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L. A RIBHTRELT Y , FH P 515 1435~ 38T — 3 BT 7~ I 2 R B8 7 1 4 % o

2. DNA, i ASUR) 22 5K 1 ik 1) A8 1Y BT AR L5 Il o

3 R BRI SR 2B R IDNA, 10,55 FE 51520 L 591 5 31 ~ 34 AT— & B s BB 7 371

4. RIB B , A BRI EER 2B FTR FIDNA .

5. EALANMG , IR T BUREL SR A FTIA 1 Sk s A 1 B A A

6. LW 4 il R 2L 540 A B BURI B2 oK | s (1) 98 73 704 B 4 A - i B0 BUR) 2 SR 5 i iR
EZERA ol e/

7. MR T 47 2 22 0 A6 5 3 KRR ) %, A 2 G R A 2 AR 0 R A U 2 3R
6 T (1) A= o 2 it F B 20L& WD AT AR I 25 B
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REBPHREEES LY R0 AEE S VAR FIETS A

B GE
[0001] A B9 KT ) BARTRE 7 I A0 5 A2 B AR T I 1) A2 o o it PR AL 54 S AN A A
EAIRIKAE AR T EF 4 21 AW T RO 3 TV

BREAR

[0002]  AF4EZRIBEALA P75 B K R &0 & /D BB S R E T 2 10N
[0003] TSGR JF 4 2= 4 Al 1K) 1 4 2 I8 K053 38, W93 o FH T4 4 2 1 45 o X Jk
(R AF 2 WK R AR 4E 2R 4 BE N S 26 AR F T B AR 75— =10 P9 U1 BRI » O 01X
BE A Y 22 B 52 BIVE AR D 2 — B A4k —BEBEL 0 53 7B 0 1 R 2 A FH T 7K T S B
LR YE R AR A L BT BRI K A RS PRI o 5 A 5 BT I8 A2 T 78 e MRS E A R
Pt Js Rk A I 8 &) R L TR B . A 4h, CURNAR 4 KRB DDA SRR B T A 4 =
A3 fif P A IR A 2 O R SR T R A S SRR T R, BT I R % KR P A FH AR 4 22 40
fige i A B AR 4 R A B DRt B ORIE IR S AR 4R R - R R R AR

[0004] A4 RAEEAREY ARARRHEYH RKESH, KK XY SRS AR
VYR S A gERZ VR BR T AR 0, A5 AR BT RN S A 4 2
MAFR AR CHHT EAEZNEMRT I SHIARR L HFERRN ST TFHE
W, DRI IHG AEASE FH SRV T 22 TR T8 1) 28 248 2R I 1T S A b R HE BRI B o R T BROR ek 7 A 1)
VST L2 R B I A 4 22 0 FEL AL 16 i 0 AR 58 4 1 B, 08 U AF 4 22 BB T A 5 25 171 49
filE A b e R 2 — (FE B RISCHERL)

[0005] i At il pH T M i s RO AE il 2% 120 T A A R OR SRV 12k, IR L i 92 T 4B
Y P 2 o BN T I AR PR A P Wl A1 G IV  BSORE VS AR TR BT B [ v S 2 A7 A
[0006] G- 4w i (¥ B—F Bl I8l , O 28 M EURRIE HA T BHE 18 AR TR Hh et , ELAR kb, A5
FUPLHABR T (Pyrococcus furiosus) 4R S #HERE (Pyrococcus horikoshii) WA #uHy
B (Thermotoga maritima).Z HEALMH T (Sulfolobus shibatae) FlEA iR AL
(sulfolobus solfataricus) 2 (Clostridium thermocel lum)ZE M) & E H
T IR BT R R R A T RIE T AR B (Clostridium thermocel lum)[#)B
HHE B TE BCRAR (FE B RISCR2) RIS T BB Bkt I8 (sulfolobus solfataricus) Al
SR ZUARIIRTE (Pyrococeus furiosus ) HIBHHE H B T A4 B 44 (IE % RISCIR3 L 3E L A S0k
4) AR EAT i 5 H DIRE R OC RA B

[0007]  IAELARSCHR

[0008] 4|k

[0009]  HHISCHERL : B R A FFE52005/093072'5 Ak

[0010]  HELHISCHR

[0011]  JEHHF|CHER1:Hetti P.Z%, Journal of Biotechnology,107,65-72(2004)

[0012] FEEFICHER2:Christian P.ZE Trichoderma and Gliocladium:Basic Biology,
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Taxonomy and Genetics.,vol.1,121-138(1998)
[0013]  FEEF| k3 :0hba H.ZE,Biosci.Biotech.Biochem.,59,1581-1583(1995)
[0014]  FEEF| k4 :Bauer MW.ZE,J.Biol.Chem. ,vol.271,39,23749-23755(1996)

LIRS

[0015] & BH v 2 fiff e i DR A

[0016] A B (1) 154 7E T $ 03t i F5 MO AR R 70 B A0 4 210 AR 0 R I 7K e v ) Bt P () B
HEEF o

[0017]  FH Tl e R ) 7 vk

[0018]  AREAFAR Tk HR SRR, /£ H A 755 L s & 5L 1 7 21 1 B 1 B AT B
HHF (CA R 7EAS UL BB rp BN “SEBEINE TR ) R e B N R R /EA R A HT)
REM O R T PR B SR AR B D HO RIS T R B MR TG - VRN, AR A AR IR T8
R = 4E S0, m i E A AR RS W e TS5 HARE I B SR 2L L,
TP Z RGP PRI N AR , AT R BB 3RS T AR TE B AR AL T 1R B B il
B o 1 LRI AT BT B R0 Fe 78 3 4 4 R I AE R I K BB DL S s T

[0019] RO, A& A LA AR

[0020]  [1 ] RUB ME G , HARAEAE T, 7095 B4R 2 W) 0 i B B30 S 1) S 2L IR 1Y
£, B A B R AR AR AR AL A8, 9 HL i R AP HI M R R A 5 5
A2 TR A bt [R) S T o 1 AR 4 R RS T

[0021]  [21HRHE[ 1 IR RAZ R BHTHE HRG , HA 57515 1 2 B 7 714490 % LA 1 7771
[ — PR R 7 71, 7214390 % DA E1 3 F1 A — PR 2R e Z e, S 5k B P 5 a1
(R IETR 7 5 (1) 58 3967 I A 2R S 16907 [ R A 2R S 1 TOAL RS 2R - 35 22067 HIAS &
P2\ BB 227 1 (1) T A IR RN 65 33067 1Y 75 2 I8 HH 1) 22 70 34N DA b 1) 2l B A 4 1) S R PR 1) 2R
[0022]  [3]MRHEL1]ER[2]R9 RS R BTG , B 5755 LI E B R 7 514790 % LA |
%1 72 B [F) — PR ) I R 7 51, #E1% 45 90 % LA B e FI A — PR &L R 77 b, B8 Hig E
TS 1 S L 8 7 B (1) 55 397 R 28 8 15 1 697 (1) K A IR 45 1 TO7 Kk Ul 55 22047
1)K SR B 2277 A T 20 I8 A0 5 3307 Y A 2R P 1) 22 /034N DA B Y UL R A 1 [ L 1
] LA A PR B 1) 2 R 1) B 4

[0023]  [41RIEL1I~[3IHFME— TR KRB BRI, B 6 577 5 1IN AR TP E
90 % LA L/ P3[R — PR R LR P B, 751% 90 % BL B R Pl A — M 2R 71,
T 5 F A5 IR E R 7 IR S 1 T4 FIRS 2R « 55 220407 IR 2 R AN 85 22707 I R L B AH 2
(1) 28 2 B 1) LA P A ) A R T

[0024]  [5]MRHE[3] T[4 119870 2 BT AR LT I, HL A b PR AT BE 1 20 R AN TRZUIR R TR &
P AT H B I

[0025]  [64R¥E[11~[5 1T TR R A MBI, B 6 5775 1IN AR FI A
90 % LA 1 P3[Rl — PR Z LR P 51, 751% 490 % BL 1 e Fil A — M &R R 7,
T 5 RS LR 7 55 LTORL ()RS Z B A A I B R i N = R B . 5771 5 1
(1) 2 L R T 3 1) 35 22007 [RGB AH >4 1 2024 R R0 TR R 1) B 4 R0 5 17 9 5 L I S B 1R 7
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TR B 22747 R BE A BRAH 1 (W 2 LR 1 R TR AR ) B e

[0026]  [7]MR4E[1]1~[6 1M T — i o8 AR U BT A HF 8, 03 P 91 5 LA R I AL IR P
1P

[0027]  [8IRHEL11~[7IHME— BRI R RBHIFE R, - — DB & H5EA P S 1A
FEPR 7 HUI B 44007 1) 52 2018 SR A48AL I AS 21 5544967 M 75 21K 5545907 [ B AR T 1Y)
IANRL B S R AR A ) 2 BRI R A

[0028]  [9AR¥H[81M AP MG, B &k 0 5955 1IN A R 7 51 5544841 1)
R A 24 B R L R ) 2L AT b P D R PR VB R R R O B e 5 R S LR R R P
T S A4 A SR AH 21 (1) 2 S 2 1) B A wp P A B B0l P ) 1) S 2 R 1 S 4 R 5 )7 77
SRR R 7 I 5545907 1) 4 Z R A 2 1 U S R 1) L A7 v P () ok P A 1) 0 2 1R
BB BB R,

[0029]  [10 MR #5818 911 S AF T BRI EF I , B0 & 77 515 35~ 38T — & A m I & 2t
B2IT 51

[0030]  [11]DNA,Zmh5[ 11~ [10 I/ AT — T 1) 58 A 7 B B 11

[0031]  [12]MRHE[1LIAIDNA, A 751520 7515 31 ~ 34K T — 3 BT s I3 7 51
[0032]  [13]FRiAEM, A &1 I8 12]1IDNA,

[0033]  [14]%AkZufu , Jdd 5 A 7 (13 11 RIS BRI S A il 1 o

[0034]  [15]4W o il B &40, A5 11 1~ [ 10 JHAT— BTy 58 A% 2 A pl ke [ 14 ]
s E&A oliopse LY/

[0035]  [16] M RYR T 4F 4 2 1K A= 0 o s B VR I o v, & 1 S e = 10 AR W o i
(15T AEW 5 4 i IR S P BEAT K BRI D 3R

[0036] A< i B 55 A A HH A B AR S BUE Rk ) H AL R H 5201 1-155792°5 ) Ui B 13
A1/ B B BT ie AR N 2

[0037] R EHE)RR

[0038]  ARAEA K I, ] LAFRMLAE S 4F 4 2 (0 A0 AT AE T (R R v ME A R T 1
BT AR T BT Y o A R I (1) B W 7 i DI 70 R FH 5 S 448 25 10 A 00 o 1) A AR PR R R 1)
il A A

k1 &) 15 BA

(00391 [&] 1 5 7 o BRI R T I P o A 435 ) 20 BT 1 465 SR B 19 281 140 1 BT AR B 40 v TR
[0040] & 22 S BART AR R (10 IV JEA-B 2 [ (1) AH TLAE B BB [ 3 R i pRAs Y

[0041] P 37& BN AN S N T 25 Fh 9 A% 1 B AT M 1) ) W €2 A A% PR PAGE 1 HEL ik
T

[0042] ] 4 A& AR TR BT ARE  THEE T o 420 485 1) 43 BT 1) 485 B T 4 20 16 9 A 0 BT AR 7 B 1 7 IR
FEAY

[0043]  [&]5e S BAITAR 7R 198 A5 0 BARTARE 7 I 0 R A ik D6 1) 4 200 e ) 45 3R

BRI
(00441 AR, PEAH WA, (A A I ANRR TiX 28
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[0045]  (1)PBHIHH LG

[0046]  FEAA B v, “BARTARE HF G A2 45 M AR B B SR P 7K A e L ) 1t o B 1 I LA
2R Yk MR 7 S VE R ORI o 25 4R TR o RS PR DU E T RA AN TR BEAT - 0 I AEVE S T
50mM 2 12— £ TR AN GZ PR (pHAELS . ) v B 21 2 — W ) JER VA VL P 4 ISR, 7E:30~85"C [ BE
3073 B S B, MR 95 75 AT pHEL A8 A i d Lb S R, 8% i 8 FH i 6 4 v &) &, 8 B
R () A IR JE AR N BRI PR R, W N U B TECSW 5 :EC3. 2. L. 2L A 0 R 2R
TSRB LR 4~ A R TS 6 5 7 AR 0 o B BRI o

(00471 (2)>%BHIHE 1

[0048]  ZEAUL B 45 b , SR BATHE E G /2 18 BAT 2 915 LI s i R R e 91 ) BT AR HF I 2
SRR YE T S TR o AE A UL A IR SRR T 1080y B A AL
“ORBAHIRE T RG” ANCH A A D B ] B A

(00491 2% B W 7 I8 SR U T 5 B AR FAV IR AT PO g o 2t AR A BR TR /2 BABO-110°C Oy i A=
KA PRI 4 20 AR I AR, SR ZUR IR TR R BB R ATy A 4 3 2 &
= ZHESE SRR A

[0050]  SEBAIAH 11 & FHKengens (Bur. J.Biochem. 213,305-312, 19934F ) &t 56 7 B 4li4k
(Y IE o AR 45 AR SCHR WS 7 5% B W Bl DA ZE 7KV R Hh 1) 3 & O 4230 kDa i [A] AL 4 3R A4 A7
FE o G3ah, W7 T AT LA SDSEE 3 M PR IR 124 5844 , % FRAK L)y 58kDa . BT , 1L 8RB
HEE R BOE pHIE 5 . 0, S5 L 5 4 . 4, Bl MR E D9 102-105°C o 315 LT s ) 55 B
BRI R LR 752 T i Voorhorst%5 (J . Bacteriol . 177,24 ,7105-7111, 19954 ) %
& BV BHEIR Y51 A0 B8R T X R R R 7 B Ho 12 9 454kDa(54 . 58kDa) o

[0051]  (3)A B ) 5% A2 A B AT A 1 iy

[0052] 2% B (1% 9% 74 2R BT AR I (1) AR AIE AE T, 76 KA VR R £ BT R Tl PR AR 2 [R) TR B
FEE S R R IR 1A B FAT BRI I 1) A ZRARTE AR B AL

[0053] 7% B i) R A% Y BT AR HF B ) R AR AE T, AE KV, A5 1 S B 0 7 il A Sl T
JS PR 4 SRR AH BG4 AR A B A SRARAFAE o O RN SE BRI H B AE )y — G451 2 54kDa , HAE
TSI B e g AR A N 7 F & 200kDa bl ¥ 23 F 1MV fif# (Bauer MW. 45,
“Comparison of a B-glucosidase and aB-mannosidase from the hypertherrmophilic
archaeon Pyrococcus furiosus”J.Biol.Chem.,vol.271,39,23749-23755(1996)).
(00541 2R W] (1% 2R A 7Y BT AR B AE 7K VR TR AN AR 8 R AZRAA , AT L BRZK IS TR TP G 93
T E/NT200kDasR BN o HARHE , il i M AR MEPAGER) AN+ &, & LU T
160kDa ] 73 E 4 A t o AR T 4ARAR AT E AL, AT LA {3 FHBR AE A2 PEPAGE L AN T2
(A RE R D 3 B B B Lo 3 W 55 ) 5 B 0o BT W Y I8l 55 A i T P SR A R B e Y Bl £ 7K
VIR P EIAT SR BN, B, T DL IS 5 K VAR SR BRI R 0 2 EAHEL A KBTI B
IR HRE B2 B/ R TIA

[0055] i Tk St A5 o TR IR B IS4 , A i B 3 AT e A 5 A 0 B, BH A I A2 SR BT
Bt A AR R P 1 B 3 5 LS B 18 7 3 b 5 BB 394 48 2R (BA R 1B 300 “61u39”)
F169LI AT R A AR (LA T iC 8N “Asp169” ) VS L TORL HAE &R (LA B8N “Arg1707 ) 56
2207 RS 20 (LA R IR 80N “Arg2207 ) VS5 22747 I R 2 B8 (LA R0 #08 “Try 2277) fIE5330
B4y 2 (LA R R 308 “G1u330” ) 5 2% BT T Bl AE 7K VAR HH B ASRARE Ay 2 o R, 450

6
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T IX G R A 5 A SR R R R SRR AR KA R P T R BB T8, AR L
5 FUAH G I IR o AN B v ] BRITAREEF I8 5 N 2 R R R 1) B R AE T I A IR 5 45 A 1
TE R IS ) 2 B e ) B B B 1 B, FL 5 SRS 7 AV 1) B R A B 1 4 SR AR S5 i AN AR 8
ko

[0056] A B HH [A) B AR T T F) 2 TR % A48 0,5 5 B i R 7 0 1000 A VA R P ) 4 SR AR TR J A
RV FEIR ) B/ Bk .

[0057]  fILide A BH I A8 BB I 1 B B A 5 21 5 LI 2 B R T 814590 %6 .95 %6 .99 %
1= N S 5 7 i Rt B o | PR SN e S s 1 i e R Y e s IR O e Br A = D
51 AL FEHIIG1u39.Aspl69 . Argl170.Arg220. Tyr227 FIG1u3 30/ Z LR K & /D34
DA 1 B TR R >4 1 2 R ) LA o PR AT 1 2 B PR ) B e

[0058]  “5 %5 1 SRR FIIH90%.95% .99% 8% H UL F (K 530 A — R 2 R 5 7
T 2 DREF P9 5 LI 2 B2 R 7 51 P P B AT A i D 12k

[0059] X “FHYMREER &I LR 7 5 [E— MR 2R T 71 5P 55 1 A
R 7 B 1 SEAR S M AT LR G O, 72 L IR E P PIE — M & Ry o, A T 517
TS 1 2 R P51 K6 1u39.Aspl169 . Arg170 . Arg220 . Tyr227 FIG1u330 [ ALK A7 B , 58
HREETRE I KA P I AR AR TR B R Z AL R » “FH Y I R AL R I R R B P2 mT DL 5 7
B S 1A IEFR T G 1u39  Aspl169.Argl1 70 . Arg220 . Tyr227 MG 1u33043 H AHIH

[0060] gt — PPNk A K B I RAZ R BRI BE H I A5 725 LI LR T H90% .
95% .99 % B H LA B PR A Rl — PR 2B IR P 81, fE1% A P A — PR B R e 7, A
TERIS I AR 75 Areg 170 Arg220 M Tyr227 ¥ 2 5 B8 AH 24 11 2 18 1) 2 AT v
B 1) = S R ) A o

[0061] {4 “HA T VB R EBR™ , AT F1 25 H 28 R 2 W i« 75 2 i 22 2018 L 75
G B2 IR I IR T &R S IR e AR s e e AR =R R T &R I R 2
AR Mk “BA R YR RE I LR TR R R T A R A H 2 IR e

[0062] G ik S it 9 A B VIR B IR , AR R B A i AR S5 A A W R TE 4R T, AE SR B A
WEF R, 7 205 LT s B R R 7 20 1 Arg L 705 7E K P R T A S A4 () o Ath 4 355 0%
WEF B PAAR T [ Arg 1 TOTE B R B Bl B 8 o B, 3l X Arg 1 703 NRAS, i] DL R 3R 5
ARARTE AR I A BB 8 53 A, 20 sk St 491 o P () IR, A R BH 2 A1 1 s
SRR BR T AL, KA TR Arg220 5 T A S AR V) HoAth B AR FR 1) 5544
LR HZR (Gly44) TE AR s F391 , Tyr227 S5 alid T A4 1 oA B 44 vh 1) 565 165457 1 45 =R
(Lys165)JE a5k B0, 72 77 71 5 LB s 2 2R 7 B0 L B 1 Arg 1702 41, AT DLIE G 4
Arg220F1Tyr227 5 N AR, KA RO IIR 5 AT AT Bl 20 1 S B2 BE 8, M i il AfSEZK
TEW BT B 4R AR S AT B AL

[0063]  PA L fLife A% R B I R AR R BRI R A 5 7 91 5 LI 20 22 B 7 511490 % .95 %
99% B H DL R FA R — PR S B A %A e A R — PR 2 R T L A8 5
P51 R IR T P Arg L TOAH >4 1) 2 B 12 7] T 2 BRI B ¥ . 5 Arg 220 AH 4 1) S B 1R 141 A
AR B A5 Tyr227HH 4 2 L 58 7] OR T2 TR I B e o

[0064] K5 P A% B 1) AR AT S H R A0 255 17 21 5 L AP s I 2 2 R P 1

[0065] A BH (1) 5% A TR B Wl I R EE R B OR FF AR 4 — i o v YR mT , B 5571 5 1

7
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(KR T 5190 % .95 % .99 % B H DA b1 751 R — M 2 LR 7 51, 72 % A 7 F1 A —
PR AT I H B T 5F7 5 IR R T 516 1u39.Asp169 . Arg170 . Arg220 . Tyr227
MGLu330FH M A IR LA A B W] LR — AN EZ N AEBR R AL X E 24 2 iR2
~10 LI 2~5A E— P Lk 2~ 34, “GUIE IR R AR A, B S IR 1) B 4 L BRI (AR A/
BN 0

[0066] A BH (1) 5 AR A BAT Bl I -5 S BRI EF B AHLL , Won7E S A 4 X AW FAFAE T
(1) BT R IS T 2 i X R OO R T P S P o o HE S 1% DR T RO S PR R I SR A A2 S OB
BT AR VA R R T R S (R A TR AR , 5 S ARG AR 2 B (1) 98 70 B W Bl I ik e A
SNMARIEER AT E N

[0067]  FEASULEH A, A5 B R AR i B 1 9 A48 B B B P R 08O “RARA” o R, “RAR Y
BAETHE TR A1 AR id o] B A .

[0068]  HiiRHI AN K B RAZBBHIEH I EAG 5755 1M ER T 71H90%.95% .
99% B H LA [ P B E — M 2R 79 75 %A 7 P R — MR A R R T A, A5 ik
A 755 LRI T FG1u39. Aspl169 . Arg1 70 Arg220 . Ty r227 F1G 1 u330 1) & L 1% 11
/D3N DA B U R TR A 4 (1) el B 1R ) LA T P ) e T ) 8, 3 T X 8 SRR ) 2
Rl DMEARAARAL AT AL, ] DAAER B AR rp it — D AT R N AR RR A T AR
E (1), 7] AR DL — D yE PR i o B 1 9848 DU PRI A N B IR A8 DA — 2P
ff 2 RAEEMATREN N B R RAZE,

(00691 1™~ 3 S Jth 9] v T s 1 IS A, AR B 38 A1 1S T ks 1 540 8 B s 1 it — 20 5
it T ARG AT, S R IRIERE T AR B R SR A Y BRI R B 2 R AR A 5% AR AR
R T I ) 2 SR AR 5 M T A D% B U BRI 2 5 7 9 5 LI R R 7 B 1) 38 44067 1) 2 2R
SEAADLIAE IR  SEA49DL M A ZR 5545907 NG IR A 2 AN L R B, I AL R
550 i 23R AA Iy — A~ AR B R I ) B i IR T il S S B8 B, 5 R Y A A 1 2 5%
PRI TE R R FUAH G o AEAR R B, bR T RTIA AT AR AR AR B I RAZ 2 Ak, i A LA — 2
TNAT AR TR 1 T B 2 AR A RR B AL AR

[0070] BT, AR AH 1 % A48 B B W P R B T R I AT A SRAR AN RO AL [ AR 2 Ak, m] DA
— A8 5% F Y5 LSRR 0 544067 [ 2n 18 | S5 44807 (1RSSR 55 44907 1
B 2R AR A Z R R LA BA I Y L B A S B S A R AR

[0071] 3% B “FIM P EIEIR” 2 870G LA E Fh[H-— M 2R 7 5 5 P81 5 1R & 5
R 7 IR SEAR S A AT LU S 00T L 78 IR A R — MR R R P 5, 72 5 P51 5 1
(R T PR BB 44067 5 L SR A48 FIRE ZR « BB 44901 I 5 AR S5 45947 A 2R
[F LR A7 BAFAE L H-5 578 T BT AR I () 2 SR AR T A O 1) 2 L 1R o

[0072]  RERIALIEAE BT AR I SRAZRIBHIHE T G 2L 1 7 7, Bk A 5755 1 2
B2 7 B B E5 A48 (RS SRR AH 24 ) U2 1R 1) B AT m P 0 I P 0 P S B R ) B 4 L B
5 EEA90L IS E IR A 24 1 R IE R 7] B A P A s e A0 5 1) R S R 1 B L 5 5545941
(A AR A 24 10 22 TR 1) LA vl e ) s A e A 8 ) 0 R ) B 8 P T LA DA b Y R
BB P E

[0073] {4 “BA T MEMIBER) ZEBR™ , AT F 25 H 28 R 2 W i« 75 2 i 22 2018 75
BRI IR I IR T &R SR e AR e AR R R T =R I =R 2
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AR MLk “HAT TP YR RE I 2 B TR AR AR T A R A H 2 IR h e 6o

[0074] {4 “HABRIEMEEN AR , NA 2R R AR IEFE

[0075] BN “HATMEMIBER) IR , MRS L R  H AR P I+ .

[0076] g Aftide £E RIS ) 5R A8 1Y BT 11 g 1) 2 2 R 7 B A il B 5 7 91 5 LI 2 B R
J7 B S5 448K KRS 2 R A 24 1 2 R 1) A 2 BR B H 2 IR K R AL 5 781 5 LI A B 7 7
(1) 5544907 B A R A A 1 B L R T K R 1) AR L 5 P 315 L U R 7 F 1 8545947 1)
KRR A 1 L B 1) B = BRI AR I LA A R RAR

(00771 HRRIPEIEA K B 1K 9 A8 T BT M B AL 5 7 51 5 31 ~ AT /R N A LR 7 51
[0078] 4, Bk T X EERYIEIT E AR B e (M R AZ 2 4,k m] DT 5 7 515 L AR L T )
(1) 5544007 LA 5 1 4530 AR BR A 4 1 IX Bk B 5 7 915 LI R 2E R 7 B 1K 5544847 LA J5 1)
AR E LR A Y X I8 B 57 55 LI E B BR T FI I S5 449471 DL S 1 4 TR s 4 B A 4 1 X
. 8E 5 TP LR SRR P B 11) 5545947 DA 1 430 2 2L B AH 24 1 IX ki 2R (IS ) 3%
SEPUA , 5 544047 LA 5 (K B R BR A 24 1K 7 516 21 4 00 20 i Tk AR B A s S I g
BEATIX LR B (IR ) BIAE DL 5 7] LA LE 55 NG %) 20 R B2 1) A BT LA o (R A 4 A 261k
HEHF .

(00791 (4) Ak BB 5 AL Y BT AR g 1) A1l g v

[0080] {1y fill itk 4 % BH (1) 5 A% A B AR EF I 0% 7742, M A mT DA o] & S ) B R A 1 G 1) 0
B2 7 B FIDNA B H 5 RIB ARG G RISHAE R NG F A AR E A B, 8l 4
BRI, T ERAS .

[0081] & JefE N B IR BIDNAR il 45 7515 , Al 7 ik JE PR & Rk A6 il 1 1) 2
& 15 Z I DNARY 77325 s 4 4 b 5 17 31 5 L R R 17 51047790 %6 .95 % . 99 % B L DA 1 7 51
[ — PRI 2R 7 FURIDNA i ok 52 8 SR VR AR ok B (A BTN RAR W 518 YD 5
FEF 5 LR R 7 51690 % .95 % 99 % B BL 19 77 2 [R) — Pk () e S 1R e 27 ) 2 TR ]
DA E Ik AR A 12 B W 7 TS0 110 T 2 20 e ) A T AR AR ER TR 4l A SN 77 25 40 B DNA, Fi|
FHPCRAF FIZHEATDNAY 3, T BRAS o

[0082] W] DA Je ikt 4 b= Pk il 6 1) 2 s 2 74 28 B4 8 - IBAF 1T DA , 387 FH PR i 1k i FIDNASE
FERE T & U R RIS BAE ) J3 30 U, M T 0 5 i DNAR RIS B4 AR AR L %
M, T B2 ST JTUREL B BF TURE 00 T AR DNA (MBS T8 AR 55 ) L3 6 o 8 R IR 58 AR R 2
i 993 B 3 BEDNA L SVAO R AT AE W0 2 AE AR VD 240 e FH ) s Ak A AR AP B 55, R EERR 81T =
11w A 5T A1 R A A7 ) A AT A A4 AT DA o 8 4, 77 32 2 R I AT I IR 0 R, TR
pUC.pET.pBAD%E . 3 4b, 7E15 F A TEREI 15 0L T, 7] 31 2% pPink-HC . pPink-LC.pPinka-HC,
pPCIZ.pPCIZa.pPCI6.pPCI6a.pFLD1 . pFLD1a.pGAPZ.pGAPZa . pPICIK . pPICI%E

[0083]  fE N EZNF, R B BLPE () 1A v f R 1 0 LR IE Y 5 305 T L AT
JEBF B, £ETE £ R KM EFE LT, Al B2 lac B3+ Trp B3I ¥ PL/EZIF .PR/S
P, AR MR, 7] BIZ5A0X L B B F TEF 1R 3+ \ADE2 J3 811 CYC1 J5 Bl F «GAL-
L1 HB)F5 .

[0084] My B A S ) A S 4, D036 DR P A BT - 240 T 400 T R 4 . ECTRT 40 e L 2
A A A0 R B A0 W 5 o R N TR, ] Bz, ER SRR JE (Pichia) JEERE R
(Saccharomyces) 5B JE (Schizosaccharomyces) %5 . /E N E H 40, 7] 7125 Hh 75 =

9
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(Aspergillus) AR%J&(Trichoderma) & . /E B AN AT 5128 SEOSE , M N ALY 40 B 7] 51
28X SR S VR B 20 A] 31 %5CHO \HeLa \HEK 2935 .

[0085] A% AN B L Gy ] DAIH A B R 4502 L 57 FLVR S5 A BN 7 V2 R B AT o AN R ) B R
At AT LA AE S0 BT o B S A B LI 1 = 4 AE R 3 B 3 R R AE [l AR T Bk
13 o FRAKIT , {8 7 3= 200 it 398 00 B0 e e 0 2 1 A0 o 2 5, R i e ok 3R A A BN T S TR -
L-BRAR-B-D- LA (IPTG) S5k 2515 S F BB T a8l e 4 fu gk — D5 7 — il |
[0086] 7 S7A% 7Y B4 B 11 il 43 HF tH 2 40 B AR B 15 500 R, M35 3R 5 B2l BT R G, )
AMEATAE T AN AN S OL T 00k 68 75 Y T R R/ B0 Tl e S5 ) P 7 B o 4 it 77 5
122 T BO IR 0 A , SR I Ak BT AR P I8 o BT A LT I8 ) LA A R R B 2 B UL UE  BR B H
BHES B30 5 28 4 2 M IS A s YRR 0T S R0 2T S B Ik R 2 B F VK R AR, A
M EEZH 40 B 3 5 e A B e A R Al

[0087]  (5)3 7 S AR A B W EF I A= 40 o - i B 54

[0088] A BH 1) 93 A8 U B A N AT 15 4 4 2 1 AR A T 10 /K A vP AR T2 B R 1 B R
AmPAR B e R FURIN T A, 5oE B B AL AT AR B L. 265 (1. 365 . 1. 4% . 1.5
B 165 1. TR5 1.8 1. 9fF 25 B DL I i (R 41 4 0 4 s ik

[0089] A’k BH I 9% A8 70 B AR EF I m DA Al At , o m] DR AR 2L

[0090] 534, AR T B I 5% A 70 B W il ] LA 5 A T [ AH o AR 9 B A , AT Z 28, ZR A
I NZ B R OR ARG 2 AL & B S M 5 (AR IR T 28 o il 4 48 )
(1) AR R B H ] o T A L A8 AT DA% A S B2 A8 A 7 T = A R o

[0091] iy , 48 FH A 2 9 A% 204 B8] B 5 180 PR DNAHEAT 2 A i 10 240 L %) b B 470+ T DA
SN A 978 R B AT R B R P o 12 G A B 40 B I b B4 wh L B T S AL T T A I 4 Ak
SN DA S e AL I ) BE T R R B AT ] s AT T A 1 A 0 =4 2

[0092] 2% BH I R A 7R B P B B S AR 4 SRR & T DL E A B 5 i A &
WIE S A Y 2 A B K AT A X B U A 4k 2= il , R 208 B A 4E &= 100E
PEROBE AR PR 52, AT L& — R B RVR A M8 N IX AL , 7] 52850 40 , 45 4 2K
N A Y FRI A Ak R KA N ) SRR A ) SR R SRR R SRR A
[0093] [ iRZF 2 ZR B 1 VR T 22K T ) A 4E 2R 6 - RV T 22 IR B (N 41 4 R 2 &2 /D
A3, E P U 56 IR RN 40 2 K B R 5 VR A o 3R O T B RO AT A 4R R FE AL
P & A WU SRR 2R LA b R/ B0CS A AR 4 K AR RS 2R DA ISR IR T 22 R 1 4
PR AENET DR 2IRE A 4RI RMAEY, T2 KE)E (Trichoderma) & )&
(Aspergillus)  F4EHEJE (Cellulomonas) REJE(Clostridium) S H B
(Streptomyces) . J& & J& (Humicola) A TN EE J& (Acremonium) FE A H & (Trpex) . B &
J& (Mucor ) \IEIRTE J& (Talaromyces) S AN X LeiUE MIFE RS SRR P R A 4E R
T B AT DORE 85 SR 9 AR 2EA IR 22 IR T 21 48 R g EL BT, AT DORE Al Ak 335 30380 il )4k
(R E N L IR TE A e R BR A H AEPE N BB Sm i b i 2 R TE A 4 R IR &
Wi o 0 A T AR 8 A PR S B0 T S WTRAAE RS I T B R A R | 2 R L VA AR
IR SRR T LA B i FRE A 4 2 57

[0094] A BH Hh {8 FH D RUR T~ 22 R T8 1 A 4k 2 B DU & kIR TR T B A 4E 58 . K55
JERAERE IR P A AL B 2 D 2R, ) P U SRR A D 2R DL b ) A G R K A

10
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A2k B , M IX R B FR W I A 4 R B IR G YR AAEAS R B AL A o X R R
JE, AR KR T B IROKE (Trichoderma reesei) FI4F4ERBER AW - /E NRIET BIK
KRR AUERBHRESY), 7] 528 R T IR EWI414 (Trichoderma reesei QM9414) . H
[CAREQMIL23(Trichoderma reesei QM9123) . B IKAKEFHRutC-30(Trichoderma reesei
Rut-30) . H K AKEPC3-7(Trichoderma reesei PC3-7).H [ AECL-847(Trichoderma
reesei CL-847).H K AEMCGCT7(Trichoderma reesei MCG77).H K AKEMCGCS0
(Trichoderma reesei MCG80).Zpfi REQMI123(Trichoderma viride QM9123) 4 4t &
FEIRAM) . S 4h , WA DU RIR T R RS & 1 5848 7 BCER b 20 HE i S g AT SR AR Ab R
AL B PR R T ISR

[0095] Ak BH (1) A 40 o 43 fidt IS 2 A P ] AT 32 HAE & A4k 2 10 A ) K e R A A
TARRNAEY R ER B D EEAERNY AR E B AR H RS ROKR |
KA WL RR FEAS 2R R R IR A VIRAR L IR AR AR S IR B B A R R A
e AT A BERNEYIARTR CEAAER TR0, E VR 228, m LA AR B i 4
IKEE, WA R ZR A 4R35 3 1 A B S A = AR B e e 2= R H .
[0096] Ak BH H 1) 75 4 4 22 1 A2 o 1) i Ak TR S AR P e b L 240 °C ~60°C L Zb 3 pH
H3~T S A YR EY R EE IR E0. 1~30% o8I W E AL 1%VE L 7] D KR R
FEA RO B A o 4 il PR AEL 5 P01 - X 28 T TR SR DT W SPAV R P i 00 il AT o
SN FEE 100 °C B U KBl 5 (EA 5 B v A58 ) SR T 8 4 T 1 0 R P Rl 240 °C ~60°C i
TN R S LV T AR YE R B AZ S, T DUA R 3 AT S A 4R 2= I A ) 3 i o 1
AL AT DA DA 3 AT , ] DA DA 22 s AT o 8 1 X RE 1) 1l 4 38 3R A5 1K) /K e ) 6, 5 i
W AHE S5 SO Ry, DRI AT AR N B FLIR S 1 J5URFR AT F

[0097] skt 5

[0098] LTI %71) 2% S jih 451 L A4 b 156 B A i B o AHUAR O B AR T3 B8 ST 451

(00991 (ZZ&451|1 ) 55 B W 7 15 0% 1) FH K B A B 1) i 2E SR IA il &

[0100] 5% B A HF Bl 1 JE ], 52 & O E A 7 71 5 2 B 7 (19 Bl i 3 2 | R IR, 36 A
Ligation High(ZVE47) 5pET-11dfINcol MBamHI% 4z , ¥4k IM109(Takara) o ff & &
TEERENAE R LBEER R AT IRk i DR IGARE (7 70 ) WHEALE
B IMLO9FE H 43 5 il {E R B A& pET-P £ uBGL , BEAT B /7 71 93+ A1 « FpET-PFuBGLELZ AL 15
KWFFEBL21 (DE3) pLysSHk, #/EBL21-PfuBGLEK o JFBL21-PruBGLER M T S E A H B &
[FILBREFREE10mLH , E37 CHRZ I 75— W (RIS 37%) AN TR 7 . AT A R T HERINLBR 7
FEILH PRI RS 77 T3 B A, PR35 55 77 2 3K 600nm K 56 FE0D600°40. 8 2R fa » A 7
P 1B AR-B-D— - FLAME T (1PTG) A e e K 5 N0 . AmM, FEAE 25 CHE 2 — R B5 5% 5 , il
T B0 B U B A, TR T T-50mM Tris—-HC1ZE Mk (pHIES. 0) o BHZ IE TR — I UK 2
— AT B S PR, R e BT E N Jo A M R ORI B 0 8 BT BT AR I e 4 e R
HUBAESS CARIL 1547 %, [ R 12 AR 17 B LA A SRV T K Wi B 1 82 3 PR Uil - 1 ik
O BRR EVTEY R BB AR 7 FE 10000 FHAEF4ERGEN (AT ET
Lo TR T N X)) X50mM TR 2% R (pHAELS . 0) #EAT AT o {38 FH AR 0 8 B By A E N
o1 BHITRR LRI o 1] £ 1 2 BT B B 1 2 RS R P 2 AE P 51 5 LR e %8

(01011 (SR M51 ) 1% B B 1 IR 4 4 SR AR TR R R ) i o

11
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[0102] 5 A M 1 I (o ZUB AR ) M X ST 2R A 45 B 24045 (Thijis K. &%,
Biochem.vol.39,No.17(2000)) ,{H4 AL E 3_31&’,%9[\1{3?&75@131”0%11] Data Bank
(PDB)VEME o BRI, 9 T 4 8 PFuBGLIK =4 54, 22X 1 X5 2 o A4 45 4 2 BT o IR BT I 46
AT, AR BRAE R DT E I L D HE AT 1 46 St Ak o FH R B JBURT 2R S5 56 1% 4% SPr i ng —8IEAT X
LRRT ST SE I, LA A BE 2.8 A B2 T PFUBGLIKI 45 44 o &5 R B 52 {8 P 40— B B0, B EL 93 i
HEABFFI S22 RMAEBRITIM KBTI —ERT 7T « 7T 7UH X
(Themosphaera aggregans )B4 #H i/ (ThAggBGY \PDB 1D: 1QVB) o {8 FH 45 #4943 Hr FH I ¢
FCCP4_Contact k4 1 V. 2 1R) (¥ AH FLAE F , AT 4317 P 7110 340k 25 M B4l « R 3 AT i) &5 21
BN IR R T 1 BN T 7E NV FEA-B2 (/) A-CZ ) & A A AR F L F2 i [R) L 4 5% 4

10/15 1T

(B R T H o s R W AEA-B L A AH EAE AL AN TR 1

[0103] 1
{ &géi; Fr (% 3{%@%% y | HEERA) | BeFX
1 | Arg 170 (NH1D) | Leut168 (O} 3.26 E E 4
2 | Arg 170 (NH2) | Asp189 (QD2) - 268 4
3 | Arg 220 (NHY) | Arg220 (O) 3.29 4
4 | Arg 220 (NH2) | Glydd (O) 3.19 ¥4
5 | Tyr 227 (OH) Lys165 () 2.65 £ ¥ 4
6 | Phe 230 (N} Glusg (OET) 2.96 s4t
0104] 7 | Gl 38 (O Phe230 (N} 2.6 £
8 | Ser43({Q) Arg220 (NE) 3.39 S4E
g | Gly44{0) Arg220 (NE) 3.89 f4t
10 | Gy 44 (0} Arg220 (NH2) 3.49 24t
11 | Lys 165 (0} Tyr227 (OH) 2.92 F4t
12 | Leu 166 {Q) Arg 170 (NH1) 3.03 g4t
13 | Asp188(0OD2) | Arg170 (NH2) 279 5
14 | Ser 228 (OG) Lys 1685 (N2) 3.54 £ak
15 | Arg 170 (NH2) | Asp 1689 (OD2) 2.68 R
16 | Asp 168 (0D2) | Arg 170 (NH2) 2.79 B
(01051 7E 3£ 2 ) 9 41 LA FiT R, A AR R SR (N) RIZBLJ T (0) A LA T

(RUER N AIERR) , B T2 LR A B A R 450, DR AS Re i8Rk, R 1 el s
VA 2 B ) AH ELAE A, 25 R a5 56 4 S A BLAE A RAIG1u39.Asp169.Arg170.Arg220,
Tyr227.G1u330-F NRAZ A X o 7340, HEE b Arg170-Aspl169.Z B [ 455 A B 5
17 -5 FL A A B BEE P AH LA FHAH L &5 & 0, Ik 5848 5 N1 B 9 ) K I RUR » S 41 , 16 A-B
Z TR ELAE AT R 3 KA IR AL R T2, 5l 2 5 B Arg 170 Arg 220 Ty r227 1) 5k
AZ SRR S F A5 A BRI, R iR R 98 AR 1) S N AL A I .

12
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[0106]  (SLZJEH2) FE AR 4%
[0107]  ffi R 2F /=i 514, 383 DA T 19 12 A E A A B 1) BAET AR T (R ABAK) .

[0108] %2

[0109]

RAZFNNL R B 73 (57 —37) el
Arg170Phe(Fw) CAATTGCAGTAAGGAAACTTGGGCCCGGATGCGGCTCCTGC 353
Arg170Phe(Rv) CCAGGAGCCGCATCCGGGCCAAGTTTCCTTACTGCAATTG JE5) 54
Arg220Ala(Fw) GGTTACATTAATCTAGGTTCAGGATTTCCACCAGG 555
Arg220Ala(Rv) CCTGGTGGAAATCCTGAAGCTAGATTAATGTAACC 5156
Tyr22Phe (Fw) GGATTTCCACCAGGATTTCTAAGCTTTGAAGC FER5T
Tyr227Phe(Rv) GCTTCAAAGCTTAGAAATCCTGGTGGAAATCC FE51)58

[0110]  X+4mhS 735 L i~ R TR 7 B (1 SE K, A8 FH 7 95 S RNA T B3 17 271 B s 1) 5%
%A BR AT 2 m R ARVEHIVERLTOA TR ABAR (JF 515 16) o Sy A RIFEHL , A5 FH 5 5155 F06 1 i
B 7 5 s SR IR HAER220A T AL AR (5 515 17) fF FH 7 51 ‘5 TR Hil{E Y 22 7TF AL 44
(735 18) « 57341, ARLTOAR AR AE , F FH T F1l ‘5 7 A8 1) B Ik 157 51 Bt 7= (1) 55 7% 1 B2 il 1
RI7TOA/Y22TFRAGAE (J751°519) « W RITOARARAA , {8 F1 7 515 5 6 I B 17 51 B /s 1) 55 4%
HERHI/ERLTO0A/R220ATAZAKR (JF 15 21)  XFR1TOA/R220ARAZ A , {8 H 7515 7R8[ Bl
B BTN S R I ER1T0A/R220A /Y22 TR R AR (J7 31 %520) o

[0111] B 43 [ 2% 22 DR 4 RS 25 461 112 380100 P 76K B A B P S it 3R 08 cR17T0A TS AR 4
R220ARAFAR \Y22TFIRAFAA \R1TOA /Y 22TF S AFAK \R1TOA/R220A A A4 \R170A/R220A/Y227F
KRR EIERR 7R TIP3 59~ 14 (A S /BN REELFI R RAR) ML T Bk
RAFRAFR AT AAE R AT B AR e fh i A ks .

[0112]  (SRjts]3) T AR £ 4 W 43 s 14 1

[0113] WSt 4512 43 20 11 9 A5 4 (A 2 B 1) BT MR TF I8 ) RN 225 461 1 v il & 1 S BT 1
B ) 40 4 W 2 i MRS L AR S8 3R AT L 3¢ JES A 18 FH 1 OmMET 4k — 8 /50mM 2. BR 22 1AL,
43 A S HE 2 22 )1 H 1 2% 1 B DA 29K 0 . 23mg/mLiN i, 7E50 °C BHAT Il I B2 30 43T
W21 BT L B AR50 C IR 260 T A U A AT RE IR 2 (g /L) BN 100 % , 4 25 RAS A
SR Yk R RS TR LA R T8 3.

[0114] K3
[0115]
Imi7oa | rozoa | YzerE | RITOANY2ZTF | R1TOAIR2Z0A | RITOAIRZZOA!
ROBRER | ooun | wme | wus | wu4 RES | yoorE ek
100% | 100% | 100% | 100% | 1oo% 100% 100%

[0116]  #HIA 1 £E50 CoR BRI R AT RAZA AT VE B2

(0171 (SEHEHI5) SRAZA R 21 2k — 7 ffais 1 2

(01181 e &5 £F 4 2 B AW 5T A7 £ B 556 R Al A R AR Ak (AR5 PO 1 BT AR i ) 1) &2
UE RO R AR NS A AR AL 5T A PR RE AL 5 20 A AR IR AE 150 C AL ER 1073 B s
I o1 o AL BT 1 & AR I AL 5wt %6 RO VAP S N 1 OmMET2i 8/ 50mM £, IR 2% 1 L
FR S o AE A2 RS LA 2R B0 . 23mg /mL s N S 491 2 . 255 )1 v il 2% TRl , 7250 °C i

13
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nw BB P 12/15 %

AT IS RL30 73 B o 457 25 BT HF AL 50 °C VIR BE AR Th A ) e e A P (/L) /RN 100 %
1 25 SRAZAR R B 21 4 R 93 A TR FHAERHEL R T34

[0119] 4
[0120]
e R170A | R220A | Y227F | R17T0AY227F | R170A/R220A | R170A/R2204A/
i kG| RK | xak | REs REA | yoorE REK
100% 101% | 109% | 98% 98% 94% 163%

[0121]  BEIA T 53 MR B AIR 1 T0AZS AR 4K \R220A G AB A4 . Y22 TR 98 AF 4K \R170A/R220A %%

AR S A Y R A TATAE R AR 4E o s PR VP EA 2 57 i — 5 il T 1

R1TOA/R220A/Y227TFFEAFAA R, AHA T 57 il Wil I B 38 L Ath SR AR AR P KR 2 e o

[0122]  (SEjafsle ) F) I Al AR R PAGER RAZAE R 73 F = Il &

[0123] 383 ¥4 (4 E AR PAGE KA 2 5% B W 1 B A AR R B I B BB 1 AR IR 17 0A

AR RLTOA/R220AZEAF A  FIR170A/R220A /Y22 TF G AT A4 2 75 T e a2 (R A8 A

[0124] W5t AR AR PEPAGEAE HI3-12% A A PEPAGE Bis-Trisltii( A v Ehr ¥ =) K%

BHTHEE JR17T0ASEAR4A \R1T0A/R220AFS A5 44 L FIR170A/R220A/ Y 227F 5 AR4AR - 1ng i fd T
A 22 B (50mMIBK P (pHAE7 . 0) .50mM NaCl.5mM6-%0 3 018 0. 5% % 5 1#7G250.0.5%

DDM) H VB L UK ASE it o 0 F A B FNativeMark & FIFRAE S (1 > B R & = ) JHLIK

E FH AR AT N5 0mMPE 2208 7. SmMIBK 8 (pHAEL 7. 0) 5 5 G250 , 7 B AR AU i 25mMIk 14 (pH

{H7.0), LA150VRE HL R HEL UK 1004 Bl o 75 257 1 ] 58 AL 2 5 3EAT G250 i 2 o 1 BT 15110 ¢

W R s T3

[0125]  SCT-SEBHIME T \R17TOATRALAAFIRLT0A/R220ATR ALK, 7E 4y F B Ar L) 146kDa R

24 2kDa ) 2 18] R AH [ () A7 B R DU 2 %% 5 1257 o BH T 518 BB EF BT A SRAR IS 1) 3+ =

N216kDa, Bif LA AT LLEIN S AT R T R e I ARAE » 55— 5T » AR R B IR170A/R220A/Y227F
RAFARAE 531 B bR EHW66kDaZE 146kDaf k6 H o BT, #A T AR BIIIR1T0A/R220A/Y227F 58

AR v 2R SR EH 1 BN T TR O AR AR B T A AR AL 5 DA S SRAR B 2 AR KV R

1715,
[0126]  (SZiEHI7) M8 F T 85 BRIMEE B AR 4 i B 40 A W) S R dE 2 10 AW i
) 7K it
[0127]  f# HRIE T BICARE (Trichoderma reesei )[R ER (LY 5 AR 7<),

FEAE TR I, 23 A A B LU 49 1 v 1] 28 1 21 70 W TP I STt 1) 2 v 1] 2 1 A R BH T
R170AZEASA . R1TOA/R220AFEAF 44 L FIIR170A/R220A /Y 227 F S AR [ A2 M) o 49 e I 4L &

Vo B NS DA A1 4 250 . Smg /mLL 25 Fh A BE T B0 . 005mg /mL (AR 4E Z BRI 1/1005) [ 77 X
A
[0128] RSN A 4E R B AW o, A AN FE A F5 %6 A R R AE 150 'C AL 2R 1043 B i 13 1 4

Jit o K BT FHAESOmMMZ, BB 22 1P VR (pHAELS . 0) B iFowt % 1 & 4F 4E 2 19 A W) i A5 14 A
NIEYD o BNAESOC HEAT 287N, 1 58 A2 i P 7 287 A 2
[0129] %5

14
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[0130]
" R170AMRZ20A | R1T0AR220A/
X | FpHNER REH
B RITOARE®  wum | voorpss
HNAVERE | ool 8.3 gl 8.0 giL 8.6 gil. 11 g/l

[O131] A 1 A T T 0 AR A I » ek V25 T 0 5 T M T 5 260 A 2 R 30K o AE AR B
IR170A/R220A/Y227F R ARAKH , AT AR A 55 2R BAT R H I8 \R17TOAZR AR 44 (A1 T0A/R220AR A2
WRAHLE , S5 N2 28/ INI i 14D 4 260 47 B G 38N o 5 47 4 22 10 AR W) SR AS A7 AR [ 4 4 0 o3 i
JEMETERITOA/R220A/Y22TFIAFAA | S BHTHE LTI A R1TOASE A (A1 T0A/R220AFR AF {4 2 8] &
ZE 5 (SEHEI3) o R B, BN T AR B ) 98844 \R1T0A/R220A /Y 22 TR ARARIE SR YE 2 A
W RATAE T I35 T X TSR B R ) o

[0132]  (SEJEMI8) 170A/R220A/ Y22 TR IR AFAAK ] St A 45 1) 43 M7

[0133] T HAEA/R220A/Y22TRIRASAR M) = L4540 , 2238 T XGRS AR 25 ) 0 BT AR Z W
()& A2, AR VB AU v R B D 3R AT 1 45 di At ol Ik K B TS0 28 5 36 1 44 SPring -~
SHEATXEF LR AT ST SL06 , 76 A RE 2. SIRKE Hr i B B T PRuBGLIN &5 M S5 e [ T B
Bk B FEHEE P S22 RN E R T IINRIE T —FE X7 75 « 7 7V
77 > X(Themosphaera aggregans) BT ¥l (ThAggBGY .PDB 1D: 1QVB) .45 BT 1511 34
GE R YRS B S5 BT I B ECCPA_ Contac t 43 #1132 [R] (K A ELAE FH - 15 53 BT 11 45 51
3 0 AR AL 7R T4 8N 1 W HEA-CZ (Al FHELAE B, R1T0A/R220A /Y 22TF R AFAK T it [F
TOTEAR (B4) T M 45 T P 3EA-C2 R A B AR T, V9N T3%6..

[0134] 2@6
i Y ZAB \ X
(REBRT) (R{ABRART) | BERBA) | HEFX
‘01381 1 | Arg 448 (NH2) | Glu 448 (CE1) 2.54 £4g
2 | Leud40 (N} Gly 458 (O} 287 S8
3 | Glu448 (OE1) | Arg 448 (NH2) 248 K4t
4 | Glu458 ) Leuddd (N) 2.84 S
[0136] B[, HIAH TR1I70A/R220A/Y227TF 5 AR IH ik Arg448 . Leud40 .G1u449 .G1u4b9f) 2 F

PRARIETE B, AT T B2 TR A

[0137]  (SLjiafs|9) 5 AF A il 24 2

[0138]  SA|AH 1 AN Ji FH Y 5 A8 U 78T 7R (R170A/R220A/ Y22 7R S8 AR ) 4 il 8 Fir 7w
TR 25 Ak PR I, 6 T2 75 AT LA 5P R170A/R220A/Y227F A5 4 33 — 45 5 N Arg448.
G1lud49.Gludb9AEIAN LA ERIRAR W 25 AR ARy BAR BEAT 1 50 o 0 T S AR A4 L AT [ 3R
2, R TR B, B PR B FEHIE

[0139] %7
[0140]
RAZFNNL R A PP (5°—37)
Arg448G1u(Fw) TTCGAGGAAATAGCCACTCAAAAAG FEI523

15
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Arg448Glu(Rv) TACCAGCGGCTTGGCCTTAAATA FE oI5 24
Arg448Gly (Fw) AAAAAGAATTCGGTGAAATAGCCACTCA 7514525
Arg448Gly(Rv) TACCAGGGCGCTTGGCGTTAAATA 751526
Glu449Arg(Fw) AGAAGGATAGCCACTCAAAAAGAAATTCCA FEI 527
Glu449Arg(Rv) TACCAGGGCGCTTGGCCTTAAATA FE%1)'528
G1lu459G 1y (Fw) GGATTAGCTCACCTCGCAGACCTC 751529
G1u459G1y(Rv) AATACCAGGGCGCTTGGCCTTAAATA 51530

[0141]  XJR170A/R220A/Y227F SEAFARI F K ()5 515 20) , 43 A FH P 31 5 23 KN 24 1) T A
FEFN TR R 1R 7 515 25 126 I TS 7 21 B /s B S A% 5 1R S 7 1) 5 27 A 28 [ i s /7
FIFT N B LT IR 7 71 5 29 M 30 B 2 /7 B Bl /s B S A% 1R » il /ER170A/R220A/Y227F /
R448ERAFAK (JF51531) \R1T0A/R220A/Y227F /R448GHR A5 4K (51 '532) JR170A/R220A/
Y227F /E449RZEAFAE (£ %1 '5:33) JR1T0A/R220A/Y227F /E459G 5 A5 A4 ( FE 51 534 ) Al o

[0142]  Fir 451 25 Al 2 HE 2 28 461 1 10 38000 I 76 K B B P SE iR I8  FR1T0A/R220A/
Y227F/R448EFRAFAA R170A/R220A/Y227F /R448GHRAF 4K \R170A/R220A/Y227F /E449R A
& \R170A/R220A/Y227F /EASIGCIRAZAR ) LR T B 78 T 17 91 5 35~ 38 (N B E iR ah 2%
I FIRZIR) - ] LA R i) SRR A K 1 BT DR A e iR A iRk
[0143]  (SEJEH10) A HER T IER =/ e

[0144] g 1 7€ o il B8 1 Bl AN R AR AR 9+ &, AT RISy i 4 F E W 108 o 1
{4 FiHiLood26,/60Suuperde X 200 , 22 My ff FH50mMTr i s—3h 5 25 (pHAE8) « 150mMET AL 4N o 45
SETtA51 2 2 1 LA 9 v i A BB A IR AR, A 2mL /min gy B X T RE AT H
WO E 280nm. 73 &8 A UNIE 82 1 (44kDa) 15 82 F (75kDa ) B 4l (158kDa) Bk i
[ (440kDa) 1E R 53 S5 B4 5 DL AN B Rl 43 (40 3 HH I i) A B i o) 4 A vfe it 286 288 e st i
[R5 3 B U 5E 1) & (S22 & kDa) FIH B — RS o2 (e 9+
= .kDa) 73 A HY T-K8.

[0145] %8
[0146]
PR R E MR RITOAR20AY227F) -
- RA4BE | R44BG | E448R | R4A50G
M -FEkDa) 237 128 70 63 g2 50
BESFEEDS) 220 10 55 55 55 55

[0147]  SABH T o Ak Pl 2k A B 7R A SR AR ) SE N 43 & (237kDa) ,R170A/R220A/Y227F 5
AP AR I AT TR 2 AR I S 43 - & (129KkDa) o 75— J7 I, X TXR170A/R220A/ Y22 TF 5 AF 44
- SN T RAFMFEASAARITOA/R220A/Y227F /RAASEZEABAA \R170A/R220A/Y227F /E449R
FEAR \R1TOA/R220A/Y227F /R448GIRAZAA R1T0A/R220A/Y227F /EASIGHAZAA , sSE 7y F &
J950kDa~90kDalf] JEH , HE g /E At — 2 R ANRBIIR , & 584 AR BT

[0148]  (SLJEfe1 1) RACAR M) A 4E — N 55 s M 3

(01491 WU5E & A1 4k 2= 10 A JSUAF-AE S 1D 3% W I AR SR AR A (A i Y 1) BT R Bl ) 1 4
Yk —WE A SIS T AR N B A Y R B AR o, A R AR RS 5 %6 AR R 7E 150 °C Ab 2 10 43 i

16
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T o EB VT T B PR R AR W) 5wt %6 [ VAV P A T 1 OmMET- 24k I/ 50mM £, B 22 1
1l B VR o 7E 1% S BLIRH PR PO . 23mg /LS IS e 4519 v il 4 (1 B R 170A/R220A/
Y227F/R448ERAE 1A \R1T0A/R220A/Y227F /EA49RR AL 44 \R1T0A/R220A/Y227F /RA48GRAZ
A \R1T0A/R220A/Y227TF/EA59GR G , 7E50 °C BEAT B S 823043 B o 45 BRI H I 7E50 C 1Y
UL A A AR A T B B2 (/L) AE 100 %6 5 5 S AR ATV 4 4 — 0 3 ity Pk LA AR 6
RTRIP,

[0150] 9
. £ R (RTTOAIRZ20AY22TF)
N8
[0151] Ll R448E R448G E448R R458G
1%30%} 179% 183% 187% 197%

[0152]  H|BH TR170A/R220A/Y227F /R448EFEAE4R \R17T0A/R220A/Y227F /E449RFEABAA
R170A/R220A/Y227F/RA48GIAZ A4 \R1T0A/R220A/Y227F /E459G I AFAA A T~ % WE HF IS
PERMEHE 7 o F3 71, I8 7 A T S2 a5 R 1T0A/R220A/ Y22 TR R AR A (254K ) , SL 461 9 1)
SRR TR AR LT I CERAAS) Vi PR

[0153] = bm] i FH 4

[0154] A BH o (1) BT B 1 Bl A5 5 40 4 2 0 AR W A2 72 R 87 i ) 1 4 08 9 e v 1k
AT SH T DA E A 40 Jo 118 7K A AR ORRE ) e v 5

[0155] AUt B 45 5| I BT RATH) T R R iE B E NS 5 AR UL A,
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[0001]

110> RIES S
METATEGE A P A AR G ST T

120> ST B AN, A A A RO i
<130>  PH-5007-PCT

160> JP 2011-155792
<151» 2011-07-14

<160> 38

<170> Patentln FA 3.1

210> 1

211> 472

212> PRT

213>  ERFUHBERE (Pyrococeus furiosus)

<4007 1

Ala Lys Phe Pro Lys Asn Phe Met Phe Gly Tyr Ser Trp Ser Gly Phe

1 5 10 15

GIn Phe Glu Met Gly Leu Pro Gly Ser Glu Val Glu Ser Asp Trp Trp
20 25 30

Val Trp Val His Asp Lys Glu Asn Ile Ala Ser Gly Leu Val Ser Gly
35 40 45

Asp Leu Pro Glu Asn Gly Pro Ala Tyr Trp His Leu Tyr Lys Gln Asp
50 55 60

His Asp Ile Ala Glu Lys Leu Gly Met Asp Cys lle Arg Gly Gly Ile

65 70 75 80

18
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[0002]

Glu

Val

Se¥

His

Ile

115

Ile

Asp

Tyr

Asn

Pro

225

Ile

Trp Ala Arg lle Phe Pro Lys Pro Thr Phe

85

Glu Lys Asp Glu
100

Thr Ile Lys Glu
115

Tyr Arg Lys Ile
130

Leu Asn Leu Tyr

- Ala Val Arg Lys
165

Glu Lys Thr Val
180

His Leu Asp Asp
195

Val Val Tyr Asn
210

Gly Tyr Leu Ser

90

Glu Gly Asn Ile Ile Ser

10

5

Leu Glu Lys Ile Ala Asn

120

Tyr Ser Asp Trp Lys Glu

135

His Tip Pro Letu Pro Leu

150

Leu

Val

Leu

Gly

Glu

Val

Gln Gly

215

155

Pro Asp Arg Ala

170

Asp Val

Val Asp

Met Glu
125

Arg Gly
140

Trp Lle

Pro Ala

Phe Val Lys Phe Ala Ala

18

=

0}

Asp Met Trp Ser

200

The Met
205

Tyr Ile Asn Leu Arg Ser

220

Phe Glu Ala Ala Glu Lys Ala Lys

230

235

Gln Ala His Ile Glv Ala Tyr Asp Ala Ile

19

Lys Glu

Lys Val
95

Val Pro
110

Ala Leu

Lys Thr

His Asp

Gly Trp

175

Phe Val

190

Asn Glu

Gly Phe

Phe Asn

Tyr Ser

Asp

Glu

Glu

Phe

Pro

160

Leu

Ala

Pro

Pro

Leu
240

Glu
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[0003]

Lys Ser Val Gly
260

Glu Glu Tyr Lys

275

Phe Val Thr 1le
290

Asn Tyr Tyr Ser
305

Pro Leu Pro Gly

Ser Gly Arg Pro
340

Ieu Glu Asn Teu
355

lle 1le Thr Glu
370

His Tyr Leu Val S

385

Gly Ala Asp Val

B
=
O

Val

Asp

Let

Arg

Ala

Leu

Asn

Arg
405

Ile Tyr

Glu Val

His Ser
295

Leu Val
310

 Gly Phe

Ser Asp

Lys Tyr

Gly Met

375

His Leu

390

Gly Tyr

250

Ala Phe
265

Ala Trp His Asp

Glu Glu
280

Ile Arg Lys Lys
285

Lys Leu Asp Tip
300

Lys Gly

Tyr Gly Ala Lys Asp Gly
315

Met Ser- Glu Arg Gly Gly

330

FPhe Gly
345

Trp Glu Met Tyr

Asn Ala Tyr Glu

365

Lett Asn

360

Ala Asp Ala Ala Asp Arg

380

Lys Ala Val Tyr Asn Ala

395

Trp Ser Leu Thr
410

Leu Hig

20

255

Pro Leu Ala
270

Asp Tyr Glu

Lle Gly Val

His Leu Val
320

Phe Ala Lys
335

Pro- Glu Gly
350

Leu Pro Met

Iyr Arg Pro

Met Lys Glu
400

Asp Asn Tyr
415
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Glu Trp Ala Gln Gly Phe Arg Met Arg Phe Gly Leu Val Tyr Val Asp
420 425 430
Phe Glu Thr Lys Lys Arg Tyr Leu Arg Pro Ser Ala Leu Val Phe Arg
435 440 445
Glu Tle Ala Thr Gln Lys Glu Ile Pro Glu Glu Leu Ala His Leu Ala
450 455 460
Asp Leu Lys Phe Val Thr Arg Lys
465 470
210> 2
211> 116
<212> DNA
213> RFUHHERE (Pyrococeus furiosus)
[0004]
400> 2
geaaagttee canaaaactt catgttigga tattcttpgt ctggttteca glttgagaty 60
ggactgecag gaagtgaagt ggaasagegac tggtegetet gegttcacga caaggagaac 120
atagcatcag gtctagtaag tggagateta ccagagaacg geececageata ttggeaccte 180
tataageaag atcatgacat tgcapgaasag ¢tageadteg attgtattag agetegeatt 240
gagtgggcaa gaatttttee asagecaaca tttgacgtta adgttgatet ggamaageat 300
gaagaaggca acataatttc cgtagacgtt ccagagagta caataaaaga getagagaaa 360
attgccaaca tggaggecct tgaacattat cgeaagattt actcagacty gaaggagagg 420
ggcaaaacct teatattaaa cetctaccac tggeetette cattatgeat teatgaccca 480
attgcagtaa ggaaactige cceggatagys geteelgeag gatggttaga fgagaagaca 540
gtggtagagt ttgtgaagtt tgecgeette gttgettate acettgatga cetegttgae 600

21
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atgtggagca caatgaacga accaaacgta gtetacaate aaggttacat taatctacgt 660
tecaggattte caccaggata tctaagettt gaageageag aaaaggceaaa atfcaactta 720
attcaggete acatcggage atatgatgee ataaaagagt attcagaaaa atccgtggea 780
gtgatatacg cetttgettg geacgatecet ctageggagg agtataagga tgaagtagag 840
gaaatcagaa agaaagacta tgagtttgta acaattctac actcaaaagg aaagctagac 900
tggatcggeg taaactacta clecaggetg gtatatggag ccaaagatgg acacctagtt 960
cetttacctg gatatggatt tatgagtgas agaggaggat ttgcaaagte aggaagacct 1020
getagtgact ttggatgega aatgtaccea gagggectte agaaccttet taagtattta 1080
aacaatgeet acgagetace aatgataatt acagagaacg gtatggeega tgeageagat 1140
agatacagge cacactatet cgtaageeat ctaaaggeag tttacaatge tatgaaagaa 1200

[0005]
ggtgctgatys ttagagggta tctccactgg tetetaacag acaactacga atgggeccaa 1260
gggtteagga tgagatttgg attggtttac gtggatttceg agacaaagaa gagatattta 1320
aggccaageg cectggtatt cagagaaata gecactcaaa aagaaattece agaagaatta 1380
getcaceteg cagacctceaa dtttettaca agaaag 1416
210> 3
211> 40
212> DNA
213> ANTFE3)
220>
223> 519
400> 3
caattgeagt aaggaaactt ggeceggaty cggetectae 40

22



CN 103687947 B

F 5 &

6/58 T(

[0006]

<210>
211>
2127
213>

<2202
223>

<100

geaggagecg catceegggee aagttteett actgeaattyg

<210>
€211>
212>
{213~

220>
<223

<400>

40
DNA
AL

35
DNA
ATA

ggttacatta atctagettc aggattteca cecagg

210>
211>
<212»
213>

220>
<223>

400>

6

35

DNA
AL

519

6

cctgotegaa atectgaage tagattaatg taace

{2107
211>
212>
213>

220>

y
32

DNA
AT

23

40

35

35
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[0007]

223> B

400> 7
ggatttecac caggatttet aagetttgaa ge

<210>
21>
212

213> AT

R o

<
=
e

<2205
223> 519

<400> 8

gcttcaaage ttagaaatcc tggtggaaat co

210> 9

<211 472

212> PRT

218> FRIMHBGERE (Pyrococcus Turiosus) R1T0A

400> 9

Ala Lys Phe Pro Lys Asn Phe Met Phe Gly Tyr Ser Trp Ser Gly Phe
1 5 10 15

Gln Phe Glu Met Gly Leu Pro Gly Ser Glu Val Glu Ser Asp Trp Trp
20 25 30

Val Trp Val His Asp Lys Glu Asn Ile Ala Ser Glv Leu Val Ser Gly
35 40 45

Asp Leu Pro Glu Asn Gly Pro Ala Tyr Trp His Lew Tyr Lys Gln Asp
50 55 60

His Asp Tle Ala Glu Lys Leu Gly Met Asp Cys Ile Arg Gly Gly Ile

24

32

32
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[0008]

65 70

80

Glu Trp Ala Arg Ile Phe Pro Lys Pro Thr Phe Asp Val Lys Val Asp

85

Val Glu Lys Asp Glu Glu Gly
100

Ser Thr Ile Lys Glu Leu Glu
115

His Tyr Arg Lys Ile Tyr Ser
130 135

1le Leu Asn Leu Tyr His Trp
145 150

Ile Ala Val Arg Lys Leu Gly
165

Asp Glu Lys Thr Val Val Glu
180

Tyr His Leu Asp Asp Leu Val
195

Asn Val Val Tyr Asn Gln Gly
210 215

Pro Gly Tyr Leu Ser Phe Glu
225 230

90

95

Asn Ile Tle Ser Val Asp Val Pro Glu

105

Lys 1le Ala Asn
120

Asp Trp Lys Glu

Pro Leu Pro Leu
155

Pro Asp Ala Ala
170

Phe: Val lys Phe
185

Asp Met Trp Ser
200

Ty Tle Asn Leu

Ala Ala Glu Lys

235

25

110

Met Glu Ala
125

Arg Gly Lys
140

Trp Ile His

Pro Ala Gly

Ala Ala Phe
190

Thr Met Asn
205

Arg Ser Gly
220

Leu Glu

Thr Phe

Asp Pro

160

Trp Leu

175

Val Ala

Glu Pro

Phe Pro

- Ala Lys Phe Asn Leu

240
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[0009]

Ile Gln Ala His Ile Gly Ala Tyr Asp

Lys

Glu

Phe

Asn

305

Pro

Ser

Leu

His
385

Gly

245

Ser Val Gly Val Ile Tyr
260

Glu Tyr Lys Asp Glu Val
275

Val Thr Tle Leu Hig Ser
290 295

Tyr Tyr Ser Arg Leu Val
310

Leu Pro Gly Tyr Gly Phe
325

Gly Arg Pro Ala Ser Asp
340

Glu Asn
355

Leu Leu Lys Tyr

Ile Thr Glu Asn Gly Met
370 375

Tyr Leu Val Ser His Leu
390

Ala Asp Yal Arg Gly Tyr

Ala Phe

265

Glu Glu

280

Lys 6ly

Tyt Gly

Met Ser

Lew Asn

360

Ala Asp

Lys Ala

Leu His

26

Ala Tle Lys Glu Tyr Ser
250 255

Ala Trp His Asgp Pro
270

Lle Arvg Lvs Lys Asp Tyr
285

Lys Leu Asp Trp Tle Gly
300

Ala Lys Asp Gly His Leu

315

Glu Arg Gly Gly Phe Ala

330 335

“Trp Glu Met Tyr Pro Glu

350

Asty Ala Tyr Glu Leu Pro
365

Ala Ala Asp Arg Tyr Arg
380

Val Tyr Asn Ala Met Lys
395

Trp Ser Leu Thr Asp Asn

Glu

Leu Ala

Val

Val
320

Lys

Gly

Met

Pro

Glu
400

Tyr
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[0010]

405 410

Glu Trp Ala Gln Gly Phe Arg Met Arg Phe Gly Leu Val
420 425

Phe Glu Thr Lys Lys Arg Tyr Leu Arg Pro Ser Ala Leu
435 440 445

Glu Ile Ala Thr Gluo Lys Glu Ile Pro Glu Glu Leu Ala
450 455 460

Asp Leu Lys Phe Val Thr Arg Lys
465 470

210> 10
211> 472
212> PRT
213>  SRIVHIERE (Pyrococcus furiosus) RZ20A

<400> 10

Ala Lys Phe Pro Lys Asn Phe Met Phe Gly Tyr Ser Trp

1 5 10

Gln Phe Glu Met Gly Leu Pro Gly Ser Glu Val Glu Ser
20 25

Val Trp Val His Asp Lys Glu Asn Ile Ala Ser Gly lLeu
35 40 45

Asp Leu Pro Glu Asn Gly Pro Ala Tyr Trp His Leu Tyr
50 55 60

27

415

Tyr Val Asp
430

Val Phe Arg

His Leu Ala

Ser Gly Phe

15

Asp Trp Trp
30

Val Ser Gly

Lys Gln Asp
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[0011]

His Asp 1le
65

Glu Trp Ala

Val Glu Lys

Ser Thr 1le
115

His Tyr Arg
130

Ile Leu Asn
145

Ile Ala Val

Asp Glu Lys

Ala Glu

Arg 1le
85

Asp Glu
100

Lys Glu

Lys Ile

Leu Tyr

Arg Lys

165

Thr Val
180

Tyr His Leu Asp Asp

195

Asn Val Val
210

Pro Gly Tyr Leu Ser Phe Glu
230

225

Tyr Asn Gln Gly

Lys Leu Gly Met

70

Phe Pro Lys Pro

Glu Gly Asn lle

105

Leu Glu Lys 1le

120

Tyr Ser Asp Trp

Leu - Gly

Val Glu

Leu Val

135

His Trp Pro Leu
150

Pro Asp

Phe Val
185

Asp Met
200

Tyr 1le
215

Ala Ala

28

Asp

Thr

90

Ile

Ala

Lys

Pro

Arg

170

Lys

Trp

Asn

Glu

Cys

75

Phe

Ser

Asn

Glu

Leu

155

Ala

Phe

Ser

Leu

Lys
235

Ile Arg Gly

Asp Val Lys

Val Asp Val
110

Gly Tle
80

Val Asp
95

Pro Glu

Met Glu Ala Leu Glu

125

Arg Gly Lys
140

Trp lle His

Pro Ala Gly

Ala Ala Phe

190

Thr Met
205

Asn

Ala Ser
220

Gly

Ala Lys Phe

Thr Phe

Asp Pro
160

Trp Leu

175

Val Ala

Glu Pro

Phe Pro

Asn Let
240
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[0012]

Ile Gln Ala His Ile
245

Lys Ser Val Gly Val
260

Glu Glu Tyr Lys Asp

275

Phe Val Thr Tle Leu

290

Asn Tyr Tyr Ser Arg
305

Pro Leu Pro Gly Tyr
325

Ser Gly Arg Pro Ala
340

Leu Glu Asn Leu Leu
355

Tle Tle Thi Glu Asn
370

His Tyr Leu Val Ser
385

Gly Ala Tyr Asp Ala
250

Ile

[le Tyr Ala Phe Ala Try
265

Glu Val Glu Glu Ile Arg
280

His Ser Lys Gly Lys Leu

295

Leu Val Tyr Gly Ala
310

Lys
315

Gly Phe Met Ser Glu Arg
330

Ser Asp Phe Gly Trp Gl
345

[ord

Lys Tyr Leu Asn Asn Ala
360

Gly Met Ala Asp Ala Ala
375

Hig Leu Lys Ala Val Tyr
390 395

29

Lys Glu Tyr Ser Glu

255

Pro Leu Ala

270

His Asp

Lys Lys Asp Tyr Glu
285

Asp Trp Tle Gly Val

300

His Leu Val
320

Asp Gly

Gly Gly Phe Ala Lys

8D g
335

Met Tyr Pro Glu
350

Tyr Glu Leu Pro Met
365

Asp Arg Tyr Arg Pro

330

Asn Ala Met Lys Glu
400
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[0013]

Gly Ala Asp Val Arg Gly Tyr Leu His Trp Ser Leu Thr
405 410

Glu Trp Ala Gln Gly Phe Arg Met Arg Phe Gly Leu Val
420 425

Phe Glu Thr Lys Lys Arg Tyr Leu Arg Pro Ser Ala Leu
435 440 445

Glu Ile Ala Thr Gln Lys Clu Ile Pro Glu Glu Leu Ala
450 455 460

Asp Leu Lys Phe Val Thr Arg Lys
465 470

210> 11

211> 472

212> PRT

213> RPUMHAERIE (Pyrococcus furiosus) Y227F

400> 11
Ala Lys Phe Pro Lys Asn Phe Met Phe Gly Tyr Ser Trp

1 5 10

Gln Phe Glu Met Gly Leu Pro Gly Ser Glu Val Glu Ser
20 25

Val Trp Val His Asp Lys Glu Asn Ile Ala Ser Gly Leu
35 40 45

Asp Leu Pro Glu Asn Gly Pro Ala Tyr Trp His Leu Tyr
50 55 60

30

Asp Asn Tyr
415

Tyr Val Asp
430

Val Phe Arg

His Leu Ala

Ser Gly Phe
15

Asp Trp Trp
30

Val Ser Gly

Lys Gln Asp
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[0014]

His Asp Ile Ala Glu Lys Leu Gly Met Asp Cys [le Arg Gly Gly

65

Glu Trp Ala Arg Tle
85

Val Glu Lys Asp Glu
100

Ser Thr Ile Lys Glu
115

His Tyr Arg Lys 1le
130

Ile Leu Asn Leu Tyr
145

Ile Ala Val Arg Lys
165

Asp Glu Lys Thr Val
180

Tyr His Leu Asp Asp
195

Asn Val Val Tyr Asn
210

Pro Gly Phe Leu Ser

70

Phe Pro Lys Pro Thr
90

Glu Gly Asn Ile

105

Ile

Leu Glu Lys Tle Ala

120

Tyr Ser Asp Trp
135

His Trp Pro Leu Pro
150

Leu Gly Pro Asp Arg
170

Val Glu Phe Val
185

Lys

Leu Val Asp Met

200

Trp

Gl Gly Tyr Ile Asn

215

Phe Glu Ala Ala Glu

31

s Glu Arg Gly Lys

75

Val
95

Phe Asp Val Lys

Ser Val Asp Val
110

Pro

Asn Met Glu Ala Leu
125

Thr
110

Leu Trp Ile His Asp

155

Ala Pro Ala Gly Trp
175

Phe Ala Ala Phe Val
190

Ser Thr Met Asn Glu

205

Leu Arg Ser Gly Phe
220

Lys Ala Lys Phe Asn

Ile

80

Asp

Glu

Glu

Phe

Pro

160

Leu

Ala

Pro

Pro

Leu
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[0015]

225

[le Gln Ala His

Lys Ser Val Gly
260

Glu Glu Tyr Lys
275

Phe Val Thr Ile
290

Asn Tyr Tyr Ser
305

Pro Leu Pro Gly

Ser Gly Arg Pro
340

Leu Glu Asn Leu
355

Ile Ile Thr Glu
370

His Tyr Leu Val

[le
245
Val

Asp

Leu

Arg

Tyr

325

Ala

Let

Asn

Ser

230

236

240

Gly Ala Tyr Asp Ala Ile Lys Glu Tyr Ser Glu

Ile Tyr

Glu Val

His Ser
295

Leu Val
310

Gly Phe

Ser Asp

Lys Tyr

Gly Met

375

His Leu
390

250

Ala Phe Ala Trp His Asp
265

Glu Glu Ile Arg Lys Lys
280 285

Lys Gly Lys Leu Asp Trp
300

Tyr Gly Ala Lys Asp Gly
315

Met Ser Glu Arg Gly Gly
330

Phe Gly Trp Glu Met Tyr
345

Leu Asn Asn Ala Tyr Glu
360 365

Ala Asp Ala Ala Asp Arg
380

Lys Ala Val Tyr Asn Ala
395

32

255

Pro Leu Ala
270

Asp Tyr Glu

Ile Gly Val

His Leu Val
320

Phe: Ala Lys
335

Pro Glu Gly
350

Leu Pro Met

Tyr Arg Pro

Met Lys Glu
400
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[0016]

Gly Ala Asp Val Arg Gly Tyr Leu His Trp Ser Leu Thr Asp Asn Tyr
405 410 415

Glu Trp Ala Gln Gly Phe Arg Met Arg Phe Gly Leu Val Tyr Val Asp
420 425 430

Phe Glu Thr Lys Lys Arg Tyr Leu Arg Pro Ser Ala Leu Val Phe Arg
435 440 445

Glu Ile Ala Thr Gln Lys Glu Ile Pro Glu Glu Leu Ala His Leu Ala
450 455 460

Asp Leu Lys Phe Val Thr Arg Lys
465 470

210> 12

Q211> 472

{212> PRT

213>  FEFER B (Pyrococeus furiosus) RITOA/Y227F

400> 12
Ala Lys Phe Pro Lys Asn Phe Met Phe Gly Tyr Ser Trp Ser Gly Phe

1 3 10 15

Gln Phe Glu Met Gly Leu Pro Gly Ser Glu Val Glu Ser Asp Trp Trp
20 25 30

Val Trp Val His Asp Lys Glu Asn Ile Ala Ser Gly Leu Val Ser Gly
35 40 45

Asp Leu Pro Glu Asn Gly Pro Ala Tyr Trp His Leu Tyr Lys Gln Asp
50 55 60

33
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[0017]

His Asp Tle Ala Glu
65

Glu Trp Ala Arg [le

85

Val Glu Lys Asp Glu

100

Thr Ile Lys Glu
115

Ser

His Tyr Arg Lys Ile

130

[le
145

Leu Asn Leu Tyr

[le Ala Val Arg Lys

165

Asp Glu Lys Thr Val
180

Tyr His Leu Asp Asp
195

Asn Val Val Tyr Asn
210

Lys Leu Gly Met Asp Cys lle Arg Gly Gly

70

Phe Pro

Glu Gly

Leu Glu

Tyr Ser

135

His Trp

150

Leu Gly

Val Glu

Leu Val

Gl Gly
215

Lys Pro Thr Phe Asp Val Lys

Asn Ile Ile Ser Val Asp Val

105

Lys Ile Ala Asn

120

Asp Trp Lys Glu

Pro Leu Pro Leu

Pro Asp Ala Ala Pro Ala Gly

Phe Val Lys Phe

185

Asp Met Trp Ser

200

90

170

75

Val
95

Pro
110

Met Glu Ala
125

Leu

Thr

e

Arg Gly Lys
140

Trp Ile His
155

Trp
175

Ala Ala Phe
190

Val

Thr Met Asn Glu
205

Tyr 1le Asn Leu Arg Ser Gly Phe

34

220

Ile

80

Asp

Glu

Glu

Phe

Pro

160

Leu

Ala

Pro

Pro
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[0018]

Pro Gly Phe Leu Ser
225

Ile GIn Ala His Ile
245

Lys Ser Val Gly Val
260

Glu Glu Tyr Lys Asp
275

Phe Val Thr Ile Leu
290

Asn Tyr Tyr Ser Arg
305

Pro Leu Pro Gly Tyr
325

Ser Gly Arg Pro Ala
340

Leu Glu Asn Leu Leu
355

[le Ile Thr Glu Asn
370

His Tyr Leu Val Ser
385

Phe Glu
230

Ala Ala Glu Lys Ala Lys
235

Gly Ala Tyr Asp Ala Tle Lys Glu

Tle Tyr

Glu Val

His Ser
295

Leu Val
310

Gly Phe

Ser Asp

Lys Tyr

Gly Met

375

His Leu
390

250

Ala Phe Ala Trp His Asp
265

Glu Glu Ile Arg Lys Lys
280 285

Lys Gly Lys Leu Asp Trp
300

Tyr Gly Ala Lys Asp Gly
315

Met Ser Glu Arg Gly Gly
330

Phe Gly Trp Glu Met Tyr
345

Leu Asn Asn Ala Tyr Glu
360 365

Ala Asp Ala Ala Asp Arg
380

Lys Ala Val Tyr Asn Ala
395

35

Phe Asn Leu
240

Tyr Ser Glu
255

Pro Leu Ala
270

Asp Tyr Glu

tle Gly Val

His Leu Val

320

Phe Ala Lys
335

Pro Glu Gly
330

Letu Pro Met

Tyr Arg Pro

Met Lys Glu

400
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[0019]

Gly Ala Asp Val Arg Gly Tyr Leu His Trp Ser Leu Thr Asp Asn Tyr
405 410 115

Glu Trp Ala Gln Gly Phe Arg Met Arg Phe Gly Leu Val Tyr Val Asp
420 4925 430

Phe Glu Thr Lys Lys Arg Tyr Leu Arg Pro Ser Ala Leu Val Phe Arg
435 440 445

Glu Tle Ala Thr Gln Lys Glu Ile Pro Glu Glu Leu Ala His Leu Ala
450 455 460

Asp Leu Lys Phe Val Thr Arg Lys
465 470

210> 13

211> 472

212> PRT

213>  ERFUHERT (Pyrococcus furiosus) R1TOA/R220A

400> 13

Ala Lys Phe Pro Lys Asn Phe Met Phe Gly Tyr Ser Trp Ser Gly Phe
1 5 10 15

Gln Phe Glu Met Gly Leu Pro Gly Ser Glu Val Glu Ser Asp Trp Trp
20 25 30

Val Trp Val His Asp Lys Glu Asn [le Ala Ser Gly Leu Val Ser Gly
35 40 45

Asp Leu Pro Glu Asn Gly Pro Ala Tyr Trp His Leu Tyr Lys Gln Asp

36
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[0020]

50

His Asp Ile Ala Glu
65

Glu Trp Ala Arg Ile
85

Val Glu Lys Asp Glu
100

Ser Thr Ile Lys Glu

115

His Tyr Arg Lys Ile

130

lle
145

Leu Asn Leu Tyr

Ile Ala Val Arg lLys
165

Asp Glu Lys Thr val

180

His Leu Asp Asp
195

Tyr

Asr Val Val Tyr Asn Gln Gly

210

55

Lys Leu Gly
70

Phe Pro Lys

Glu Gly Asn

Leu Glu Lys

120

Ser Asp

135

Tyr

His Pro

150

Trp

Leu Gly Pro

Val Glu Phe

Leu Val Asp

200

Tyr
215

Met Asp Cys

75

Thr Phe
90

Pro

Tle Tle Ser

105

Tle Ala Asn

Lys Glu

Trp

Pro Leu
155

Leu

Ala Ala
170

Asp

Val
185

Lyg Phe

Met

Trp Ser

Tle Asn Leu

37

60

Ile Arg Gly Gly Ile
80

Asp Val Lys Val Asp
95

Val Asp Val Pro Glu
110

Met ‘Glu Ala Leu Glu
125

Arg Gly Lys Thr Phe
140

Trp Tle His Asp Pro
160

Pra Ala Gly Trp leu
175

Ala Ala Phe Val Ala
190

Thr Met Asn Glu Pro
205

Ala Ser Gly Phe Pro
220
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[0021]

Pro
225

Ile

Lys

Glu

Phe

Asn

305

Pro

Ser

Leu

Ile

His

Gly Tyr Leu Ser Phe Glu Ala Ala Glu Lys Ala Lys Phe Asn
230 235

Gln Ala His Ile Gly Ala Tyr Asp Ala Ile Lys Glu Tyr Ser
245 250 255

Leu
240

Glu

Ser Val Gly Val Ile Tyr Ala Phe Ala Trp His Asp Pro Leu Ala

260 265 270

Glu Tyr Lys Asp 6lu Val Glu Glu Tle Arg Lys Lys Asp Tyr
275 280 285

Val Thr Ile Leu His Ser Lys Gly Lys Leu Asp Trp Ile Gly
290 295 300

Tyr Tyr Ser Arg Leu Val Tyr Gly Ala Lys Asp Gly His Leu
310 315

Leu Pro Gly Tyr Gly Phe Met Ser Glu Arg Gly Gly Phe Ala
325 330 335

Gly Arg Pro Ala Ser Asgp Phe Gly Trp Glu Met Tyr Pro Glu
340 345 350

Glu Asn Leu Leu Lys Tyr Leu Asn Asn Ala Tyr Glu Leu Pro |

355 360 365

Ile Thr Glu Asn Gly Met Ala Asp Ala Ala Asp Arg Tyr Arg
370 375 380

Tyr Leu Val Ser His Leu Lys Ala Val Tyr Asn Ala Met Lys

38

Glu

Val

Val

320

Lys

Gly

Pro

Glu
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[0022]

385 390 395 400

Gly Ala Asp Val Arg Gly Tyr Leu His Trp Ser Leu Thr Asp Asn Tyr
405 410 415

Glu Trp Ala Gln Gly Phe Arg Met Arg Phe Gly Leu Val Tyr Val Asp
420 495 430

Phe Glu Thr Lys Lys Arg Tyr Leu Arg Pro Ser Ala Leu Val Phe Arg
435 440 445

Glu Ile Ala Thr Glo Lys Glu Ile Pro Glu Glu Leu Ala His Leu Ala
450 455 460

Asp Leu Lys Phe Val Thr Arg Lys
465 470

210> 14

211> 472

212> PRT

213> IRIIERE (Pyrococcus furiosus) RITOA/R220A/Y227F

400> 14
Ala Lys Phe Pro Lys Asn Phe Met Phe Gly Tyr Ser Trp Ser Gly Phe

1 5 10 15

Gln Phe Glu Met Gly Leu Pro Gly Ser Glu Val Glu Ser Asp Trp Trp
20 25 30

Val Trp Val His Asp Lys Glu Asn Ile Ala Ser Gly Leu Val Ser Gly
35 40 45

39
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[0023]

Asp Leu Pro
50

His Asp lle
65

Glu Trp Ala

Val Glu Lys

Ser Thr Ile
115

His Tyr Arg

130

Ile Leu Asn
145

Ile Ala Val

Asp Glu Lys

Tyr His Leu
195

Asn Val Val
210

Glu Asn

Ala Glu

Arg Tle
85

Asp 6lu
100

Lys Glu

Lys lle

Leu Tyr

Arg Lys

165

Thr Val
180

Asp Asp

Tyr Asn

Gly Pro
65

Lys Leu
70

Phe Pro

Glu Gly

Leu Glu

Tyr Ser
135

His Trp

150

Leu Gly

Val Glu

Leu Val

Gln Gly
215

Ala Tyr Trp His

Gly Met Asp Cys
5

Lys Pro Thr Phe
90

Asn 1le Tle Ser
105

Lys Ile Ala Asn
120

Asp Trp Lys Glu

Pro Leu Pro Leu

1565

Pro Asp Ala Ala
170

Phe Yal Lys Phe
185

Asp Met Trp Ser
200

Tyr Ile Asn Leu

40

Leu

60

Tyr Lys Gln

Ile Arg Gly Gly

Val Lys Val

95

Asp

Val Val Pro

110

Asp

Gl Ala Leu

125

et

Arg Gly Lys Thr

140

Trp Ile His Asp

Pro Ala Gly Trp

175

Ala Ala Phe Val

190

Thr Met

205

Asn Glu

Ala Ser Gly Phe
220

Asp

Ile

80

Asp

Glu

Phe

Pro

160

Leu

Ala

Pro

Pro
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[0024]

Pro Gly Phe Leu
225

Ile Gln Ala His

Lys Ser Val Gly
260

Glu Glu Tyr Lys

275

Phe Val Thr Ile
290

Asn Tyr Tyr Ser
305

Pro Leu Pro Gly

Ser Gly Arg Pro
340

Ser

[Te

245

Val

Asp

Leu

Arg

Tyr

325

Ala

Phe Glu Ala Ala Glu Lys

235

Gly Ala Tyr Asp Ala Ile

250

Ile Tyr Ala Phe Ala Trp

265

Glu Val Glu Glu Ile Arg

280

His Ser Lys Gly Lys Leu

Leu Val Tyr Gly Ala Lys

315

Gly Phe Met Ser Glu Arg

330

Ser Asp Phe Gly Trp Glu

345

Leu Glu Asn Leu Leu Lys Tyr Leu Asn Asn Ala

355

360

Ala Lys

Lys Glu

His Asp

Lys Lys

285

Asp Trp

300

Asp Gly

Gly Gly

Met Tyr

Tyr Glu
365

Ile Ile Thr Glu Asn Gly Met Ala Asp Ala Ala Asp Arg

370

41

330

Phe Asn Leu
240

Tyr Ser Glu
255

Pro Leu Ala
270

Asp Tyr Glu

Ile Gly Val

His Leu Val
320

Phe Ala Lys

YOy
335

Pro Glu Gly
350

Leu Pro Met

Tyr Arg Pro
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[0025]

His Tyr Leu Val Ser His Leu Lys Ala Val Tyr Asn Ala Met Lys Glu
385 390 395 400

Gly Ala Asp Val Arg Gly Tyr Leu His Trp Ser Leu Thr Asp Asn Tyr
405 410 415

Glu Trp Ala Gln Gly Phe Arg Met Arg Phe Gly Leu Val Tyr Val Asp
420 425 430

Phe Clu Thr Lys Lys Arg Tyr Leu Arg Pro Ser Ala Leu Val Phe Arg
435 440 445

Glu Ile Ala Thr Gln Lys Glu Ile Pro Glu Glu Leu Ala His Leu Ala
450 455 460

Asp Leu Lys Phe Val Thr Arg Lys
465 470

210> 15
211> A72
<212> PRT

213>  ERFUHAIRE (Pyrococeus furiosus) R1TOA/R220A/Y22TE CHATRERLALLY &)

400> 15

Ala Lys Phe Pro Lys Asn Phe Met Phe Gly Tyr Ser Trp Ser Gly Phe
1 5 10 15

Gln Phe Glu Met Gly Leu Pro Gly Ser Glu Val Glu Ser Asp Trp Trp
20 25 30

Val Trp Val His Asp Lys Glu Asn Ile Ala Ser Gly Leu Val Ser Gly
35 40 45

42
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[0026]

Asp Leu Pro Glu Asn

50

His Asp Ile Ala Glu

65

Glu Trp Ala Arg

Val Glu Lvs Asp
160

Ser Thr Ile Lys
115

His Tyr Arg Lys
130

Lle Leu Asn Leu
145

Ile Ala Val Arg

Asp Glu Lys Thr
180

Tyr His Leu Asp
195

Asn Val Val Tyr

Lle

85

Glu

Glu

Ile

Tyr

Lys

165

Val

Azp

Asn

Gly Pro Ala Tyr
55

Lys Leu Gly Met
70

Phe Pro Lys Pro

Glu Gly Asn Tle
105

Leu Glu Lys lle
120

Tyr Ser Asp Trp
135

Ilis Trp Pro Leu
150

Leu Gly Pro Asp

Val Glu Phe Val
185

Leu Val Asp Met
200

Gln Gly Tyr Ile

43

Trp Asn Arg Thr
60

Asp Cys Ile Arg

75

Thr Phe Asp Val
90

Ile Ser Val Asp

Ala Asn Met Glu
125

Lys Glu Arg Gly

140

Pro Leu
155

Trp [le

Ala Ala Pro Ala

170

Lys Phe Ala Ala

Trp Ser Thr Met
205

Asti Leu Ala Ser

5 Gln

Gly Gly

Lys Val

95

Val
110

Pro

Ala Leu

Thr

Lys

Ilis

Asp

Trp
175

Gly

Phe
190

Val

Glu

Ksn

Gly Phe

Asp

Ile
80

Asp

Glu

Glu

Phe

Pro

160

Leu

Ala

Pro

Pro
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[0027]

210

215

Pro Gly Phe Leu Ser Phe Glu

225

Ile Gln Ala His

Lys Ser Val Gly
260

Glu Glu Tyr Lys
275

Phe Val Thr 1le
290

Asn Tyr Tyr Ser
305

Pro leu Pro Gly

Ser Gly Arg Pro
340

Leu Glu Asn Leu
355

Ile Ile Thr Glu
370

Val

Asp

Leu

Arg

Tyr

325

Ala

Leu

Asn

230

> Gly Ala

Ile Tyr

Glu Val

Hig Ser

295

Leu Val

310

Gly Phe

Ser Asp

Lys Tyr

Gly Met
375

220

Ala Ala Glu Lys Ala Lys Phe

Tyr Asp

Ala Phe
265

Glu Glu
280

Lys Gly

Tyr Gly

Mot Ser

Phe Gly

345

Leu Asn
360

Ala Asp

44

235

Ala Ile
250

Ala Trp

Ile Arg

Lys Leu

Ala Lys
315

Glu Avg

330

Trp Glu

Asn Ala

Ala Ala

Lys Glu T

His Asp

Lys Lys

Asp
300

285

Trp

Asp Gly

Gly Gly

Met

Tyr

Tyr Glu

365

Pro

270

Asp

Ile

His

Phe

Pro
350

Leu

Asp Arg Tyr

380

Asn Leu
240

Ser Glu
255

Leu Ala

Tyr Glu

Gly Val

Leu Val
320

Ala Lys
335

Glu Gly

Pro Met

Arg Pro
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[0028]

His Tyr Leu Val Ser
385

Gly Ala Asp Val Arg
405

Glu Trp Ala Gln Gly
420

Phe Glu Thr Lys Lys
435

Glu Ile Ala Thr Gln
150

Asp Leu Lys Phe Val
465

210> 16
211> 1380
<212> DNA

His Leir Lys Ala Val Tyr Asn Ala Met Lys Glu
390 395 400

Gly Tyr Leu His Trp Ser Leu Thr Asp Asn Tyr
410 415

Phe Arg Met Arg Phe Gly Leu Val Tyr Val Asp
425 430

Arg Tyr Leu Arg Pro Ser Ala Leu Val Phe Arg
440 445

Lys Glu Tle Pro Glu Glu Leu Ala His Leu Ala
155 160

Thr Arg Lys
470

213> PERPUBIPER B (Pyrococeus furiosus) R170A

<400> 16

gcaaagttee caaaaaactt catgtttgga tattettget ctogtttcca gtttgagaty

goactgccag gaagtgaagt ggaaagegae tggtggotot geettcacga caaggagaac

atdgcatcag gtctagtaag tggagateta ccagagaacyg geccageata ttggeaccete

tataagcaag atcatgacat tgcagaanag ctagpaatge attgtattag aggtggeatt

gagtgppecaa gaattttice aaagecaaca tttgacgtta agptteatet ggaaanggat

gaagaaggca acataatttc cgtagacgtt ccagagagta caatasaaga getagagaaa

45

60

120

180

240

300

360
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attgccaaca tggaggcect tgaacattat cgeaagattt actcagactg gaaggagagg 420
ggecaaaacct tcatattaaa cctetaccac tggectette cattatggat tcatgaccca 480
attgcagtaa ggaaacttgg cccggatgeg getectgeag gatggttaga tgagaagaca 540
gtggtagagt ttgfgaagtt tgccgectte ghtgettate acctigatga cetegttgac 600
atgtggagea caatgaacga accaaacgta gtetacaate aaggttacat taatctacgt 660
tcaggattte cacecaggata tetaagettt gaageageag aaaaggcaaa attcaactia 720
attcaggcte acatcggage atatgatgce atadaagagt attcagaaaa atccgtggga 780
gtgatatacg cotttgettg geacgateet ctageggage agtataangpga tgaagtagag 840
gaaatcagaa Agaaagicta tgagttigta acaattetac actcaaaagy adagetagac 900
tggategpeg taaactacta ctecaggety statatggag ccasagatgs acacctagtt 960

[0029] cetttaccteg gatatgeatt tatgagtpgag agagpaggat ttgcasagte dggaagacet 1020
getagtgact ttggatggga aatgtaccca gagggcetty agaaccttet taagtattta 1080
dacaatgect acgagetace aatgataatt acagagaacg gtatgeccga tgceageagat 1140
agatacagge cacactatet cgtaagecat ctaaaggedg tttacaatge tatgasagaa 1200
gotgctoate ttagaggeta tetccactgg tetetadacag acaactacga atgggeccaa 1260
gootteagga tpagatttgg attggtttac gtggatttcg agacasagaa gagatattta 1320
aggecaageg coetggtatt cagagamata gecactcada aagasattce agaagaatta 1380
210> 17
211> 1416
<212> DNA
213> IRFVHBIRE (Pyrococeus furiesus) R220A
<4007 17

46



FF

.l

3

CN 103687947 B 30/58 T
geaaagttee casaagactt catglttgga tattettggt ctggttteca gtitgagaty 60
geactgccag gaagtgaagt ggaaagegac Tagtesetet gegtteacga -caaggagadc 120
atagcatcag gtetagtaag tggagateta ccagagaacg geccageata ttggeaccte 180
tataageaag atcatgacat tgcagadaag ctaggaatgg attgtattag aggtggcatt 240
gagtgggcaa gaatttttee aaagecaaca tttgacgtta aagttgatgt ggaaaaggat 300
gaagaageca acataatttc cgtagacgtt ceagagagta caatananaga gotagagaaa 360
attgccaaca tggaggeect tgaacattat cgeaagattt actcagacty gadggagagg 420
ggcaaaacct tcatattaaa cetctaccac tggectette cattatggat teatgaccca 480
attgcagtaa ggaaactigg cccggatagg geteetgeag gatggttaga tgagaagaca 540
gtoetagagt ttgtgaagtt tgccgectte gttecttate acctieatea cctegttoace 600

[0030] atgtggagea caatgaacga accaaacgta gtctacaate aaggttacat taatctaget 660
teaggattte caccaggata tetaagettt gaageageag aaaaggcaaa attcaactta 720
atteaggete acateggage atatgatgce ‘ataaaagagt attcagaaaa atcecgtggga 780
gtgatatacg cetttgettyg geacgateet ctageggagy agtataagga tgaagtagag 840
gaaatcagaa agaaagacta tgagttteta acaattctac actcaaaagg aaagetagac 900
tggatcggeg taaactacta ctcecaggele gtatatggag ccasagatge acacetagtt 960
cetttacetg gatatggatt tatgagtgag agagpaggat ttgcaaagtc aggaagacet 1020
getagtgact ttggatggga aatgtaccca gagggeetty agaaccttcet taagtattta 1080
aacaatgeet acgagetace aatgataatt. acagagaacg gltatggecga tgeageagat 1140
agatacaggc cacactatct cgtaagecat ctasaggeag tttacaatge tatgaaagaa 1200
ggtoctgatg ttagagggta tetccactgg tetctaacag acaactacga atgggeceaa 1260

47
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gogtteagea tgagatttgy attgstttac gtggatiteg apdcasagaa gagatattta 1320
aggccaageg ccctggtatt cagagdaata gecactcasa aagagatice agaagaatta 1380
gcteaceteg cagacctcaa atttgttaca agaaag 1416
210> 18
211> 1416
<212> DNA
2137 WZURINERE (Pyrococcus Furiosus) Y227F
400> 18
geaaagttce caasaaaactt catgtttigga tattcttggt ctggtiteca gtitgagate 60
ggactgceag gaagtgaagt ggaaagcgac tggtgegtet gegtteacga caaggagaac 120
atagcatcag gtctagtaag tggagatcta ccagagaacg geccageata ttgegeacete 180
tataagcaag atcatgacat tgcagaaaag ctaggaatgg attgtattag aggtggeatt 240

[0031] ; v . , ; _ _
gagtgggcaa gaatttttee aaagecaaca tttgacgtta aagttgatgt ggaaaaggat 300
gaagaaggea acataatttc cgtagacglit ccagagagta caataasaaga getagagaaa 360
attgecdaca tggaggccct tgaacattat cgeadgattt actcagacty gaaggagagy 420
ggeaaaacct tcatattaaa cetetaccac tggectette cattatggat tcatgaccca 480
attgcagtaa gpaaacttge cceggatagy getectgeag gatggttaga tgagaagaca 540
gtggtagagt ttgtgaagtt tgcegectte gttgettate accttgatga cctegttgac 600
atgtggdgea caatgaacga accaaacgta gtetacaate aasggttacat taatctacgt 660
tcaggattte caccaggatt tetaagettt gampcageag aaasggeaaa attcaactta 720
atteaggete acateggage atatgatgee ataaaagagt attcagaaaa atcegtggga 780
gtgatatacg ccttigetty geacgatect ctageggagy dgtataagga tgaagtagag 840
ganatcagaa agaaagacta tgagtttgta acaattotac actcasaagg aaagetagac 900
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tggatcggeg taaactacta ctecaggetg gtatatggag ccaaagatgg acacctagtt 960
cotttacctg gatatggatt tatgagtgag agaggaggat ttgcaaagtc aggaagacet 1020
getagtgact ttggatggga aatgtaccca gagggeettg agaaccttet taagtattta 1080
aacaatgcecet acgagetace aatgataatt acagagaacg gtatggecga tgeagceagat 1140
agatacagge cacactatet cgtaagecat ctaaaggcag tttacaatge tatgaaagaa 1200
gotgctgate ttagaggeta tetecactee tetctaacag acaactacga atgggcccaa 1260
gopttcagga tgagattteg attggtttac gtegatttcg agacaaagaa gagatattta 1320
aggccaageg cectggtatt cagagaaata gecactcaaa aagaaattce agaagaatta 1380
getcaceteg cagacctceaa atttgttaca agaaag 1416

[0032] <2}Q> L@ .
<Z11> 1416
<212> DNA
213> BREMEHERE (Pyrococcus furiosus) R170A/Y227F
400> 19
gcagagtice caaaanactt catgtitgga tattettggt ctegttteca gtitgagate 60
gpactgecag gaagtgaagt ggaaagegac tggtggatet gggticacga caaggagaac 120
atagcatecag gtetagtaag tggagateta ceagagaacg goccageata ttggcaccte 180
tataagcaag ateatgacat tgecagaasag cltaggaatgg atbgtattag aggtggeatt 240
gagtgggcaa gaatttttcc aaagecaaca tttgacgtta aagtigatgt ggaaaaggat 300
gaagaaggea acataatttic cgltagacgtt ccagagagta caataaaaga gctagagaaa 360
attgccaaca tggaggeccet tgaacattat cgeaagattt actcagactyg gaaggagagg 420
gecaaaaccet tecatattaaa cctetaccac tggectette cattatggat teatgaccea 480
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attgcagtas ggaaacttgy cecggatocy getectecag gatgettaga tgagaagaca. 540
gtoggtagagt ttgtgaagtt tgecgeette gttgettate acettgatga cetegttgac 600
atgtggagea caatgaacga accaaacgta gtctacaate aaggttacat taatctacgt 660
teaggatttc caccaggatt tetaagettt gaagecagcag aaadggraas attcaactta 720
atteaggete acateggage atatgatgee ataasaagagt attceagaaaa atcegtggea 780
gtgatatacg cetttgette geacgateet ctageggage agtataagea tgaagtagag 840
gaaatcagaa agaaagacta fgagtttegta acaattctac actcaannge aaagctagac 900
tggateggcy tasactacta cteecaggetg gtatatggag ccaaagateg acacctagtt 960
cetttacctg gatatgeati tatgagtgag agaggaggat ttgcaaagtc aggaagacct 1020
getagtgact ttggatggga aatgtaccca gagggectty agaaccttet taagtattta 1080

[0033] aacaatgect acgagetace aatgataatt acagagaacg glatggecga tgeageagat 1140
agatacagge cacactatct cgtaagecat ctaaaggeag tttacaatge tatgaaagaa 1200
ggtgeteatg ttagagggta tctcocactgg totetaacag acaactacga atgggeccaa 1260
ggegttcagga tgagatttgg attggtttac gtggattteg agacaaagna gagatattta 1320
aggccaageg cectggtatt cagagaaata gecactcaaa aagaaatice agaagaatta 1380
gcetecaceteg cagacctcaa atttgttaca agaaag 1416
210> 20
211> 1116
212> DM
213> sEFYRHTFRE (Pyrococcus furiosus) RIT0A/R220A/Y227F
<400> 20
geaaagttce caaaaaactt catgtttgga tattcttget ctggttteca gtttgagatg 60
geactgeccag gaagtoadgt ggaaagcgac toetegetet geoticacga caaggagaac 120
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atagcatcag gtctagtaag tggagatcta cecagagaacg geccageata ttggeacete 180
tataagcaag atcatgacat tgeagaaaag ctaggaatgg attgtattag aggtggeatt 240
gagtgegcaa gaatttttee asagecaaca tttgacgtta aagttgatgt ggaaaaggat 300
gaagaaggea acataatttc cgtagacgtt ccagagagta caatasaaga getagagaaa 360
attgccaaca tggaggecct tgaacattat cgeaagattt actcagactg gaaggagagg 420
gocaaaacet tecatattaaa cctetaccac tggeetette cattatggat teatgacceea 480
attecagtaa graaacttgy cccggatgey getectecag gatpgttaga tgagaagaca 540
gtegtagast tigtgaagtt tgcceectte gttgettate acettgatga cetegttoac 600
atgtggagea caatgaacga accaaacgta gtctacaate aaggttacat taatctaget 660
tcaggatttc cdccaggatt tctaagettt gaagcagcdg aanaggcaaa attcaactta 720

[0034] attcaggcte acatcggage atateateoe Atagadgagt attoagaana atccgtoggs 780
gtgatatacg cetttgetty geacgateet ctageggage agtataagga tgaagtagag 340
gaaatcagaa agaaagacta tgagtttgta acaattctac actcaaaagg daagctagac 900
tggateggeg taaactacta ctecaggetg gtatatggag ceaaagatgg acacctagtt 960
cctttacctyg gatatggatt tatgagtgag agaggaggat ttgcaaagte aggaagacct 1020
getagtgact ttggatggea aatgtaccea gagggeetty agaaccttet taagtattta 1080
aacaatgeet acgagetace satgataatt acagagaacg gtatgpcega tgcageagat 1140
agatacagge cacactatet cgtaageeat ctaaagecag tttacaatge tatgaaagsaas 1200
ggtgctgaty ttagagggta tetccactgg tetetaacag acaactacga atgggeccaa 1260
gogtteagga tgagatttes attggtttac gtggattteg agacanagaa gagatattta 1320
aggccaageg ccctggtatt cagagaaata geecacteaaa aagaaatice agaagaatta 1380
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gotcaccteg cagacctcaa atttgttaca agaaag 1416
210> 21
211> 1416
212> DNA
213> BRIVHSERIE (Pyrococeus furiosus) R1TOA/R220A
<400> 21
geaaagttce caaaaaactt catgtttgga tattettggt ctggtttcca gtttgagaty 60
ggactgccag gaagtgaagt ggaaagegac tggtggatst gogttcacga caaggagaac 120
atagcatcag gtctagtaag tggagateta ccagagaacg geccageata ttggeacete 180
tataagcaag atcatgacat tgcagasaag ctaggaatgg attgtattag aggtggeatt 240
gagtgggeaa gaatttttoo aaagecaaca tttpacgtta aagttgatgt ggasaaggat 300

[0035] gaagaaggea acataattte cgtagacgtt ccagagagta caatasaaga gctagagaaa 360
attgccaaca tggaggecet tgaacattat cgeaagattt actcagactg gaaggagagg 420
ggcaaaacct tcatattaaa cctetaccac tggectette cattatggat teatgaccea 480
attgeagtaa ggaaacttgg cocggatgeg geteetgoag gatggttaga tgagaagaca 540
gtggtagagt ttgtgaagtt tgecgectte gttgettate accttgatga cctegttgac 600
atgtggagea caatgaacga accaaacglia gtetacaate aaggttacat taatctaget 660
tecaggatttc caccaggata tetaagetitt gaagcagcag aasaaggcaaa attcaactta 720
attcaggele acategpage atatgatgee ataaaagagt attcagaaaa atccgtgges 780
gtgatatacg cetttgetty geacgateet ctageggagg agtataagga tgaagtagag 840
gaaatcagan agaaagacta tgagtttegta acaattetac actcaaaagg aaagetagac 900
tggatcggeg taaactacta etecaggetg gtatatggag ccaaagatgg acacctagtt 960
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cetttacete gatatggatt tatgagteag agaggaggat ttecaasagte daggaagacet 1020
getagtgaet ttggatggga aatgtaccea gagggeottg agaaccttet taagtattta 1080
gacaatgeet acgagetace aatgataatt acagagaacg gtatggecga tgeagcagat 1140
agatacagge cacactatct cgtaageeat craaaggcag tttacaatge tatgaaagaa 1200
ggtectegaty ttagagggta tetccactgg fotetaacag acaactacga atgggececaa 1260
gggtteagga tgagatttgg attggtttac gtggatttce agacaaagaa gagatattta 1320
aggecaageg ccetgetatt cagagasata gecactcaaa aagaaattee agaagaatta 1380
geteacetceg cagaccteaa atttgttaca agaaag 1416

[0036]

210> 22

211> 481
212> PRT
213>

<400> 22

Thermosphaera aggregans

Met Lys Phe Pro Lys Asp Phe Met 1le Gly Tyr Ser Ser Ser Pro Phe
1 5 10 15

Gln Phe Glu Ala Gly Ile Pro Cly Ser Glu Asp Pro Asn Ser Asp Trp
20 25 30

Trp Val Trp Val His Asp Pro Glu Asn Thr Ala Ala Gly Leu Val Ser
35 40 45

Gly Asp Phe Pro Glu Asn Gly Pro Gly Tyr Trp Asn Leu Asn Gln Asn
50 55 60

Asp His Asp Leu Ala Glu Lys Leu Gly Val Asn Thr Ile Arg Val Gly
65 70 5] 80
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Val Glu Trp Ser Arg Ile Phe Pro Lys Pro Thr Phe Asn Val Lys Val
85 90 95

Pro Val Glu Arg Asp Glu Asn Gly Ser Ile Val His Val Asp Val Asp
100 105 110

Asp Lys Ala Val Glu Arg Leu Asp Glu Leu Ala Asn Lys Glu Ala Val
115 120 125

Asn His Tyr Val Glu Met Tyr Lys Asp Trp Val Glu Arg Gly Arg Lys
130 135 140

Leu Ile Leu Asn Leu Tyr His Trp Pro Leu Pro Leu Trp Leu His Asn
145 150 155 160

[0037]

Pro Ile Met Val Arg Arg Met Gly Pro Asp Arg Ala Pro Ser Gly Trp
165 170 175

Leu Asn Glu Glu Ser Val Val Glu Phe Ala Lys Tyr Ala Ala Tyr Ile
180 185 190

Ala Trp Lys Met Gly Glu Leu Pro Val Met Trp Ser Thr Met Asn Glu
195 200 205

Pro Asn Val Val Tyr Glu Gln Gly Tyr Met Phe Val Lys Gly Gly Phe
210 215 220

Pro Pro Gly Tyr Leu Ser Leu Glu Ala Ala Asp Lys Ala Arg Arg Asn
225 230 235 240
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Met

Lys

Glu

Tyr

Tyr

305

Tyr
[0038] '

His

Asn

Lew

Thr

385

Leu

{le Gln Ala His
245

Lys Pro Val Gly
260

Gly Pro Ala Glu
275

Phe Thr Asp
290

Ile

Leu

Arg Arg Asp

Val
325

Ser Arg Leu

Gly Tyr Gly
340

Phe

Pro Cys Ser Asp
355

Leu Leu lLys 6lu

370

Glu Asn Gly

Val Ser Hig Val

405

Ala Arg
Leu Ile
Val

Phe

Ser

295

Yal

Ala Asn
310

Tyr Lys

Cys

Leu

Phe Gly

Tyr
375

Leu

Ser Asp

390

Tyt Ser

Ala Tyr Asp Asn
250

Tyr Ala Phe Gln
265

Asp Lys Phe Lys
280

Lys Gly Ser Ser |

Arg Leu Asp Trp
315

Ile Val Asp Asp
330

Thr Pro Gly Gly
345

Trp Glu Val Tyr
360

Asn Arg Tyr Gly

Ser Arg Asp Ala
395

Ile

Trp

Ser

300

Leu

Lys

Lle

Pro

Val
380

Leu

Phe

Ser

285

Ile

Gly

Pro

Ser

Glu

362

Asp

Arg

s Arg Phe

255

Glu Leu
270

Lys Leu

Asn Val

Val Asn

Ile Ile

335

Pro Ala

350

Gly Leu

Leu 1le

Pro Ala

Leu

Tyr

Tyr
320

Leu

Glu

Tyr

Val

Tyr
400

Val Trp Lys Ala Ala Asn Glu Gly lle

410

55

415



CN 103687947 B F 5 *k

39/58 T

[0039]

Pro Val Lys Gly Tyr Leu His Trp Ser Leu Thr Asp Asn Tyr Glu Trp

420 425 430

Ala Gln Gly Phe Arg Gln Lys Phe Gly Leu Val Met Val Asp Phe Lys
435 440 445

Thr Lys Lys Arg Tyr Leu Arg Pro Ser Ala Leu Val Phe Arg Glu Ile
450 455 460

Ala Thr His Asn Gly Ile Pro Asp Glu Leu Gln His Leu Thr Leu Ile
465 470 475 480

Gln

210> 23
211> 25
212> DNA
213> ANLJF4)

<220>
<2235 5l

<400> 23
ttecgaggaaa tagecactea aaaag

210> 24

Q1D 24

<212> DNA
Q213> AT

220>
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[0040]

<400> 24
taccagggeg cttggectta aata

210> 25

ULy 27

<212> DNA
213> AL

<2205
223> Bl

<400> 25
ttecggtgaaa tagecactca aaaagaa

210> 26
211y 24

<212> DNA
@213 NTFEF

920>
223> B

400> 26
taccagggceg cttggeetta aata

210> 27

211> 30
<212> DNA
213> ATJpl

€320>
<2235 BlY

<4007 27

210> 28
2L1> 24
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[0041]

212>
213>

<220>
<223>

<400>

taccagggeg cttggeetta aata

<210>
211>

<2127 ]
213>

220>

223>

400>

514

29

ggattagetc acctegeaga cete

210>
211>
212>
213>

220>
223>

<A00>

30
26

DNA
ATP4)

514

30

aataccaggg cgettggect taaata

210>
211>
212>
213>

400>

geaaagttce caaaaaactt catgtttgga tattetiggt ctggtiteca gtttgagatg

31
1416
DNA

HFUHHERE (Pyrococcus furiosus) R1TOA/R220A/Y227F/RAASE

37

58

24

26
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ggasﬁggcag gaagtgaagt geaaagegac tggteggtetl geettcdcga caaggagdde 120
atagecateag ghctagtadg tggagateta ceagagaacg goccageata tiggeaccete 180
tataagcaag atcatgacat tgeagaasag ctaggaatgg attgtattag aggtggeatt 240
gagtggecaa gaatttttce aaagecaaca tttgacgtta aagttgatgt ggaaaaggat 300
gaagaaggea acataattte cgtagacgtt ccagagagta caataaaaga getagagaaa 360
attgecadea tggaggecet tgaacattat cgeaagattt actcagacty gaaggagagy 420
ggcaaaacct tcatattaaa cetetaccae tggectette cattatggat teatgaccea 480
attgeagtaa ggaaacttgg coecggatgeg getectgrag gatgettaga tgagaagaca 540
gtgotagagt ttgtgaagtt tgccgectte gtigettate accttgatega cotegttrac 600
atgtggagea caaltgdacga. accaadcgta. ghetacaatc aaggttacat taatctaget 660

[0042] tcaggattte caccaggatt tetaagettt gaagcagecag aaaaggeaaa attcaactta 720
attcapggete acatcggage atatgatgec ataaaagagt attcagaaaa atcegtggea 780
gtgatatacg cetttgetty geacgatcet ctageoggagy dgtataagga tgaagtagag 840
gaaatcagaa agaaagacta tgagtttgta acaattetac actcaaaagg aaagetagac 900
tggatcggeg taaactacta cteccaggetg gtatatggag ccaaagatgg acacctagtt 960
cctttacctg gatatggatt tatgagtgag agaggaggat ttgcaamagtc aggaagacct 1020
getagtgact ttgeatggea aatgtaccea gaggpecttg agaaccttet taagtattta 1080
aacaatgcect acgagetace aatgataatt acagagaacg gtatggccga tgcageagat 1140
agatacagge cacactatct cgtaagccat ctasaggcag tttacaatge tatgaaagaa 1200
gotgetgatg ttagaggota tetecactgg tetetaacag acaactacga atgggeccaa 1260
gggttcagga tgagatttgg attggtttac gtggattiteg agacaaagaa gagatattta 1320
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aggecaageg ccctgetatt cgaggasata gecacteann sagaaattee agaagaatta 1380
geteaccteg cagaccteaa atttgttaca agnaag 1416
210> 32
Q11> 1416
212> DNA
213> sFUHMERE (Pyrococcus furiosus) R1T0/R220A/Y227F/R448G
400> 32
gcaaagttec caaaaaactt catgtttgga tattcttget ctggtttcca gtttgagats 60
ggactgecag gaagtgaagt ggaaagegac tggteggtet gegticacga caaggagaac 120
atagcatcag gtctagtaag tggagatcta ccagagaacg geccagcata ttggeaccte 180
tataagcaag atcatgacat tgcagaaaag ctaggaatge attgtattag aggtggeatt 240
gagtgggeaa gaatttttce aaagecaaca tttgacgtta aagttgatgt ggaaaaggat 300

[0043] - o _ : ; _ . Y
gaagaaggea acataattte cgtagacgtt ccagagagta caataaaaga getagagaaa 360
attgecaaca tggaggecet tgaacattat cgeaagattt adcteagacty gaaggagagg 420
ggcaaaacet tcatattaaa cctetaccae tggectette cattatggat teatgaceca 480
attgcagtaa ggaaactteg cecggatgee getectgeag gatggtiaga tgagaagaca 540
gtoggtagagt ttgtgaagtt tgecegcette gttgettate accttgatga cotegttgac 600
atgtepagea caatgaacga accaaacgta gtetacaate aaggttacat taatetaget 660
tcaggattte caccaggatt tetaagCttt gaageagedg aanaggcaaa attcaactta 720
attcaggete acatcggage atatgatgee ataaaagagt attcagaaaa atcegtggga 780
gtgatatacg cetttgette geacgatect ctagegpage dgtataagga tgaagtagag 840
gaaatcagaa agaaagacta tgagtttgta acaattetac detcaaaagg aasagetagac 900
tggategeeg tasactacta ctecaggetyg gtatategag ccaaagatyg acacetagtt 960
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cetttacctg gatatggatt tatgagtgag agaggaggat ttgcaaagtc aggaagacet 1020
getagtgact ttggatggga aatgtaccca gagggcettg agaaccttct taagtattta 1080
aacaatgceet acgagetace aatgataatt acagagaacg gtatggecga tgeageagat 1140
agatacagge cacactatcet cgtaagecat ctaaaggcag tttacaatge tatgaaagaa 1200
gotgctgate ttagaggeta tetecactee tetctaacag acaactacga atgggcccaa 1260
gopttcagga tgagattteg attggtttac gtegatttcg agacaaagaa gagatattta 1320
aggccaageg cectggtatt cggtgaaata gecactcaaa aagaaattce agaagaatta 1380
getcaccteg cagaccteaa atttgttaca agasag 1416
210> 33
211> 1416

[0044] <212> DNA . . . B,
213> BRZUMEHERE (Pyrococcus furiosus) R170/R220A/Y227F/E449R
<400> 33
geaaagttee caaaaaactt catgtttgga tattcttggt ctggttteca gtttgagatg 60
ggactgecag gaagtgaagt ggasagegac tggteggtet sggticacga caaggagaac 120
atagcatcag gtetagtaag tggagateta ccagagaacg geccageata ttggeaccte 180
tataagcaag ateatgacat tgcagaasag cltaggaatgg atbgtattag aggtggcatt 240
gagtgggcaa. gaatttttce asagecasca titgacgtta aagtigatgl ggasaaggat 300
gaagaaggea acataatttic cgltagacgtt ccagagagta caataaaaga gctagagaaa 360
attgccaaca tggaggeccet tgaacattat cgeaagattt actcagactyg gaaggagagg 420
gegcaaaacct tcatattaaa cctetaccac tggectette cattatggat teatgaccca 480
attgcagtaa ggaaacttgg ccecggatgeg getecetgeag gatggttaga tgagaagaca 540
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gtegtagagt ttgtgangtt tgcegoette gttecttate acettgatyga cetegttgae 600
datgtggagea caatgaacga accaaacgta gtetdcaate aaggttacat taatcetaget 660
tcaggattte caccaggatt totaagettt gaageageas aasaggceaan attcagctta 720
attcaggete acatcggage atatgatgee ataaaagagt attcagaaaa atecgtegea 780
gtgatatacg cctttgetty geacgatect ctageggagg agtataagga tgaagtagag 840
gaaatcagaa agaaagacta tgagttteta acaattctac actcagaagy aaagctagac 900
tgpategece taaactacta ctecaggete gtatategae ceasagatge acacctagtt 960
cetttacety gatatggatt tatgagtgag agaggaggat ttgeasagte aggaagacct 1020
getagtgact ttggatsgega asatgtacccd gagggectte agadccttet taagtattta 1080
aacaatgeet acgagetace aatgataatt acagagaacg gltatggcega tgecageagat 1140

[0045] agatacaggc cacactatct cgtaagecat ctaaaggcag titacaatge tatgasagaa 1200
ggtgctgatg ttagagggta tctececactgg tetetaacag acaactacga atgggeecaa 1260
ggettcagga tgagatttgg aftggtttac gtggatttcg agacaaagaa gagatattta 1320
aggecaageg cectggtatt cagaaggata geeactcana aagaaattoe agaagaatta 1380
getcaccteg cagaccteaa atttgttaca agaaag 1416
210> #A
211> 1416
212> DNA
213>  PEZUHIERE (Pyrococcus furiesus) R170/R220A/Y227E/EA59G
400> 34
gecaaaglttce caaaaaactt catgtttgpd tattetiget ctggttteca gttigagaty 60
ggactgecag gaagtoadgt ggaaagegac tegtgeetot gggticacga caaggdgaac 120
atageatcag gtetagtaag tggagateta ccagagaacg goccageata ttggeacete 180
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tataagcaag atcatgacat tgcagaaaag ctaggaatgg attgtattag aggtggeatt 24@
gagtggecaa gaatttttec aasagecaaca ttigacgtta aagttgatgt ggaaaaggat 300
gaagaaggca acataatttc cgtagacgtt ccagagagta caataaaaga getagagaaa 360
attgecaaca tggaggeeet tgaacattat cgeaagattt actcagactg gaaggagagg 420
gocaaaacct tecatattaaa cotetaccac tggeetette cattatggat tecatgaccca 480
attgcagtaa ggaaacttgg ccecggpatgeg getectgeag gatggttaga tgagaagaca 540
gtggtagagt ttgtgaagtt tgccgcette gttgettate acettgatga cetegttgac 600
atgtggagca caatgaacga accaaacgta gtetacaatc aaggttacat taatctagcet 660
tcaggatttc caccageatt fctaagcettt padgragcag aaaaggcaaa attcaactta 720
attcaggetce acateggage atatgatgcce ataaaagagt attcagaaaa atccgtggga 780

[0046] gtgatatacg cetttgettg geacgateet ctageggage agtataagga tgaagtagag 840
gaaatcagaa agaaagacta tgagtttgta acaattctac actcaadagg daagetagac 900
tggatcggeg taaactacta ctocaggetyg gtatatggag ccaaagatgg acacctagtt 960
cotttacctg gatatggatt tatgagtgag agaggaggat ttgecaaagte aggaagacet 1020
getagtgact ttggatggga datgtaccea gagggectty agaaccttet taagtattta 1080
aacaatgeet acgagetace aatgataatt acagagaacg gtatgecega tgeageagat 1140
agatacagge cacactatct cgtaageeat ctaasggecag tttacaatge tatgaaagaa 1200
getgetgate ttagaggeta tetecactug tetetascsg acaactacga atgggeccaa 1260
ggettcagea tgagatttgg attggtttac gtegatttcs agacaaagaa gagatattta 1320
aggecaageg ccetggtatt cagaganata gecactcasa aagasattee agaaggatta 1380
geteaceteg cagaceteaa atttgttaca agasag 1416
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[0047]

<210> 35
2ll> 472
<212> PRT

213> BRZUEERTE (Pyrococcus furiosus) R170A/R220A/Y227F/R448E

400> 35

Ala Lys Phe Pro Lys Asn Phe Met Phe Gly Tyr
1 5 10

Gln Phe Glu Met Gly Leu Pro Gly Ser Glu Val

20 25

Val Trp Val His Asp Lys Glu Asn Tle Ala Ser
35 40

Asp Leu Pro Glu Asn Gly Pro Ala Tyr Trp His
50 55

His Asp [le Ala Glu Lys Leu Gly Met Asp Cys
65 70 5

Glu Trp Ala Arg Ile Phe Pro Lys Pro Thr Phe
85 90

Val Glu Lys Asp Glu Glu Gly Asn [le Ile Ser
100 105

Ser Thr Ile Lys Glu Leu Glu Lys [le Ala Asn
115 120

His Tyr Arg Lys Ile Tyr Ser Asp Trp Lys Glu

64

Ser Trp Ser Gly Phe
15

Glu Ser Asp Trp Trp
30

Gly Leu Val Ser Gly

45

Leu Tyr Lys Gln Asp

60

Ile Arg Gly Gly Ile
80

Asp Val Lys Val Asp

95

Val Asp Val Pro Glu
110

Met Glu Ala Leu Glu
125

Arg Gly Lys Thr Phe
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[0048]

130

Lle
145

Let Asn Leu

Ile

Ala Val Arg

Glu Lys Thr
180

Asp

His Leu Asp
195

Tyr

Val Val Tyr
210

Asn

Pro Gly Phe Leu

225

Tle Gln Ala His

Lys Ser Val Gly

260

Glu
275

Phe Val Thr lle

290

Glu Tyr Lys !

Tyr

Lys
165

Val

Asp

Asn

Ser

Tle

245

Val

Leu

His Trp Pro Leu
150

Leu Gly Pro Asp

Val Glu Phe Val
185

Leu Val Asp Met
200

Gln Gly Tyr lle
215

Phe Glu Ala Ala
230

Gly Ala Tyr Asp

1le Tyr Ala Phe
265

Glu Val Glu Glu
280

His Ser Lys Gly
295

65

Pro Leu
155

Ala Ala
170

Lys Phe

Trp Ser

Asn Leu

Glu Lys

235

Aa Tle

250

Ala Trp

Ile Arg

Lys Leu

140

Trp Ile His

Pro Ala Gly ’

Ala Ala Phe
190

Thr Met Asn

205

Ala Ser
220

Gly

Ala Lys

Ty]"

Lys Glu

Pro
270

His Asp

Lys Lys Asp

285

Asp Trp lle

300

Phe

Pro
160

Asp

Irp Leu

175

Val

Glu Proe

Phe Pro

Asn Leu
240

Ser Glu

255

Leu Ala

Tyr Glu

Gly Val
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Asn Tyr Tyr Ser Arg Leu Val Tyr Gly Ala Lys Asp Gly His Leu Val
305 310 315 320

Pro Leu Pro Gly Tyr Gly Phe Met Ser Glu Arg Gly Gly Phe Ala Lys
325 330 335

Ser Gly Arg Pro Ala Ser Asp Phe Gly Trp Glu Met Tyr Pro Glu Gly
340 345 350

Let Glu Asn Leu Len Lyvs Tyr Leu Asn Asn Ala Tyvr Glu Leu Pro Met
355 360 365

Ile Tle Thr Glu Asn Gly Met Ala Asp Ala Ala Asp Arg Tyr Arg Pro
370 375 380

[0049] His Tyr Leu Val Ser His Leu Lys Ala Val Tyr Asn Ala Met Lys Glu
385 390 395 400

Gly Ala Asp Val Arg Gly Tyr Leu His Trp Ser Leu Thr Asp Asn Tyt
405 410 415

Glu Trp Ala Gln Gly Phe Arg Met Arg Phe Gly Leu Val Tyr Val Asp
420 425 430

Phe Glu Thr Lys Lys Arg Tyr Leu Arg Pro Ser Ala Leu Val Phe Glu
435 440 445

Glu Ile Ala Thr Gln Lys Glu Ile Pro Glu Glu Leu Ala His Leu Ala
150 155 160

Asp Leu Lys Phe Val Thr Arg Lys

66
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[0050]

465 470

210> 36
211> 472
212> PRT

213>  SRFUINERTE (Pyrococcus furiosus) R1TOA/RZ20A/Y227F/RA48G

<400> 36
Ala Lys Phe Pro Lys Asn Phe Met Phe Gly Tyr

1 ) 10

Gln Phe Glu Met Gly Leu Pro Gly Ser Glu Val
20 25

Val Trp Val His Asp Lys Glu Asn Ile Ala Ser
35 40

Asp Leu Pro Glu Asn Gly Pro Ala Tyr Trp His
50 55

His Asp lle Ala Glu Lys Leu Gly Met Asp Cys
65 70 75

Glu Trp Ala Arg Ile Phe Pro Lys Pro Thr Phe
85 90

Val Glu Lys Asp Glu Glu Gly Asn Ile Ile Ser
100 105

Ser Trp

Glu Ser

Gly Leu

Leu Tyr

60

Ile Arg

Asp Val

Val Asp

Ser Gly Phe
16

Asp Trp Trp

30

Val Ser Gly

Lys Gln Asp

Gly Gly Ile
80

Lys Val Asp
95

Val Pro Glu
110

Ser Thr Tle Lys Glu Leu Glu Lys Ile Ala Asn Met Glu Ala Leu Glu

115 120

67
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[0051]

His Tyr Arg Lys
130

Ile Leu Asn Leu
145

Tle Ala Val Arg

Asp Glu Lys Thr
180

195

Asn Val Val Tyr
210

Pro Gly Phe Leu
225

Ile Gln Ala His

Iys Ser Val Gly

260

Glu Glu Tyr Lys
275

Phe Val Thr 1le
290

Tle Tyr Ser
135

Tyr His Trp
150

Lys Teu Gly
165

Val Val Glu

Asp Leu Val

Asn Gln Gly
215

Ser Phe Glu
230

1le Gly Ala

245

Val Tle Tyr

Asp Glu Val

Leu Hig Ser

Asp Trp Lys Glu Arg Gly

140

Pro Leu Pro Leu Trp Ile

Pro Asp Ala Ala

170

155

Phe Val Lys Phe

185

Asp Met Trp Ser

200

Tyr Tle Asn lLeu

Ala Ala Glu Lys

235

Tyr Asp Ala lle

Ala Phe Ala Trp
265

Glu Glu lle Arg

280

Lys Gly Lys Leu

68

250

Pro Ala

Ala Ala

Thr Met
205

Lys Glu

His Asp

Lys Lys
285

Asp Trp
300

Lys Thr

His Asp

Gly Trp
175

Phe Val
190

Asn. Glu

Gly Phe

Phe Asn

Tyr Ser
255

Pro Teu
270

Asp Tyr

Ile Gly

Phe

Pro

160

leu

A la

Pro

Pro

Leu

240

Glu

Ala

Glu

Val
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[0052]

Asn Tyr Tyr Ser Arg Leu Val Tyr Gly Ala Lys Asp Gly

305

Pro Leu Pro Gly
325

Ser Gly Arg Pro Ala

340

Glu Asn Leu Leu

355

Leu

Ile Thr Glu
370

[le

His
385

Tyr Leu Val

Gly Ala Asp Val

405

Glu Trp Ala Gln

420

Phe Glu Thr Lys

435

Glu Tle Ala Thr Gln
450

310

Tyr Gly Phe Met Ser

Ser Asp Phe Gly
345

Lys Tyr Leu Asn
360

Asn Gly Met Ala Asp

375

Ser His Leu Lys Ala Val Tyr

390

Arg Gly Tyr Leu His

Gly Phe Arg Met Arg

425

Lys Arg Tyr Leu Arg

440

Lys Glu Ile Pro
455

69

315

Glu Arg Gly Gly
330

Trp Glu Met Tyr

Asn Ala Tyr 6lu
365

Ala Ala Asp Arg
380

Asn Ala
395

Trp Ser
410

Phe Gly Leu Val

Ala Leu
445

Pro Ser

Glu Glu
460

Leu Thr

His Leu

Phe Ala
335

Pro Glu
350

Leu Pro

Tyr Arg

Met Lys

Asp Asn
415

Tyr Val
430

Val Phe

Val

320

Lys

Gly

Met

Pro

Glu

400

Tyr

Asp

Gly

Leu Ala His Leu Ala
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[0053]

Asp Leu Lys
465

210> 37
L 472
212> PRT

Phe Val Thr Arg Lys
470

<O13>  BRFULHIIRET (Pyrococcus furiosus) R1TOA/R220A/Y227F/FA49R

<400> 37
Ala Lys Phe

1

Gln Phe Glu

Val Trp Val
35

Asp Leu Pro
50

His Asp Ile

65

Glu Trp Ala

Val Glu Lys

Ser Thr 1le
115

Pro Lys Asn Phe Met

o

J

Met Gly Leu Pro Gly
20

His Asp Lvs Glu Asn
40

Glu Asn Gly Pro Ala

bb

Ala Glu Lys Leu Gly
70

Arg Ile Phe Pro Lys
85

Asp Glu Glu Gly Asn
100

Lys Glu Leu Glu Lys
120

Phe Gly Tyr Ser Trp Ser Gly Phe
10 15

Ser Glu Val Glu Ser Asp Trp Trp
25 30

Tle Ala Ser Gly Leu Val Ser Gly
45

Tyr Trp His Leu Tyr Lys Glu Asp
60

Met Asp Cys Ile Arg Gly Gly Ile
5 80

Pro Thr Phe Asp Val Lys Val Asp
90 95

Ile Tle Ser Val Asp Val Pro Glu
105 110

Ile Ala Asn Met Glu Ala Leu Glu
125

70
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[0054]

Hig

Ile

145

Tle

Asp

Asn

Pro

225

Ile

Lis

Glu

Phe

Tyr Arg

130

Leu Asn

Ala Val

Glu Lys

Hig Leu

195

Val Val

210

Gly Phe

Gln Ala

Ser Val

Glu Tyr
275

Val Thr

Tyr Ser
135

Lys Lle

Leu Tyr
150

Arg Lys Leu Gly

165

Thr Val
180

Val Glu

Leu Yal

Asp Asp

Gln -Gly
215

Tyr Asn

Asp Trp

Hig Trp Pro Leu

Pro Asp

Phe Val
185

Asp Met
200

Tyr Tle

Lys Glu

Pre Leu

155

Ala Ala
170

Lys Phe

Trp Ser

Asn Leu

Leu Ser Phe Glu Ala Ala Glu Lys

230

Hig Tle Gly Ala

245

Gly Val Ile Tyr

260

Lys Asp Glu Val

Ile Leu Hig Ser

Tyr Asp

Ala Phe
265

Glu Glu
280

Lys Gly

71

235

Ala Tle

250

Ala Trp

Tle Arg

Lys Leu

Arg Gly Lys Thr
140

Trp 1le His Asp

Pro Ala Gly Trp
175

Ala Ala Phe Val
190

Thr Met. Asn Glu
205

Ala Ser Gly Phe
220

Ala Lys Phe Asn

Lys Glu Tyr Ser
255

Hig Asp Pro Leu
270

Lys Lys Asp Tyr
285

Asp Trp Ile Gly

Phe

Pro
160

Leu

Ala

Pro

Pro.

Leu

240

Glu

Ala

Glu

Val
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[0055]

290

Asn Tyr Tyr Ser Arg
305

Pro Leu Pro Gly Tyr
325

Ser Gly Arg Pro Ala
340

Leu Glu Asn Leu Leu
355

Ile Ile Thr Glu Asn
370

His Tyr Leu Val Ser

385

Gly Ala Asp Val Arg
105

Glu Trp Ala Gln Gly
420

Phe Glu Thr Lys Lys
435

Arg Ile Ala Thr Gln
450

295

Leu Val
310

Gly Phe

Ser Asp

Lys Tyr

Gly Met

375

His Leu

390

Gly Tyr

Phe Arg

Arg Tyr

Lys Glu
455

Tyr Gly Ala Lys
315

Met Ser Glu Arg
330

Phe Gly Trp Glu
345

Leu Asn Asn Ala
360

Ala Asp Ala Ala

Lys Ala Val Tyr
395

Leu His Trp Ser

410

Met Arg Phe Gly
425

Leu Arg Pro Ser
440

Tle Pro Glu Glu

72

300

Asp Gly His Leu Val
320

Gly Gly Phe Ala Lys
335

Met Tyvr Pro Glu Gly
350

Tyr Glu Leu Pro Met
365

Asp Arvg Tyr Arg Pro
380

Asn Ala Met Lys Glu
400

Leu Thr Asp Asn Tyr
115

Leu Val Tyr Val Asp
430

Ala Leu Val Phe Arg
445

Leu Ala His Leu Ala
460
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[0056]

Asp Leu Lys Phe Val Thr Arg Lys

465 470

210> 38
2l 472
<212> PRT

213>  #RFUHIIRE (Pyrococcus furiosus) R1TOA/R220A/Y227F/EABIG

400> 38

Ala Lys Phe Pro Lys Asn Phe Met Phe Gly Tyr Ser Trp Ser Gly Phe

1 5 10

GIn Phe Glu Met Gly Leu Pro Gly Ser Glu Val Glu Ser Asp

20 25

Val Trp Val His Asp Lys Glu Asn Tle Ala Ser Gly Leu
35 40 45

Asp Leu Pro Glu Asn Gly Pro Ala Tyr Trp His Leu Tyr
50 55 60

His Asp Ile Ala Glu Lys Leu Gly Met Asp Cys Ile Arg
65 70 5

Glu Trp Ala Arg Ile Phe Pro Lys Pro Thr Phe Asp Val
85 90

Val Glu Lys Asp Glu Glu Gly Asn 1le Ile Ser Val Asp
100 105

Ser Thr Ile Lys Glu Leu Glu Lys Ile Ala Ash Met Glu
115 120 125

73

30

Val

Lys

Gly

Lys

Val

110

Ala

15

Trp Trp

Ser Gly

Gln Asp

Gly Ile

80

Val Asp
95

Pro Glu

Leu Glu
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[0057]

His Tyr Arg Lys Ile Tyr Ser Asp Trp Lys Glu Arg Gly Lys Thr Phe
130 135 140

Ile Leu Asn Leu Tyr His Trp Pro Leu Pro Leu Trp Ile His Asp Pro
145 150 155 160

Ile Ala Val Arg Lys Leu Gly Pro Asp Ala Ala Pro Ala Gly Trp Leu
165 170 175

Asp Glu Lys Thr Val Val Glu Phe Val Lys Phe Ala Ala Phe Val Ala
180 185 190

Tyr His Leu Asp Asp Leu Val Asp Met Trp Ser Thr Met Asn Glu Pro
195 200 205

Asn Val Val Tyr Asn Gln Gly Tyr Ile Asn Leu Ala Ser Gly Phe Pro
210 215 220

Pro Gly Phe Leu Ser Phe Glu Ala Ala Glu Lys Ala Lys Phe Asn Leu
225 230 235 240

Ile Gln Ala His Ile Gly Ala Tyr Asp Ala Ile Lys Glu Tyr Ser Glu
245 250 255

Lys Ser Val Gly Val Ile Tyr Ala Phe Ala Trp His Asp Pro Leu Ala
260 265 270

Glu Glu Tyr Lys Asp Glu Val Glu Glu Ile Arg Lys Lys Asp Tyr Glu
275 230 285
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[0058]

[0059]

Phe Val Thr Ile Leu
290

Asn Tyr Tyr Ser Arg
305

Pro Leu Pro Gly Tyr
325

Ser Gly Arg Pro Ala
340

Leu Glu Asn Leu Leu

Tle Tle Thr Glu Asn
370

His Tyr Leu Val
385

Gly Ala Asp Val Arg
405

Glu Trp Ala Gin Gly
420

Phe Glu Thr Lys Lys

435

Glu Ile Ala Thr Gln
450

His

Leu

310

Gly

Gly

ser His

390

Gly

Phe

Arg

Lys

Ser
295

Val

Phe

- Asp

Tyr

Met

375

Leu

Tyr

Arg

Tyr

Glu
455

Lys Gly Lys Leu Asp

300

Tyr Gly Ala Lys Asp
315

Glu Arg Gly
330

Met Ser

Phe Gly
345

Trp Glu Met

Leu Asn Asn Ala Tyr
360

Ala Ala: Asp
330

Ala Asp

Lys Ala Val Tyr Asn

395

Trp Ser Leu
410

Leu Hig

Met. Arg
425

Phe Gly Leu

Leu Arg Pro Ser Ala

440

Ile Pro Glu Gly Leu

460

Asp Leu Lys Phe Val Thr Arg Lys
470

465

75

Trp Ile Gly

 Gly His Leu

Gly Phe Ala
335

Tyr Pro Glu
330

Glu
365

Leu Pro

Arg Tyr Arg

Ala Met Lys

Thi Asp- Asn

415

Val Tyr Val

430

Leu Val Phe

445

Ala His Leu

Val

Val

320

Lys

Gly

Met

Pro

Glu

400

Tyr

Asp

Arg‘

Ala
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