly'” & Ala'?-Gly'™)
YEESA (Val'®-Pro'®) 5 TETWD, Tk-subtilisin IZFWVWTH, Thb
DOREO7I VBEBREIFRESINTVWEENS, Tk-subtilisin O S1 AL HKE
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BRBUKBET Y N THIEDPFREIN B, 512, subtilisin E ZBNWTEEHD
FRENTWVWS Glu™ (109) & 7= Tk-subtilisin BV THHREINT NS, =
D Glu DEBD Pl LETE20DIC. Pl ICBEREDNH ZBREISBLRNE
WD oTWB, Tk-subtilisin T AAPD DBAETERP>EDEIDEZDTH
ZYEZ23, ZDLDIZ. Tk-subtilisin & subtilisin E OEBERFEEDEMUI.
HEEESLA Pl OBEMMEICLIZEEZX S,
Tk-subtilisin I& Ca* 4 & > DSEHICHAETH S 5. BPN’ (110) % Carlseberg

(90) ODERREEBIFDPD Cal & Ca2 LW D C¥EESTALGHLPIITIT
W3.Ca* M A2 D FEET B Cal Y1 MiX GIn’& Asp* & Ca® embracing loop
(Asn”-Val'') O7 I VBEREICIDERIN TS, Tk-subtilisin EBNTH
Ser® INDT I VBRI DEETCHREINTWS, $i2. EBREBEMEDEN
Ca2 (Lys™-Val'* & Glu'*-Asp'”) 4D 7 I/ BESd Tk-subtilisin THRES
NTW3, CNODER»S., /X7 F ) 7D subtilisin 123 % Cal & Ca2 i Tk-
subtilisin CHBFELELTNBLEZ SN %,

4-43CD A7 bV

Tk-subtilisin IZIEFICERITH U TEER subtilisin THBEWNWZ D, MFDH
REBEDEVNE D ES T, HFZRET 57T Tk-subtilisin & subtilisin E D
BELBETo . MBEROEHEFEHTO CD AT MrE&gLEZL I3,
Fig4-3 DX 53 REVWDENEZ. Zhid. Tk-subtilisin & subtilisin E ORICIEZ
KEELDBWSH B LERLT WS, Tk-subtilisin DWEHEREERICIL, Jk
2B pro BEFIDH B L WD Z L OMIC, —RES EIT subtilisin E ZIX7R W
BABSD 2 SAEELTWBZ 0 >T Wb, pro EEFIZE W Tk-
subtilisin ZREIET CD AT PV EBEIELTH. ZDEEI Figa-3 D Tk-
subtilisin DFEEDL LRI - EZ &L, JORENRERE 2 DOEALR
Tz B2HDTHBLELZOLND, 2 RBEDENWDMEMEICH S DPOREER
EZTW3LT3E, Ih5DEARFNDPHEBCICEERDOELENZ %,

4-4-4 BMEEN

40°C (111, 112) &5 115°C (113) ORAREEEBBREDOEY P S subtilase
DEEHXh, BEINTVW3, CThDBEDOHEMEREHAEOEEREN
EMOMBEREHELPICTIDICRIDERBDNS, U L. THEME subtilase
X327 7)) PHED subtilase 12K 5RBERERBAREFDPISENTNED,
KBEFIBHEELTWEDTIEIEDIEZL, EREKVWOPRRTH S, TDX
5 REFIOBACHEOLZEHICBIT AR ZHELPICTIENEET. I
EOBHRELICREEZZNUNORS TOBELBRDIPOLERTI2BIIEE
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Bk TdH Do Tk-subtilisin & F7=/37F U 7O subtilisin £ FER3 & FHAES
%2 OF->T 5 (Gly™Asp'® & Ala**-Gly’™) (Fig4-1) o Tk-subtilisin A5/%
75 1) 7D subtilase & HBOIHEBEEZRT >TWBE LT L. ZOBARIIK
A FEHED hD-helix & ed-strand DD H — > K. hF-helix & hG-helix DED
Y—YIZEELTWA, Zhb DNV —7idiEtEdul & 3R A D ELBEIE W BB
BUHEELTEY, SHIEZENSRBTFACHEELTWVWEREDIGP>TVNS,
?}’LB@T@)\Eﬂﬁ'ﬂi%*ﬂﬁﬁglﬁEﬁ?%@fﬁﬁbf?ﬁﬁ% FELTWBE
Zz26h05,

% 7=, Tk-subtilisin Tk 50 ZEH & 65 BEHIC Cys BPEELTWB. NIFT Y
7O subtilisin Tl Cys®iZ Ser (Ser®) ICBHINTB Y Cys®lFREL TV S,
Z iz, disulfide EADPTHEENDZ LITE D Tk-subtilisin O E L
TWBHREME S BETER N,

4-4-5 T kodakaraensis KOD1 H¥ 705 7—+€

TNTTOREDLS. T kodakaraensis KOD1 DIgE FHEIC 35kDa, 44kDa,
67kDa DHFEDTOF 7P—E¥DBEETEIENFP>TNS (19) o 2D355
44kDa O 7057 —LXIE SDS-PAGE D> > 7))V RIZETRE XN thiole
protease ¥ LCHEHEZNE (19) o« TOERD N EKiEFIE VEIXNI TEESR
1% 110°C. pH7 TH o o HE> T AL 2T T NI Tk-subtilisin L IZER D,
L L. HFEEEZ 3L Tk-subtilisin & F /=, 44kDa (I ICH TV % ] gelE
T hih, £, Tk-subtilisin DHUKIZ X B wesetrn blot BTENE. X
SRARBEIZ BT B Tk-subtilisin OEEDPELDPICRB7ES D,

4-4-6 pro BEFIDEH

subtilisin @ pro BEFIE—RIZAF> + RO e LTDHRS T, EERAA
YOI D BHEIEL LT 325D molecular imprinting DR L L LTEII L
BREBINTWS, (114, 115) - BHE. D proBHIZIH D EFNZDBHIZE
SRS LMD AF L BANICKREZ NS (105) o pro BFIHZ subtilisin
DEMZHET2EH»S. ZOEFIOREBIFEEROEMSE FA A L OBRICL
BTHD (105) o EEL. ZOEFNITEE RAS VITHEELTWRLITSH,
RO ViEEEELTNS (116) o

KEZEIC BT, Tk-subtilisin I& pro-ECHID X X ?ﬁﬁ%ﬁ?’%%b"r\éh
7= o Tk-subtilisin & SEH¥E subtilisin D7 I JBEH &, BERASL L pro
BFISEIRIC AT THEBT B &, {EEF AL Tk 483%0 5 45%DE—EZ2F L
TWBDIZH U, pro BEEFIDE—HiZ 23%D5 5 29% L {EVVe & 51T, Tk-subtilisin
O pro EEFID C K LIEE KA A 2D N REHORHICIE 13 BEDFE ARSI b7
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ELTWB, ZDRA—MDEX D Tk-subtilisin IZHBWT pro EFIDFRES LR
WEOBEEOHEEB X R>TW5h, pro BF 2= 22\ Tk-subtilisin (3352 F=
NS L 6. Tk-subtilisin IZBWTIX pro BLFIDVEMICHETH D EEX %o
pro EFIDE S F 25D > TRV, Tk-subtilisin OEM FiEEcH B
Y5, pro EiHiE. Tk-subtilisin OIEME KA A > Z2iEIERIC EHTH1RENER
ELTWB LEZLBND, [EBTOEEHSFN &5 Tk-subtilisin O pro &
Fjid. BIFAREREICELNAMEAD LS REBCERLTWEDPB LN
e &6, Tk-subtilisin O AEIFI & pro B3l % subtilisin B & RFHIIZ AN
£ 7 T2 DM 2175 2 & T, Tk-subtilisin OELEEDES PIZSh
BEA5

7% 5 1) 7 i3k subtilisin (subtilisin E, BPN’, carlesberg) &\ Z DRSS OHEEE
HEHFEINTED. Tksubtilisin IXZH5DBEELEWN (K 45%) HEIKE
ERTDT. Tk-subtilisin & 2N 5DIS7F ) PHEK subtilisin Z27ET B>
Z2F L., HAEBREOMBCEEZBITT AV AT AL LTRERYTH D
rEZLNB. " .
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wiE

BEOBEIEBESFREDUKEE L > TEAHINTED. 208
ELUMEOHEZ2EMETZ I LD, BEHERED 2 VWIEEGRFORGETH
%o ZDEHITIZ, BEOBELHEZLERT I LIEYNRFERTH 5D,
BN S OBEE 2 ERICEE URRKICER L =FIZ 2000, Zhid. E
LT, COXSIRBIFICHELEY AT LD, 2. ZEZJEBEINT
WRWEDHZLICLB LB, BIFHRE T kodakaraensis KOD1 DA
THRERIWIAMEDNEL, . FREERLOMHEEIEZDPVWEDHH ST
Lo, Fhbid,. MEMICET2EE L EEDHRICELEMETHD LS
265, EBIZ. INSZHE->TENRIEBARDTZ SO, . D
HECIZEOL ROt dsH 2002, BEFHRIBFEE Thermococcus
kodakaraensis KOD1 HEDEBERED> b, BEREEEBRLOEBHMECELTWS
Y BB glycerol kinase & subtilisin %! Ser protease ZHFl& LTHIKRZIT-
7o

81 BTIXABFEEIRE Thermococcus kodakaraensis KOD1 D7) 1o —)v
¥+ —+¥ (GK) 22— KT 3 ThglpKk BT/ 00—V TRURBEAT
DRRET> . ZDREFOREEF DS FATNZEAER (TK-GK) D7
I BESIZ. KBEHB¥ GK & ST%0OE—MHERLE. Tk-GK ZXBEED
LYEBIL. ZORMDOBERNET oL T A, Tk-GK L XBEH® GK IEZD
7IBEFIOBRVWE—HICHEDLS T BE LI TR ETNFEHNREN
BARLNE. BENLRMEETIE. €/ A 0EXME. HETHEXI/7VTF
K3 UVBOEREDSEc-GK D DEIFRR>TWE. LBPLERBS, glycerol
ATP DZNZNDOEBEICH T 2 EERIERIE Ec-GK L REZRDP 072728,
Tk-GK DOAREH)2HEEIL Ec-GK LEMUTH B L EX S, =EL. Tk-GK D
RISEBEREX 85°CT. 100°C 30 S DOIIFABDEEELED 50% HBI &5,
Ec-GK L HART. ZFOHREZEHZIBDOTCEVWERTH LI LPPELDPIIR 2T,
ZZT. Tk-GK DIMBHEEETT IV EBEL Ec-GK DS RIS
A.Tk-GK CBWTEDFERDA AL X7 HEBRINTNWS Z LHTRRE N,
Tk-GK ZRELLTWB I BRBINE,

EOBTIIE 1 ETCRDDPo Tk-GK IRHERRA 7% site-directed
mutagenesis 12 &> T Ec-GK ICBA LT, ZOHRZEMNDREFENT Lo RE
BIZXoTA AU RTEEALLE 16 BEOER Ec-GK #HEL. AUEROD
BEEEPHERD Ec-GK LB LD, RENICRELLEERBREIES
nd. ZOERBERI DB FLEMLLTUE oo Thrl196 & Asn480 K
BEEIZE EcGK iX. ZhZh. bTHPIRELIPRDOhE. CThHEDER
OMRE L VEEICT 2201 2 EEREER Ec-T196K/N480D ZBEL. D
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BREEHEOBEZITo 72, BEMNARGFEEDOETAHEEEIN Tk-GK P D
MOEEBREHRTHLNITNVEREEEEZ R L2, 20 2 EXERBERITI—
EXRBEOBELAOHMREEN LTI VBNWEELLDRZHFL THE DD
THoMN, 1| EXEROREHMREZRBT HRBERIIES NIz, Z
N, EREZEATAHIETELEZRBOMEERA %, Ec-GK 4 FNFAEL &
N0, TOBR. FRAOHEERNIIEEE OHFS. FAM2E—
a>OBICEFLIABRWEEZL TVWAD TRV ETFRIZND, SEBE
Lz, ZRIIVWTHD, DFOREEELTBD., TEBEICK> TIUAE
EFRBEITIEREBZIIIWN, LML, GK BRASME—a 2iTEoTH
ENKREESSTZDIZ, BEELLABAWHEERAN, BRIZEX->TAHAUTLE
SERIEEENE W, LENS T, HEX, Tk-GK OF 2 JBEFZSEIZLE
ELTH Ec-GK OMHEMEEZREIRZEREZT T AT BHIEFKREEHL W
ZEMBHSNTRS T,

% 3 B TI3 DNA shuffling OFEE4EMNL. Tk-GK & Ec-GK DT > ¥ LleF
ASBREEELE, BAERO Ec-GK XD BMEBMEOMELZF A SBEEEE
AL, 207 I /EBEFIZEEL T, Tk-GK OMBYLRF L4257 I ) BEF
DRIEZEIT-O /=, TO#RE. Tk-GK @ C KRFEBRICEZEEICESL TWBY
I BRENBEL TWATEENEGEVWI ENbho/z. GK OFBRIIHTE
HRELS, DFOELSEDBRENIENS, BELAEDESTERDOTTT >
NEL W, BEITREICHTIZIEREICLD., Bh5DNWTLK535D0THBEE
DE->TLEN, YAREEZMNETICEIERE S FREOCBEKRZEEICL
TULESENTEZSDT. BEHEMEENE. BEFBEHEEICET 5 RALTKS %
BEEETICAFOTHA N TELRTERRA TR I D AELLITEL S EZ
ANE D, ZEOHETIIEMICAERNEZZ T TRRAETERVWLDI REEL
T HUREENEZEFRERELDHBIENTER. MEEERTHEBIIONWT
3. TERZIERBEAERS X BEERITRENAKEEBEDONSN. LD
RiI. Tk-GK & Ec-GK X7 ELTHWS I AT LD BIFREEER O L
BEEZBITTHDIZKRE. BLEVATATHBIEEZRLTNVS,

%8 4 ETIX. glycerol kinase 2SI A TFLUNMIHDEBEERERT 2
MEEZZEICKY., HFREBROMBLEBEBEZBINTS5DICE LI AT A
ERBETHZENTENEDNZRHANBBEM T, T kodakaraensis KOD1 H¥ED
subtilisin ZUEEFE (Tk-subtilisin) BTN/ O—=2 7, HABIEREOREK.
Rl BERITICOWTIHEZITo 7.

Tk-subtilisin 13 Subtilisin family D—BT 422 7 X JBEREN 52D, ZD57
FEIZT 43,783 TH 3, pre BEFI. pro BlFl. EERAAL NSRS T ENTFH
NSz, FO, EINIMOFEMED Subtilase KD H/NT TV 7 HED subtilisin
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CRABITWE. LU, KESWEBETHD, £ BHTHESTHELS
WEETH-H D, ThETRABCEBRERZEB T2 LBEETH >/~
KIFETIE. /N7 5 U PHED subtilisin & BIHEIC Tk-subtilisin 2 KR EARN
TRRILZLHFAKLLTERTZH, Thz M ORZEFEE T THBIEL
Db, EHBEREABERI I L THEMRO subtilisin 2 KERET3Z
CHBTEE, INEHWT Tk-subtilisin DEEZBIT L= 23, &L, Tk-
subtilisin Ti& pro EFI 2R L= IEMEBREZERLTWEZ L, BEF
AL UHIZ 2 DOBAFRSIBELEL TWB I DR oz, F-HEERICIL,
Tk-subtilisin IZEFEE TH 5 N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide % Ca®*
A A EET TN L. ZORBE#EEME pHI.S, 80°CTH o/ /ST F )
7EH3E subtilisin & ERICBLVWEBEREEZRTDH, Pl BUICHEEKR7 I/
oY A XOXRERFEBET I VBEEZO OEEZRUNT3ED 5o
7o REEEIZINY TV PHED subtilisin EBLLBPITWB D, BLEICH T K
FHEZME AT, FEFEICEL. TOFEELFHIE 80°CT 60 4L E. 90°CT
20 43, 100°CT 7 B ThHo7o £l BELOKRESRFEHELT. NZFVT
A subtilisin IZIZE SN ABRWHERZEDBE L EBARFIBRELNATWEZ &
5. Ih5DEAERFIDHEAEICES L TWHEBEENIEZI NS,

pro Bg5lZ &=\ Tk-subtilisin XFEEZFERNZ &S, Tk-subtilisin 1T
BT pro BEFIDEHICHETH DL EZ Do proEFIOESIXZESDP-T
WARW S, Tk-subtilisin OFFEFLIIFNCH B Z LB 5. pro E2FI&. Tk-subtilisin
DIESE RAA L 2EMRIICERTIREZREZLTVWELEZIOND, KRT
DEEDTTNZ L5 Tk-subtilisin @D pro EFIE. BHAEBRICR SN D2
FRERD &5 REEICERLTWR DD LR, $1&, Tk-subtilisin DFEA
B5 & pro Bg5 2 subtilisin E & RFBIICANBE L TZDORMUBIFTZITO I LT,
Tk-subtilisin QDR ELEBEIHL BPICSNBEZES D,

ISZ 5 ) PHE subtilisin (subtilisin E. BPN’. carlesberg &) I&. Z D&
PHBEDN B SHIEXINTE Y. Tk-subtilisin I N5 DEEELEN (K 45%)
HEMEZ R T DT, Tk-subtilisin & 2N 5D F ) PHF subtilisin ZXF7 &
TEHEVRATLY, HABBROMEAMEELZBINT 2 AT LALE LTKREER
THdrEZI65N%,

MBEEMICESZD CEEBHEICRVWTIE. HBT 3NRBREOKBKEIE
BETHb, BEEANICEESEHULTWAE, EANICERIZIRCTH 5D, 2
ZEHICIITARENDDBIL. T EHLLTZOREMOEZTEICK
HTERAZL, RECHEEZBUS CTELILREBDBETH D, AHETHE >
7= Tk-GK & Tk-subtilisin TS DERHFIHE L EERTH o2 H5IC.GK &
M2 E8T2-002HE L UTERALINTEDY. ZOREMLD
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EFhTWBEETH 5. /=, subtilisin dEAL BRIMT. TAUE, K&
MIRESLOABTITCIMAINTED. ZORZELOFERAEEIREN,

EABHEICBVWTE. ZONEEBELEEOHBZHELDPICTSILIE
BEThd, LPL. BEHBOILKEECKEEL. EHEOBHERTH S 7
JBOEYOBED SOHEERREDPEHICVWDIES > TERIN TS,
ZhD, BHELEDS, HERMEDHE LWATHD., £/l HEHVWEIAT
bHD. BHTHLWERBLESDRER DL REBETMEL TV DR,
ZOEZDO—DOD THRIZEE] EWSZLTRRVWDPLEEZ TS, BARD
BRPCIEEVWELOBREZETCEDNTE R, ABZ2BAE7AT7HELE
ADFE>TVWB, NEOHEHPEAOEIPICE I TEHLILDTESDDH7
DPORVE, BHER2BLTHARRERLVWI ZLD—mEAMERTHIZ L
DTCERLEZI TS,
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ERRZETITHCHRED, BBERHIEEEZHD £ L KRERKFRFR
T#ANYE - ERT¥ER S0XR ERICEATRIHOEZRLET.

FHRZITITOHBZLT. SREEEELHEYZHBEZERREE LXK
RERFRIFMERDE - ENTFEER F/IEE BIER. FK B N
RERICEATHEILFL LT XY,

FHREICEL . BUOWER EARLTHBELZRNWE, RRAFRERTY
HRMCHEM TR =EMEBEE 2R, RRRERERIEHARYE - £a
TH¥HX EHHZ #F. KBRFRERTFHERER - EVLFER 5
FET 8. KRRFRFERTFHARICHEN IEER BAREER BHIEIER,
BEMET L. KIRRFRFREZERFER FHER BRIEBHBELE
EE

FRIEMAREZEZRITBIULRER K&, BAKEHR £E. MBEA &
£, PHEZE K& RBEAN EECRBORERT DL LBITFTROETERE
ZBHOHELET. k. FRAROERARE THLAEAERICEHKL X
EE

BEIC. DRCOEIRLBRETEMNEAERZBENW-BREMTEHEED
BERICLN OB NZLET,
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