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GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IR, IS,
JO, JP, KE, KG, KH, KN, KP, KR, KW, KZ, LA, LC, LK,
LR,LS,LU,LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL,
PT, QA, RO, RS, RU, RW, SA, SC, SD, SE, SG, SK, SL,
ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, WS, ZA, ZM, ZW.
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CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU,
IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT,
RO, RS, SE, SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CI,
CM, GA, GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).
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(54) Title: TRANSAMINASE MUTANT AND USE THEREOF
(54) ZFABTR: FalsA ik RN

(57) Abstract: Provided in the present invention are a transaminase mutant and use thereof. Compared with an amino acid sequence
shown in SEQID NO: 1, an amino acid sequence of the transaminase mutant comprises at least one of the following mutation sites: L 166,
K149, K146, A168, H73, F133, H82, E24, V194, T294, A295, G235 and F236. The mutant of the present invention has an improved
catalytic activity for a transammonization reaction of ketone substrates, and is suitable for industrial production of chiral amines.

GHWHE: KARERHIBET —FHHABRLALENH, g, ZHE AR k5 SEQ ID NO:1 T/~
MRERERFIML, ZHEABREBEAMNEAERFINBEDTE D —MRABL A L166. K149,
K146. Al168. H73. FI133. H82. E24. VI194. T294. A295. G235} F236. A J% (545 4k, %o @ 28
YT R R N TR ER 2R, &R TR Tkt A .
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RABRRELINAH

BARGIR
AR Kb e, BRI S, W N R R R R AR R S B

BREA

FIERG RV 2 HEAYIETE D T IS T, RERIREZ PTG PEE. Ar2 R
TP R L IVE 2. BURIILSZ5Y) . PUBRS A0 LTI E oy el R Rt AT &
JT o FHERZ I % T @R T T, RN AR RN SRR AR A R
BT PR OLRIE PR EST. SHT, FERIZL AR A ZE YA & T &
RIFHTZ, BAT RS

O-FE R MRS ALY, W AR R Z 2R A, AR & TR . BHEEA
EHEE . mF A BRI RS S AT LR, BT FEAN R R . e TN A, K
LRI AR BCERAC, SR FEE TRE S50, 8 IR B S 10
BMIHAZ

HIE A JT5 8 CN107828751A IR BB ERHIE A T —FRIET Actinobacteria sp.i] o-¥%&
B RABAR L1071, Z R ABAR ] i BV AR CE R SR B R o, RBITR

o) NH,

R=H,F,Cl,Br,CH; OCH3,NO,
1R AN T 10%, TGRSR RIS, b,

RKHANE

AR EEH N TR — R R B s AR R N, DU R ILA MM NE A L
Ml Al 7 1)

RNTSEBLEREP, WIEARE—N0E, BT —MEEERAEA, 5 SEQIDNO:1

Brn a2 PP, 2 Bl R AR PO A 20— RN 1166,
K149, K146. A168. H73. F133. H82. E24. V194, T294. A295. G235 }% F236.
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H— b, AR RN EERT AN T RS — NN S L6V .
K149Q/V/C//W/M/Y/H/L/F/R. K146R/M/A/P. A168M/V/I/S/P/F. HT3T/N/C/Q/R/W/M/K/S
F133S/Q/M/R/A/D. H82S\Q\E\T\Y . E24V/S/A/F. V194I/S/A/H/N. T294Q/W/V/A/E/R/Y/F .
A2935S/Y/I/M/G~ G235Y/H } F2361/T/P/M/V/D/S, YON. S132K. R145K/P/S/M/Y  L151R/M/A
T178M, “/” Fox “B7; SR RADARATE RIRFRARN A, H5 B RN MR
FPAIE 80%LA L, ik 90%LA &, TEARIE 95% LA b F— MR LR T

B, R R RN RIS B A W N R LA R AR A

L166I+A168] L166I+E 146E+F 1350

L166I+AL168V L166IHFE 146E+F 1350

L166I+A 168 L166I+K 146E+F 133D«

L166I+E 149V L166+E 1497+ A 168T+H 731+

L166I+E 149Cs L166I+E 146B+A168I+E 149H «
L1a6V+Al68M- L166+E 146FE+A 168[+E 1491«

L166V+A168] L166+E 146F+A 168[+E 1491

L166V+AT6BV« L166IH+E 146F+A 168[+E 149V«

L166VHE 145V L166I+E 146FR+A 168[+KE 149F <

L166VHE 145Cs L16EHE 146B+A 168T+HE 1490
L166IHF1335+K 1490+ L166+E 146E+A168[+E 1497 »

L166I+F 1335« L166H+E 146E+A168+HT3T=

L166I+K 146R~ L166[H+E 146R+A168[+HT35+

L166I+E 1460 L166+E 146R+A168+HT 3N

L166I+E 1464« L166I+E 146 +A 168[+H 73 M

L166I+K 146F+A 1651 L166HE 146E+A16E+HT3Qw

L166I+E 146R+A 1685« L166I+EK 146F+A 168I+E 1459H

L166I+K 146E+A 168D« L16EIHE 146E+A16EHK 149H+E 145K »
L166I+E 146R+A168F L166IHE 146E+A168FE 149H+R 1455+
L166I+A16EI+E 149H L168H+E 146E+A16E+K 149H+E 145
L166I+A16EI+E 149Y L166IHE 146B+A 168K 149H+E 145P«
L166I+A168+H7 3 L166H+K 146FE+A1GEIHK 149H+E 145 Y =
L166I+A16BI+E 149H+R 145K « L166IHE 146B+A168[+E 149H+R 145K +T294 Ao
L166I+A16E+E 149H+K 146 L16eH+E 146E+A168+HE 149H+R 145E+T294Ee
L166IH+K 146E+F 1335+« L166H+E 146E+A168+E 149H+R 145E +T294 e
L166I+E 146E+F135E- L166IHE 146K+ A 168+E 149H+ R 145E +T294 Yo
L166IH+K146E+F 13340 L166HE 146R+A 168+E 149H+ R 145E+T294F »
L166H+E 146E+F 1335+EK 1490«
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L166I+K146R+F1335+K149R

LIGGIHKI46R+FI335+K 1491

LIS6IHKI48RAFIZ38+K 1400
L166I+KI146R+AFI33S+HK149Y
LISGIFRI4ORAFI3ISHKI490+HT3R
LIGGIFRI4ORAFI33S+K 1490+H730
LISGIFRI4ORAFIZAS-KI490+HT3K
LIGOIKI46R+FI335+K1490Q+H73T
LIGOIHKI46RAFI335+K1490Q+HT73S
LIGOI+KI46R+FI338+K1490+HT3W
LIGOIHKI46R+FI338+K1490+HT3R+V 1941

LI6aI+K I4aR+FI338+K 149Q+HTIR+V 1045

LI66I+K I46R+F133S+K 149Q+HTIR+V104A

LI66IFK I46R+F1338+K 149Q+HT3R+V1094H
LIGAIFKI46R+F 1338+ 149Q+HTAR+VI04N
LI66IKA46RAFIA3S+K I400+HT3R+VI04 1+ HE2S
LIGGIFKI40RATFI33S5+K 490+H73R+VI941+HB20Q)
LIGOHKI4eRAT 335+ K 1490+ HT73R- VI 94+ HA2E
LI66I-KI46RAFI335+K1I400+-H73R+V I 941-HR2T
LI66IKI6RAFIZ3SKIA90-HTIR-VIOIHHE2Y
LI66IFKI46RAFI33S-KI490+-HTIR-VIOI+E24Y
LISGGIRI4ORAFIZIS-K I490+HT3R-VINITER4S
LIGGIFKI40RAFIIZS-KI490+HT3R+VIO4I+E24A
LI166I-KI46RAF 1338+ K1400Q+-HT3R+VI941+E24F
LI66IFKI46RAF1335+K 1490+ H73R+VI94[+LI5S IR
LIGOIHKI4ORATI33S+KI400-HT3R+VIOITLISIM
L166I-KI46RAFI335+K1490Q+-HT3R-VI04+1L 1514
LI66IKI46RATFI33S-K 490 HTIR-VIOIFEZ4VEA2058
L166I-KH46RAFI3E8+ K490 HTIR VI OI+E24V-A205Y
LIGGIRIORAFIZISKIA90O-HTIR AV IVHAE2Z4VEATHS]
LISGIFKI40RATF 335K I490+HT3R-VIO4I+E24V-A205M
LIG66HKI46RATI I35 KI400--HT3RA VI E24VHAZISG
LI66IFKA46RAF 335+ K I40Q+-HT3R+VI04 - E24V-T204 A
LIGOIHKI46RAFI335-KI490+-HT3R-VI94IFE24V-T29R
LIGOCIHKI4ORAFI33S+KI400Q+HT3IR+VIOAI-E24V-12940
LIs6IKI46RAFIIASHK 400+ HTIRAVISIFE24VT204W
LI66I+K I46RAFI33SHRIAGOQHHTIRAVIO4IHFEZIV T 294V
L1661 KI46RAF 1335+ K400 HT3R-VIO I E2AV-GR33Y
LI66I-K146R+FI1335+K1490+-H73R+V194[+E24V+-G235H
LIGOIHKI46RAT 1335+ KI400Q+-HT3R+VIO4IFE24VF2361
LI66I-KI46RAFI335+K140Q+-HT3R-VI04-E24V+F236T
LISAIFKI46RAFII3SHFRIAG0O+FHTIRFVIOI+E24VF236P
LIGGIHKI46RAFI335+K1400+HT3R+VIO4I+E24V-F236M
LI66IKI4oRAFIA3S+KI400+HTIR-VIO+E24VF236V
LIGGIHKI46RAFIA3SHRI4S0Q+-HTIR VIO EZANVFF236D
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Li66I-KI146R-F1338+K 1490 H73RA-VIOIFE24V-F2365
L166I-K146P+FI33S+HRKI490+HTARAVIO4I+HELS
LI166IFK146R-F1335+K140Q+HT3R+-VIO4I+HR2IS+HYON
LIGGI-KI46R-F 1335+ R I490Q-H73R+VI94[+HE2S+E24V
LIGOI-KI46R-F1335-KI49Q+-H73R+VI 94+ HE2S+8 132K
LIG6IKI46R-FI33S-KI400-HT3RAVIOI-HB2S+TI78M
LIG6I-KI46R-FI338+K 490+ HT3RAVIOITHE2S+E24A
L1661+ KI46RAFI133S+K 1490+ H 73RV IO4HHEIS+E24V

NTEBLERHT, RIEAKWINE —J5E, 24067 5 DNA 707, 1% DNA 701 %
g EIRAE— PR B R AR

NT SRR EP, WIBAKPGE =A0HE, R4 7 —FhEA TN, BN ERE
IR —Fh DNA 431

AT SEBLERA R, REALIIOHEINTE, T e S, RS A L
IRAF— b B2 TR

BE—bt, A EAH LTS R A% AR B O AR DO SR A AR A K AT R

AT EBER AR, RIEALIOHELATTE, =T M TR NS, TR
O

Fie T B R ke m e R Regmmmg i, e
NH,
R OR T
T Ro | iy, R AR, 4050 103 (A DU S AT B . (AR TA A B
R G S I AU 955, R, T R, A B A ok T AR 45 2 T LA sk b
WA 5.

BE— B, Ry AN R AR IR 5405 1-20 FAEIERU R P BE 2, . AR B BRI
AR bedk . SUEIEBCEORBBC KI5 2 Lk, Ry Ry RIR 14 1-10 AR AL
ARBBACH ek . AR PUCBUR BB I bt 2k . SRR U BRI 97 2 AL 19,
BACRIEW R T BT R T Fodk. ANEE, BUIE. WAL, ofE. BRI BH
B, R OHEBTE T AR
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0
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o)
I\
R—T//
KRR HIZE 220 A, S M AR P AL, HEATEEEURSE, 2R R
NH,
I\ 4
R—
=

» RETREA DA EW IR A, PRSP SR T, &
EVSEZNL O P b 20 e N T VA VG PLI i, A ZEAE IR B ARAL A DIy,

0
O o)
fﬁk
s
oAy F \ NO> 4 °N o

REFAA R I BOARTT %6, AR W RAAR, XS B SR AT FE 2SS 1 AL 1145 B3R
[T Y B R s R G DRI X RS Y

FARSEHETT

VIR, AEARIGEDL T, A HE TSR] & St (] b R T DA LA A
IR 5 SRR R VR A K B

“RIAFAENT B B 5 CRARR” XS, fRE BRI RIS, Fla, R
SRAFAE I B AR (0 2 IR 2 R E IR PP 9 e AFAE T AR 51, e AT O E 2R 5 P K SRR
tharies, I HBCE WA Lk & s i sk 22 .

ARG, WA, 4. REEk CEA” N, BRECLUHARF P REERNTT
AT, B0 BRI RTE U, (SRt R sl it i ) AL BOR b
B BRRTAE AT 2, SO BT R AR B E AT AR . AR e ik, e, ARFR 4 52
IR P RIS E A CARELD T2 SIS R el LR K 31 [E A 2 DR S 414 .

“PRAIE —PERE 2 L AR HE R I SR R A L R LE,  Jf Hadad s ti
W L 2 AR LE X PP ZIR IR E , o, 2 RE BT VI S@ SR P S I7E LLACE TP (i 0 5
S FPHIM L AT VSR In el sh e (R, 360D, DL TP N2 R R A LR . B 20 EemT Bl
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TR R P A o IR R R R B B R R R A L BB H A AR DLRS
B H, RULEA B RS H R A A P BB H , JRREIRARLL 100 LIS RIFSI
PR ot A, e EEmr AR AR SEAL A RE S P A o B [ A A R A
SRR IR R IR A B R R S R SRR R S A xS A B, DAL A BREH
HULBC A B EH Br AR B P AL E S, IR RS, 100 LA 2SI [E— 10 H 2
oo b, “Z22%5 P37 R ARSI LLA R 0TE 2 P 9. B 25 P21 AT LLE BERFPAIIN 148,
Blin, AR R X .

ERRAL: Eftlil BAreaE U S (PCRY 587775 H ) DNA B (A] L R4,
WA ol AT AL GEFREILEMIT ML), OFEEEERm. Mk, &
RABE. TR, SRR S DNA Bra&ik iy H & B MR SR AL, R ERT T L
P —FAkw A 0 TFB.

R ) 5 R B AL — R R AR BRI BT, ACNGIIERFER OE LA, BRI E SRR ATL
i, FEARSMSCEIER, RN %% PCR. DNA 4] (DNA shuffling) &HiAR, 454 mRUME R
G0 3RAF HA TR P BT

NP S R T I R B R, bR E, PGS B, A B
It B RE A ) 5 X SRR T Actinobacteria sp. I o-F @ B9 AF 7K L1071 (SEQ ID NO: 1) #1733
..

RIET Actinobacteria sp. 1] o-F5 R BEFRAER L1071 (SEQ ID NO:1) MIFFIan T :

MTISKDIDYSTSNLVSVAPGAIREPTPAGSVIQYSDYELDESSPFAGGAAWIEGEYVPAA
EARISLFDTGFGHSDLTYTVAHVWHGNIFRLKDHIDRVFDGAQKLRIQSPLTKAEVEDITKR
CVSLSQLRESFVNITITRGY GARKGEKDLSKLTSQIYTYAIPYLWAFPPEEQIFGTSAIVPRHV
RRAGRNTVDPTVKNYQWGDLTAASFEAKDRGARTAILLDADNCVAEGPGFNVVMVKDGK
LSSPSRNALPGITRLTVMEMADEMGIEFTLRDITSRELYEADELIAVTTAGGITPITSLDGEPL
GDGTPGPVTVAIRDRFWAMMDEPSSLVEAIEY .

LLRIRT Actinobacteria sp. (] o-F5 R BFFAFIR L1071 AN, BEITT 17 XHEMERAZ 54
(F133. L166. A295. A168. V80. T293. W167. G235. W203. F236. T294. K149, H73.
Y78, K146, V194, R145), FIABMRAZFE, DL pET22b (+) AFREHE, RGBT,

VAN SR AR I I X H A0 B 3 AR g R 2k R EAT S0, RN ) A SR BRI 70l
19 PRI BRI R R o TR B UE M SUE RS 1 LR,
HAAE RS — IR R AR W E BT B MRS AR A A RE3RAT L 2 i 58748 T R AR 1) 13
etk XS T 58 RRA T R AN B R (IR S AR, AR R M AN R A TR T I Rr 2 Ak

FEM AN R AR PATIE VIR i RASAR AL B, IR RN BB A BT H A, USRASHE
AR AL . 25 R Xl AR MR R 7 kAN B AR AR A 5 —#E, SR &k
PCR G . RN 5RAE 2 A K BL AT 28 /i RIS R B SEH PCR #4817, SR1GHE
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L RN RN, Wi REVEA VIR U R, ERRRERE £, B KT A
MO, A T8 100pug/mL FAREHERN LB By, 37CHAFER, RGHEGREHR,
M7 %55E

LM RN A RAAPIF R RAZFRIAL = KT E AN, ERITE T RE. &
e JE L AR P A AR L 1) T R AR . R R S R I R 2R A 25°C, 02 mMIPTG 3T
HiEF o

RIFETE R RIS A 2 e RS, A 28 PCR AR HHTREAL RS, M
JRE R RARRE, TR G R 8B IRE, XOOEBTIRIE, FRSEELE — DR iR

i PCR: NG HSF T 00 PCR, B4 5, i & i Hi ) DNA J7 41 LA iR 1K PCR £,
NAREEEC PCR Bl M Hii% PCR. A {REIREIHF KL B TagDNA K& I PCR &
NS, BRAK DNA SHIFIRERE, 708 DNA 884 S0 e 3 mms L 451, M (418 =4
I S RAR ) — A INE S DNA FEHIAS R0 73

Dy PCR o2 H ET R M6 5 A RN L PRRSNEL A BOR, SR B Bk IR S A 9 B T
Peft T RIRE, LA DNA [ 4 ML 806 DAL R A AL, e SIS (G). lMgnE (C) A
HRREENE (T) 3 Ff 2 U AR A R ORI BE SCPUAN ILAR A i BRIERS CAD NI iR 0 Y
SR, A TREAWA LA RAE. Go CH T RS EE, MiEXan
PERBAR, A A1 T PIRhE St B RUR T B2 IR (NH2) RS, BAERE (NHD
WEFAERERBAC AR RS R R RE R 50 B KA F KR — 6 E 7 2 205
AL AT AR SO A B, XA R ) K78 Rl R BRI Bl
FiRig g AR USSR A A, S IRIERSTCRS, T BURRE NS, 5 SRR iIRS, XA
HILT A RECE C, T Rl b G MARGEEEXS, MIfTiE ST -

FECEN ) JLFR % DNA &1, TagDNA REMI4EELHE B . Tag DNA REHRK
BLIAT #4 DNA R Al s R mi)—f, B 53 SMIRRETE, AH 3-55h )R,
SRR B XIS A F IR B BOA A IR I RE, FTBALEA 3-5'RETER) DNA Raler 4
SECHIMER B . DNA Ra B Of 5OrEn] LUE 2 M7 ok EAIR, SR 4 FREAR
dNTP. 0 Mn®'\ 48 Mg? WKIESE . JLFMAER 7% S8 1 DNA BEIEE AL = L E & A
. MnCl,/& DNA R4EMEERET, MA Mn® f] DURRE A BE XA MR i, $8m
BUCH; 4 Fh dNTPs WREL AT T AR SRR R B IOMER, SEPLEEIC; Mg B 0E
Taq BERIER, 30 Mg® VR, izl EH A&, Beifa eI TAMOBIExS; 25 Tag DNA
REBHE. 8N NMEH AT ], AT LG 0G24 i B M O BER s FRAE BRI,
M)A PCR {3 K AS AR LL I 1 T

Rk, & ERBERa RAEA E, BIEASRH CARRIEREORT R A HIE M
sty =, $RAL T R ERER AL R, 5 SEQ ID NO:1 FsME IR P HIMHLE, AR
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By 58 A5 A IR JE 8 e P LG = /b —Fh AR 67 15 L1664 K149, K146, A168. H73. F133.
H82. E24. V194, T294. A295. G235 % F236. AKBIMIGEASAR, WK it 47 i o e v
PSSR S, & TR T r=.

FE— PR R SC R, F SR R AR VR M R IR PP B AR U T RAAT 12— L166UV
K149Q/V/C//W/M/Y/H/L/F/R. K146R/M/A/P. A168M/V/IS/P/F. H73T/N/C/Q/R/W/M/K/S.
F133S/Q/M/R/A/D. H82S\Q\E\T\Y . E24V/S/A/F. V194I/S/A/H/N. T294Q/W/V/A/E/R/Y/F
A295S/Y/I/M/G- G235Y/H % F236/T/P/M/V/D/S, YON. S132K. R145K/P/S/M/Y  LI5SIR/M/A.
TI78M, “/7 FoR “8i7; slE ik Al RN S A B R A, HSRA ERRAN A
MREIRFHIA 80%LA b, fLik 90%LL £, HELE 95%LL EF— I E B IR, Rk
Pl SR AR s T AR — 25 i e e B S L AT 1

FE— R EOLIE RIS B, R B R AR RS BR Py 7 B A R R A — 41 IR AL
Mo

FEAR BE S A A sty s, 3R 4L T —Fh DNA 701, 1% DNA 2 7 4ifid B fE—
PR BERAZNR . % DNA 73 T4t i B Z A 5 AR PR XS B 8 e B A R YT B e R SR (AL
1

AR IHH B DNA 43 FI8 7] LALA“RIX &7 I A7 . “RIE &L M BRI R
T, TR T RENETE SR B R T YITENS T8 A SRE ) DNA AT RNA P4, — 8
5, 8BS HWEZERE ZOEEN ST, TR 5% IG5/ 3 Uh R o b B 30E
Hi . Rk GA T LA BT P EM BT R T8 S XIEE RIS E AR T, HIE
1E B 7 B gnis H AR DI RE RNA, #ilinf X RNA BCEERIEFA RNA. B35 B2 ER
A ERE G LR RET, BfRE - ANRASSHED M HMASEREFEN . REE
] LR RARFEAEN), HUAH T IR 1A R EH I kB 1.

FEZR BTG 35 =l A (st )5 s, SR — PP 450, 2 AL RS A R DNA
¥ FIREAHFRT ) DNA 737 BT EAFR NG A0 E, 75 Eid DNA 75 RENS 1IEH
Huo TR ] RIS

BAAAR K ATER E BR DNA 27 B EE NS E7, BHEIFAERE ] LI/E DNA
FEBI P AR NS DI REA G AR 751 o AR N SL AN, A 7 3 2 B AR AE
MIZER, FELE DNA FP AR s N6 38 ) BRI R ) VI BR R B U0 s, BE AN 0 A 2h &
M7, b7, DR, n SR P12 3Rod Sk PR 5 1 A B8 L5 78 26 X et T o

A% B R BT A AR AR R A U B B SR B ERIR R SR AT R . RA L W B 1
BRI e o+, U N EH RIS TR, AT DU SRR okt AT LA EA% 1A TR,
(B 38 JRAZ FIE URE, ERRSBsliti &b, B4 FRIIE H pET-22a (+). pET-22b (+). pET-3a
(+). pET-3d (+). pET-11a (+). pET-12a (+). pET-14b (+). pET-15b (+). pET-16b (+).
pET-17b (+). pET-19b (+). pET-20b (+). pET-21a (+). pET-23a (+). pET-23b (+). pET-24a
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(+). pET-25b (+). pET-26b (+). pET-27b (+). pET-28a (+). pET-29a (+). pET-30a (+).
pET-31b (+). pET-32a (+). pET-35b (+). pET-38b (+). pET-39b (+). pET-40b (+). pET-41a

(+). pET-41b (+). pET-42a (+). pET-43a (+). pET-43b (+). pET-44a (+). pET-49b (+),
pQE2. pQE9. pQE30. pQE31. pQE32. pQE40. pQE70. pQE80. pRSET-A . pRSET-B. pRSET-C.
pGEX-5X-1. pGEX-6p-1. pGEX-6p-2. pBV220. pBV221. pBV222. pTrc99A. pTwinl . pEZZ18.
pKK232-18. pUC-18 8¢ pUC-19. Hfliik, FREHFIRE pET-22b (+).

FEZR FRR R DU AR SR (R st 0 3Crp, $ROE 7 — P 400, %0 B E A iR F
EHBURL EH AR AR EA R T R a0 BERE sl . IR R
SRy AT, a2 PR RA P B B 22 P PR B o SEOLIE SR A AR I R AT 18 BL21 4
KA DHS o B2 5410

AR A PR SR R, AR R R R i, T R b
O

N

R Rospmmmpm, memmman

AR e I A T A B 25 A
NH;

P
R Ra yiap, RA1 R, 405057 08 R TSR TR I B (T sk b
T g, SRR SR B AU 3E, R, 1 R, A B 40 H AL 2 T A
AR IR .

FE—FROLIE RIS RG] T, Ry AT Ry BRIE T H08 1-20 AR CBOR R e s . ik
PR B AR AR I fe 2t . AR BUR PRI D5 2,5 DLIE iy, Ry A1 Ry AR 72 1-10
AR SR PR e 2 . ARIEBURBUR BRI I be 2t . SR B SR B 55
ey PRk, BUCGERIERRIE T RIRT . BIET. Fodk. s, WUk, RS oFE.
RIL. WL, R OB AR,

0
E*ﬁ%ﬁﬁ%imw¢,W%%ﬁ%ﬁﬁ\\/x\/ﬂ\,ﬁ%ﬁﬁ%i&%ﬁﬁw
)
|\
R—r
=

PURECRPIACHIZR B A 51, e R By R AR PR AL BEATHER RN,
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NH,
| N -
R——
B4 = , RERFEN PR ER xR, HE, FREFAEREI; ik
1, HENEIE T ERERER TR A I Rk, AEEAE IR IR AR A BUAR
O
O
. N RS T o A N F N02 N
E— M EREM LG, KOWELEY A 19
O
X
»
N » AHTE R AN R AT RIR PR OR C S A A P A T 1 R
TN THIH S FL AR B St 51 SR 3t — 0 U BH A H S R 28 R
R St B R 3 A R -
JRAE 1
@)
F 397K LM 3'-Fluoroacetophenone: CasNo:455-36-7.
JERE 2
@)
NO; SBAH3E 2 4l 2'-Nitroacetophenone CasNo:577-59-3
JERE 3:

10
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O
| A
~
N 3-2, BB -4-F LI 3-Acetyl-4-methylpyridine CasNo: 51227-30-6.
JE AL 4
O
\/\)]\ 2-C.Hd 2-Hexanone CasNo: 591-78-6
S 1

5mL BB S AAN 30 mg JERE 1 JERE 2. JERE 3 FHJERL 4, A pH 8.5 1 Tris-Cl
(0.1 M), 181 uL HIFHIEEEEEE (6 MD, 0.9 mg ) PLP, HIA#E M 300mg CEEWZE 1),
WAL, AT 1500 uL, T30°C, 200 rpm BRI 16h. BIZERSG, [FRMNAKRZRFN 2 5
AR FEE, YRS, 12000 rpm, 250 3 min, HU_EE, HPLC #&dll, ¥ 210nm. #4r KA
SRR :

% 1:

11
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S dek
o B | B2 i Rk s | a4
?32 - " -~ -
L1661 + + + +
LI66V + + + +
K149Q + + + +
K149V + + + +
K149C + + + +
K1491 + + + +
K149W + + + +
K146R + + + +
K146M + + + +
K146A + + + +
Al68M + + * +
AL168V + + + +
Al1681 + + + +
H73T - - - *
H73N + + * +
H73C + + + +
H73 + + * +
F133 * + * +
F133 + + + +
F133M + + + +

B, BEANTENR SEQ ID NO:1; BEXf RV AG R SHRHET R FOR, -Ron A
IR GTENE, SRS SRR, +RRIRE 15 15, ++FaiRE 5-10 £,

HE 1 MERATUER, B a BRSO R A Frit s, (HI R B &AM
BOR . XTE MR TS, W PR E R ARIE M

SR 2:

5mL )RS ANN 30 mg SRR 1L JERL 2. SRR 3 ARk 4, S0 pH 8.5 HJ Tris-Cl
(0.1 M), 181 uL M RFIZERESE (6 M), 0.9 mg [{) PLP, HIIAFEEEE 210mg (BRI 2),
EA, SRR 1500 uL, F30°C, 200 rpm R E 16h. N EER )G, TR RAR RN 2 £5
PR HEE, Y841, 12000 rpm, &5.0 3min, B EE, HPLC R, %K 210nm. #B5 RALHK
FANKERER/ NN

12
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#* 2:
Gt if - N -1 S
T JiK 2 LR 3 ik 4
L166I+A168] ++ - n o
L166I+A168V + - + o
L1661+A168M ++ + + ¥
L166I+K149V + - n =
L1661+K149C ++ — > =
L166V+AL168M + + e .y
L166V+A168I + ++ £ +
LIGEV-ALGSV + + ++ +
LI6G6V+KI149V ++ + e ++
L166V+K149C - ++ -+ ey
L166I+F133S+K149Q ++ ++ ++ .
L166I+F133S + + . +
L1661+K146R ++ - + ry
L166I+K146M + - + s
L166I+K146A ++ -+ + T

FIRBEACHRAS R SEQ ID NO:1; B AR M s R EMR KR, R BRIV
GRS, VEMERE MM ROR, SRRER 15 6, HERRIR R 5-10 i

3£ 2 ARATLVEH, RAEREESE—BERS, BUSRERREMAR. rTddEAn
RS A ik, B niE IR m AL A, Bt e, BHLEE R R T RS &
MIMARERIE R RS A, IS EHERE N R,

Sl 3

5mL )RS ANN 30 mg SRR 1L JERL 2. SRR 3 ARk 4, S0 pH 8.5 HJ Tris-Cl
(0.1 M), 181 pL KRS EE (6 M), 0.9 mg () PLP, fIIABENEF 60mg (EAK W% 3),
A, ERFR 900 L, T 30°C, 200 rpm FEIR KB 16h. LG, FRBAR RSN 2 51k
R FEE, VAT, 12000 rpm, B0 3min, B E{E, HPLC A2, 4K 210nm. #H5r RARK &

13
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FEEE

FER ; : X N

L166I-KI46R+A 1681 s e et A

LI6AIHRI46R+ATGES 4+ ++ ++ At

Lioo+RI46R+A 168 -+ S ++ At

LiGol+-RKiI46R+AL6RF et - S i

LI66H+ALGSI+K149H it i it e

L166TH+ALGEIHKI49Y + 5 et +

L166T+AL6EIHHTIN it ++ e ++

Lisal+Al68I+RKI49H+RI4SEKE i} ; - 5

Lisai+AloSI+RKI4VHAK 40P et et e | el

LIo6I+ALGRI+RI4OY+HTIN +++

Lisel+Kl46R+-a1681+K149H e R + i

Li6aI+KI146R+A168[-K 1491 bt -+ e I

L1686 KI46R+AT6BI+R 1491 +++ S IS A

LIGAIHKI46R+A IGEIK 149V R S e

Lisal+KI4oR+A 6B IAOF S i e e

Li6oI+RKI46R+AIGRT+K 1490 b - et e

LiseH K I4eR+AIGEIHRIA9Y e n il B 4t -

Li66I+KI46R+AI68I+HTIT ++ i + 4

Licsl-K146RB+A168I-HT3S et A b e

Lis6I+KI46R+ALB8I+HTIN - +++ ++ e

Lioal+RKI146R+-A1681+HT73M e bt S s

LAGBIFKI4ORFALGEIFHT3Q s e

Lieal+RKI4eR+A 168+ K149H et et 4+ ++

LIs6IHRI46RFA TSI RI4BHARIASK bt | A - et

L1a6+RKI46E+A168I+K I40H-R1455 et et e e

LiGeI+KIJ6R+AL6SI+RIA9H+R 1450 -+ -+ ++ e

LI66IHKI46E+A 1681+ R I49H-R143P +++ e bbb | bt

LIG6RKI4eRFALGRIRI49HFR145Y

L1+ KI46R+AA16HRI4VHARI4IRAT294A et s e s

LIa6IHRI46RAA LGSR AOHARI4SK+T294E bbb bbbt i+

LIG6I-KI46R+AL6SI+R I49H+RI45K+T204R - +++ bt | e

LIGOIHRKI46R+ATGEIKI40H+RI45K+T294Y et e R it

L1661-KI46R+AT68T-KI4OH+HRI4SKATI0E +b e e i

14
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FIRBEACHRAS R SEQ ID NO:1; B AR M s R EMR KR, R BRIV
BT, WEPERR S AR IR, +OR RS 155 15, HRORIRE 5-10 75, +H30RIES 10-20
5, RS 20-30 5.

SEA] 4

5mL S NN 30 mg SRR 1L JERL 2. SRR 3 FNERE 4, S0 pH 8.5 HJ Tris-Cl
(0.1 M), 181 pL WIS EE (6 M), 0.9 mg () PLP, fIIABENEF 60mg (EAK W% 4),
A, ERFR 900 L, T 30°C, 200 rpm FEIR KB 16h. LG, FRBAR RSN 2 51k
R FEE, VA, 12000 rpm, B0 3min, B EE, HPLC A2, 4K 210nm. #53 RARK &

# 4.

i
KA - - -
BE | BR2 | Bea | Ei4
L166I+KI46R+F 1338 4o - e ++
L1661 K 46RTF135R bt
L166+K146R-F1334 —+ e - s+
L1661+K146R+F133M e - - -
L166I+K146R+F133Q = e et i
L166I+K146R+F133D s e ——— -
L1661+K146R+F1338+K149Q - e et
L166I+K146R+F1338+K149R 4 ++ it s
LIGEI+KI46RAF1338+K 1451 - — ++ -
L1661+K 146R=F1335+K 149M + o + +
L1G6I+K146R+F1338+K149Y +et - s ++
L1661-K146R+F1335+K149Q+H73R — - e
L166I+K146R+F1338+K149Q+HT3Q ++ s +
L166I-K146R+F1338+K1490Q+HT3K 4 +++ S+
L1661 K146RIT 1338+ K1490Q++HT3T :
L1661+K146R+F13358+K 149Q+HT38 ++ e ——— ———
L1661+K 146R-F1338+K149Q+HT3W e ++ ++ e
L1661+ K146R+F1338+K149Q+HT3R+V1941 =+ 4+ et i+
LI661+KI46R+F1338+KI149Q-HTIR+V194S
L166I+KI46R+F133S+K 1400+ HT3R+ V1044 ++ ++ s +
L1G6I+KI46R+FI33S+K149Q+HT3R+V194H e e e -
LISSIHK I46RFF 1338+ K M490+HT3R+V 194N e +H A e
L1661+K 146R+F 1 338+K 149Q+HT3R+V 1941+HE2S e
LIGGIHKI46RAFII3S+KI49Q+HT3R-V1941+HE20Q s - s o+
L1661+K146R+F133S+K 149Q+HTIR+V 1941+ HS2E - I P e
L1661+K146R+F 1338+ K 49Q+HTIR+-VI94I+HS2T -+ ++ S +
L1661+K146R+F1338+K149Q+HT3R+V194I+HE2Y e+ e ——— e

15
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LIGGIKI46RAF1 338+ K I400+-HT3R-VIMI-E24V -t ¢ ¢ ot

LK IAaR-FI 335K 1490Q+HTIRAVI 04 I+E248 et A Aot
L166i-KI46RAFI 338+ KI4BQHHT 3R+ VIGH-E244 i ++ A+ R
Lig6I+RKI46R-F1338+KI400+HT3R+V194+E24F o+ ++ Ry ++

L1e6I+KI4eR+FI 338K IA0Q+HHTIR-VIOAIHLIS IR . : ot
LI66I+KT46R+FI3384HKI490O+HTIRAVIOALIS 1M i+
LI66I+KI46R-F 1338+ KI400-+HTIAR-VI 11514 -t ot et R
LIA6IFKI46R+F13384K 1490+ HT AR VI94I-ERAVEATYSS At
LI66HKIARAFIZISH 00O+ H ARV IOIHE2AVHAZOSY
LI+ KI4eRAFI 338+ K490+ HT IRV D4 HE24V+A2DS] EEmas
LIG6IERI6RAFII3S+KI40Q+HTIRFVIO4I-E24VEA205M S
LIGOHKI46RAFI 335+ K 1490+ HTIRAVIGIFEZAVHA2D5G +++ 4t EEE EREa
et
Sl

L1+ LeRAFIA3SHR A0+ HT IRV I+ E24VHT 2944
LI6GI+K I 46R+FI33SHE 400+ HTARAVIOAIHEZAV+TI94R
L1661+ R I46R+F 1535+ KI490+HT3RAVIOAI-E24VHT 2040

LSO IORAT 1335+ R IO+ HTARAVI S EZAVAT204W At IR

LGOI+ RIA6RAF 1335+ R IO HT R AV E2ANVFTR94Y At R Rt ot
L1s6I-RKI46RAF1 335+ K 1400Q+-HT 3B VIGHEZAVHGRAFY SRR - e +4
LIGOHKI46RAFI 335+ K490+ HT IR+ VIGI+EZ4V+G23SH -+ e R bt
LIe6I+RI46RAFI 338+ RI40Q-HT3R- VIS4 E24VF2 361 ERE +H i +H+t
166 RI46RAFI IS K490 HTIRAVIOIFE2AV-FI36T et bt e oot
L1661+ KI46RAF 1338+ KI400Q-HT 3RAVIOAI-E2AV-F236P -+ At -t R
LIGEHKI4ORAFI 335+ K 90+ H ARV EZAVSF 2360 R b R R

LI66I+R146R-F 1338+ KI490+HI 3R-VI4I-E24V+F236YV
LIatI+KI46RAF ISR 40O+ HTAR-VIDAI+E24VF 236D
L1661+ KI4eR+-F 1338+ K 400Q+HT 3RV I04I-E24V-F2365

PR AR SEQ ID NO:1; EEXREAL R M E R RR R, -RRFEAY)
BIEE, VRS A S AU+ 3R, RN 155 5, RIS 5-10 £, RIS 10-20
b BRI 20-30 1%, RN IRE 30-50 £, R E T 50 1%,

HE 4 ERTLEN, ERHIECHR B8 ARG RIEIE . TS dksumid
BENLRAS (G4 PCR), #—PRmRAMEM:, BRI HT T AR A RAA,
SETE] 5

5mL PR BOFA 533N 30 mg 5ok 1. JERE 24 kL 3 FIJERL 4, SO pH 8.5 ) Tris-Cl
(0.1 M), 181 pL HIFHNZEEEEE (6 M), 0.9 mg ] PLP, AIAMEZE 30mg (EAERLE 5),
A, ERFR 900 L, T 30°C, 200 rpm FEIR KB 16h. LG, FRBAR RSN 2 51k
FRRIHEE, JE2), 12000 rpm, &5 3 min, B EJ3#, HPLC AW, 35K 210nm. #4584 %

%5

16
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R o
Sk - il - -
BE BlE 2 LR 3 B4
£k R R R R

L166I+RI46P+E 1 338+ R 1400+ HIIRF-VI94I+HEZS ot o
L1A6I+KI46RAF 1338+ K 140C-HTIRAVID4HFHE28 Y ON et =
LIs6+KI4A0RAF 1338+ K 400+ HTARAVISI-HE2B-E24V et
LIGOIHKI46R-FI335+KI40Q+-HT3R- VIO +HSIS+5 132K bbbt

LI66I+RKIA6RAF | 338K 40O+ HT3R+VIRdI-HEZS+TI78M et
LIs6IHKI46R+F 1338+ K400+ HTIR+VI94I+HEI5+E244 ettt

PR AR SEQ ID NO:1; EEXREAL R M E R RR R, -RRFEAY)
BIEE, VRS A S AU+ 3R, RN 155 5, RIS 5-10 £, RIS 10-20
£, +HHRRIESE 20-30 £, +HH+RORIRE 30-50 £, +HHHERRTRERT 50 £%.

SETtfs] 6

5mL PR BOFA 533N 30 mg 5ok 1. JERE 24 kL 3 FIJERL 4, SO pH 8.5 ) Tris-Cl
(0.1 M), 181 pL KRS EE (6 M), 0.9 mg () PLP, fIIABENEF 30mg (EAK W% 6),
A, EEFR 900 uL, T30°C, 200 rpm FEIK KM 16h. RV R E, FRBAARFIIA 2 mL
IR Mg, 12000 rpm, BS540 3 min, BEATEER, B EVE, HPLC kil ee fH. A 2 B R4
ok

% 6:
ee (%)
gedr ik . »
kb ok B3 | Bikba
LI66IKI146R+F1338 995 »99.3 #5995 »99.5
LI66I+K146R+A1681+K149H =995 =99.5 599§ #99.5
L1661+K146R+F1335+K 1490 =995 2995 =995 =99.5
LIGSIHEI46RAFIZ3S+KI400Q+HTAR R 998 =99,5 =495
L166I+K146R+F1338+K140Q+HT3Q 2095 #0995 #0995 =99.5
L166I+K 146R-F1335+K 1400+ HTIK =505 #9953 =99 § w995
L166I+K146R+F1338+K149Q+H75T »99.5 »99 5 »99.5 2995
LIGETHK I46R-F133S+K IA0Q+HTIR+VI04] =095 +99.3 90§ »99.5
L166I+K 146R+F1335+K149Q+HT3R+V1941+H82S =995 =095 #2995 »99.5
LI66IK146R+F133SHK 1400+HTIRFVIO4I+LISIR 99,5 =088 =995 #99.5
LISGIHEI46RFIASHR 400+ HTIRAVI4IFHE2 S99 5 =99.5 =995 =995
LIGCHKI46R+-F 1338+ K 1490+ HT ARV I94I+E24V =995 =995 =995 99,5
LIS6I+KI46R+F1A38+K 1400+ HTAR-VI 041+ HE2S+E24V =005 »99.3 99,5 99.5
St 7

17
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2L (PSR 43N 20 g JEkk 1 ATERE 2, I pH 8.5 (1 Tris-Cl (0.1 M), 120 mL )
FEWEEEREE (6 M), 0.6 g () PLP, MIANFZEE 20 g (AAANEE 6), 1BA, &8 600 mL,
T30°C, 200 rppm REIK XL 16he B H G, W) RSAR ZH AT 600 mL 28 2, 12000 rpm,
B0 3min, BHATAER. ARG AEEE, HPLC KM, MIERR. 4if K ee MM

#17:

Bk} Bz

AR Eo S B A e

{85 {9%) (%%} (%53 {053 {953
LIGAI+E146R+F1338 70 =09 095 | 70 GG w3
LISSHKI46R+A168T+K149H >80 259 =G5 | »EO =G w53
LIGGI+RKI46R+F1338+K 1400 =70 #59 =095 | w70 w00 e,
LISGIHEI46R+FI338+KI40Q+ETIR »70 259 9.5 | »F0 =50 »99,3
LIGEI+KI46RAFIA3SEK 14004 ET30 70 #99 =095 | =T0 =09 05,5
LIGEIHK I46RAF 338K 140+ HTAK =70 299 BH9S | w70 59 05,5
LIGEIHKI46RAFIR3S+K 1400+ HT73T 70 #09 B995 | wTO 05 05,5
LIGEIR I46R4+F 1338+ K I40Q+ETIR+V 1941 »70 299 BHGS | w70 59 +05,5
LI66I+K 146R+F 1338+ K 1400+H TRV I94I+HE28 =90 299 2995 | 90 =0 =595
L1668+ K I46RAFI33S+K 1400+ ETIR+FVIOMILISIR >0} =09 G905 | =90 00 =505
LIGEI+K146RFFI33S+K 1400+ T3RFVIV4IFHE2Q =00 #99 2GS | m90 P 508
LIG6HKI46RATI33S+ K140+ HTIRFVI4IHERV =Gy »0% PHG S| 290 #00 00,5
L166I+K I46R+FI338+ K 1400+ HTAR+ VI 94T+ HEI8+E24V =50 =50 =095 | =90 =99 99,5

MU ERR T, ATRAE . AR B i se it e Bl i N RRACR : AR R IE L
PRSI AIRE AL R AL AR ES A 1K) 50 A 38 TR R AR PR I 81 1 BEAT PR SGE, IR XRS5
ARARAE A 15 1) SR VDB RE AT AL 1% IR SLARGE REPE IR 0E , B2 3RAG 1 i B AT s i
RATVRBIRR, R AR LR AR N TR PRI T A B Pk A SR S M ) AR IR BB, E
{472 e FAH R (0T PR SR A A MDA AR

PR SO A S W L st 2, IR AT IR, X FASU I EAR N R
Kk, ABRTBUA BRSO A . NAEAR R IS AR W2 A, R AT 20, %%
RS CESE, SRR AR W A DRV 2

18
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1. — PR R A, HEHEET, ki e i R AR = 57415 SEQ ID NO:1 Fr
MERIERFIMELL, FEFE MDA KRAERAE: L1666V . K149Q/V/C/IW
K146R/M/A. A168M/V/I. H73T/N/C/Q. F133S/Q/M, “/” Fo~ “B” ; siE AW FfE—
A SRR RAR

L166I+A 68T L166IH+EK 146R+F 1330

L166IH+ATEEV L166I+E 146EA+F 1330

L166T+A 168N L1&66I+E 146B+F 133D

L166IHEK 149V« L166I+E 149Y+A168I+H T30«

L166IHE 149 Cs L166I+E 146E+A16E8+K 145H «
L166WV+AT6EM - L166T+E 146F+4168[+EK 14591+

L166V+A 168 L166I+E 146R+A16RIHE 1481

L166V+AT68VS L166T+E 146R+A 168+ 1458V

L16&VHE 145V« L166I+E 146R+A168HE 1458«

L166VHE 1459C L166THE 146E+A168T+HE 1451«
L1&66IHF13353+K 1450+ L166I+E 146E+A16E[+K 1487 »

L166I+F 1335+ L166I+E 146R+A168+H7Z T

L166I+E 146F L166[+E 146R+AT6E[+H T35

L166T+E 1460l L166T+E 146R+A168+H 73N«

L166IHK 1464« L16sIH+E 146E+A168HH7 20

L166IHE 146F+A168]- L1661+E 146R+A168[+H7 30

L166I+E 146F+A 1685 L166T+E 146R+A168T+E 149H=

L166I+E 146E+A168P= L1661+E 146E+A168I+E 149H+R 145K »
L166IHE 146R+A168F « L166THE 146R+A 168+ E 145H+R 1455
L166I+A16BTHE 145H L166THE 146E+A 16BHE 149H+E 1451
L166IHATERIHE 1497« L166IHE 146B+A 168+ E 145H+-R 145P
L166H+ATERIHH 73N L166IHE 146E+AT6EHE 145HAE 145 Y
L166I+A16BI+K 149H+R 145 L166I+E 146E+ATGRIHE 149H+R145EA+T2534 A+
L166I+AT6EIHE 149H+K 146 L166I+E 146E+ATGRIHE 149H+R 145K +T294 E=
L166IHE 146E4+F 1335+ L166I+E 146E+A16EHE 145H+RE 145K +T2%4 B
L166IHE 146B4+F 1358 L166I+E 146E+A1GRIHE 145H+R 145K +T254 ¥
L166IHE 146E+F 133 A= L166I+E 146R+A 168K 1459H+R 145K +T284F
L166IH+E 146R+F1335+K 1490
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LI166IHKI46R+AFI335+K149R

L1661+ KI46R+FI335+K 1401

LI66IFKI46R+FI335+K140M

LiaslI+KI46R+F1338+K149Y

LIoSIFKI46RAFI335+K1490+HT3R

LIOCIFKI4ORAFI335+KI490Q+H730Q

LIOCIFKI46RAFI335-KI49Q+HT3K

LI66IFKI46R+FI33S+KI400Q-H73T

LIGGIHKI4ORAFIZ3S+KI400Q+HT3S

LI66IFKI46RAFIS3S+KI400Q+H73W

LI66IHKI46RAFIS3S+K I400+H3R+V1I04]

LIioSIHKI40RAFI335-KI40Q+HT3R+V 1948

LI6GIFKI46RAFI335-K149Q+H73R+VI%4A

LI6OGIHKI46RAFI335+K1490Q+H73R+V1%4H

LIGOIHFKI46RAF1335+KI49Q+HT3R+VI94N

Li66IKI46R+FI33S-RKI400-H72R+VIOAIHE2S

LIoIFKI46RAFI335-KI490+H73R+VI94I+HE20

LIGGIHKI46RATI IS KI4OQHTIR-VIOIHS2E

LI6GIKI46RAFIZ3S-KIAOQ-H7IR-VIOAI-HE2T

LI66IEKI46RAFI335+KI40Q-H73R-VIO4IFHEZY

LI6GIEKI46RAFIZ3S-KI400Q-+H73R+V 04+ E24V

LI66IKI40RAFI335-KI4P0-H7IR-VIITEZ4S

LIGGIHKI46RAFIZ35-KI490Q+H7IR+VI04I+E24A

L1661 KI46RAFI3S-KI4OQ-HTIR-VI0AI+E24F

LI6GIKI46RAFI33SKI4OO-HIR-VIO+L151R

LIGGIEKIGORAF IS K MBOHHDRAVIOIFLISIM

LIG6IFKI46RAF I35+ K400 H7IR+VIOIFLIS1A

LI6SIFKI46RAFI335-KI490+H7IR+VIOIFE2AVFAT95S

LI6oI-KI46RAFIS3S-KI40Q-H73R-VIOIE24VEA295Y

L1661 KI46RAFI33S-KI400Q-HTIR-VI04I+E24VA205]

LIGSIFKI4ORAFI335+KI49Q+H73R+VI94I+E24V+A2950M

LI RI46RAT I35 K40 HTIR VI E24VEA2950

LI66IKI46RAFI3S-KI40Q-H73R+-VI0AI+E24V-T2044

LIGGIFKI4ORAFIZISK MOOHTIRAVIIFEV-T29R

LIGBIFKI46RAF 335K I4OOHTIR-VIITE2AV-T2940)

LIGGIFKI46RAFI335+KI400+-HT3R+VIOIFEV-T294W

LIGSIHKI46RAF1338+KI400Q0-+-HT3R-VI04IFE24VHT204V

L1661 KI46RAFI35- K400 HP3RA-VIOAIFE24VG235Y

L166I+-K146R+F1335+K149Q+H73R+VI94I+E24V+-G235H

LIG6IFKI4ORAF IS KI4OQHHTIR-VIGITE2AV-F236]

LI6GIRKI46RAFI335-KI40Q+-H3R-VIO+E24V-F236T

LIGSIHKI46RAFI338+K140Q+-H73R+V 194+ E24V-F236P

LIGOIHFKI46RFAFIS3S+RI400Q+HT3R+VI04I+EZ4V=F236M

L166I+K146R+F133S5+KI49Q+HT3R+-VI94I+E24V+F236V

LI KI46RATF I35+ KI490Q-H73R-VI94HE24VT236D
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LIGAIFKI46RAF 1335 K I490+-HTAR+VI94ITE2AVF2368
LI166I-KI146P-F [335+K1I490+H73R+VI941-HE2S
LI166I-K146R+FI335+-K1490-H73R+VI94I+-H82S+YON
LIG6IEKI46RAFI335- K490 HTARAVIGAIHHEZSHE24Y
LIG6I-KI46R+F 1335 K I490+-HT3R+VI94I-HRZS+S132K
LI166IFKI46RAFI335-KI490-H73R+VIO4I-HBIS+TITEM
LI166IFKI46R+F 1338+ K I400+HTIR+VIO4I+HEIS+E244A
L1665 KI46RAFI33SHRKI490-HTARAVI94IHHEZSHE2GY

2. —H DNA 707, HAMEFET, Frid DNA 704U 2K 1 ik i b R A4
3. —HEASRL, HEHMLET, PR EAFURIER A BN EOKR 2 B DNA 701,
4. —FhE RN, FARIEAE T, PriRfE RS ABONER 3 ik i B4 Uk

5. MRIEBORER 4 FrikinE B, LA T, FridfE F o0 i R A% 40 i B R A A
e JEAZ AR B K AT i

6. —MAE TN L, AT, kb s RABRIESR 1 ik MR iR
AR S AL & W AT e B S S G 40 »
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INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2020/093528

A. CLASSIFICATION OF SUBJECT MATTER
C12N 9/10(2006.01)i; CI12N 15/54(2006.01)i; C12N 15/70(2006.01)i; C12N 1/21(2006.01)i; C12P 13/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C12N; C12P

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNABS; CNTXT; VEN; WOTXT; EPTXT; USTXT; WEB OF SCIENCE; PUBMED; CNKI; H &2 RIEZ&; BAIDU

XUESHU SEARCH; %2218, AL, MEH, 24K, F1EME, transaminase, aminotransferase, Actinobacteria, mutant,
variant, chiral amine, Leul66, L166L, L166V, &I A%, inventors etc.; GenBank+EMBL+H [H & R EHFFH R R,

GenBank+EMBL+CHINESE PATENT BIOLOGICAL SEQUENCE RETRIEVAL SYSTEM; ¥fSEQ ID NO; 1 ¢ 7EHHAl
KAEL166I/ VA TR . Sequence search on SEQ ID NO; 1 and the L166I/V mutation occurring on the basis thereof.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A CN 107828751 A (ASYMCHEM LIFE SCIENCE (TTANIJIN) CO., LTD.) 23 March 2018 1-8 (in part)
(2018-03-23)
see the abstract, description, page 3, paragraphs 18-22, embodiment 2, and figures 1-3

A CN 107805648 A (ASYMCHEM LIFE SCIENCE (TIANJIN) CO., LTD.) 16 March 2018 1-8 (in part)
(2018-03-16)
see the abstract, embodiments 4 and 5, and SEQ ID NOs: 7 and 8

A CN 108823179 A (ZHEJIANG UNIVERSITY OF TECHNOLOGY) 16 November 2018 1-8 (in part)
(2018-11-16)
see the abstract, embodiments 1 and 2, figure 1, and SEQ ID NO:2

A TANG, X. L. et al. "Efficient Biosynthesis of (R)-3-amino-1-butanol by a Novel (R)-selective 1-8 (in part)
Transaminase from Actinobacteria sp."

Journal of Biotechnology, Vol. 295, 10 April 2019 (2019-04-10),
ISSN: 0168-1656,

pp- 49-54, see entire document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

«p>» document published prior to the international filing date but later than . &

e ] document member of the same patent famil;
the priority date claimed P Y

Date of the actual completion of the international search Date of mailing of the international search report

26 January 2021 03 February 2021

Name and mailing address of the ISA/CN Authorized officer

China National Intellectual Property Administration (ISA/
CN)

No. 6, Xitucheng Road, Jimengiao, Haidian District, Beijing
100088

China

Facsimile No. (86-10)62019451 Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)
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International application No.

PCT/CN2020/093528

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search

only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).
D on paper or in the form of an image file (Rule 13zer.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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PCT/CN2020/093528

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

(2]

This International Searching Authority found multiple inventions in this international application, as follows:

[1] Invention 1: Claims 1-8 (in part), set forth a transaminase mutant and related subject matter, said transaminase

mutant being relative to SEQ ID NO: L166I/V mutations in the amino acid sequence shown in SEQ ID NO: 1,
or mutations in other loci listed in the table in claim 1 in combination with mutations in that locus.

Invention 2: Claims 1-8 (in part), set forth a transaminase mutant and related subject matter, said transaminase
mutant being relative to SEQ ID NO: K149Q/V/C/I/'W mutations in the amino acid sequence shown in SEQ ID
NO: 1, or mutations in other loci listed in the table in claim 1 in combination with mutations in that locus.

Invention 3: Claims 1-8 (in part), set forth a transaminase mutant and related subject matter, said transaminase
mutant being relative to SEQ ID NO: K146R/M/A mutations in the amino acid sequence shown in SEQ ID NO:
1, or mutations in other loci listed in the table in claim 1 in combination with mutations in that locus.

Invention 4: Claims 1-8 (in part), set forth a transaminase mutant and related subject matter, said transaminase
mutant being relative to SEQ ID NO: A168M/V/I mutations in the amino acid sequence shown in SEQ ID NO:
1, or mutations in other loci listed in the table in claim 1 in combination with mutations in that locus.

Invention 5: Claims 1-8 (in part), set forth a transaminase mutant and related subject matter, said transaminase
mutant being relative to SEQ ID NO: H73T/N/C/Q mutations in the amino acid sequence shown in SEQ ID NO:
1, or mutations in other loci listed in the table in claim 1 in combination with mutations in that locus.

Invention 6: Claims 1-8 (in part), set forth a transaminase mutant and related subject matter, said transaminase
mutant being relative to SEQ ID NO: F133S/Q/M mutations in the amino acid sequence shown in SEQ ID NO:
1, or mutations in other loci listed in the table in claim 1 in combination with mutations in that locus.

The same or corresponding technical feature among inventions 1-6 is that the transaminase mutants on

which they are based are those described in SEQ ID NO: The amino acid sequence shown in SEQ ID NO:1

is based on a locus mutation and thus has improved transaminase activity, however the prior art document
(CN107828751A (23.03.2018), see specification page 3, paragraphs 18-22, embodiment 2, tables 1-3, SEQ ID
NO: (3) discloses the sequence relative to the present application SEQ ID NO: 1 There exists a transaminase
mutant with the A295G mutation, which also has increased transaminase activity. Therefore, the same or
corresponding technical feature among the above six inventions does not make a contribution over the prior
art and cannot be considered as specific technical features in the sense of PCT Rule 13.2, and therefore this
application does not comply with PCT Rule 13.1.

[
[

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable

claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.: Claims 1-8 (in part), relate to transaminase
mutants in which the L166I/V mutation occurs and related subject matter.

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 107828751 A 23 March 2018 None
CN 107805648 A 16 March 2018 None
CN 108823179 A 16 November 2018 CN 108823179 B 09 October 2020
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EANRE = RZRAREBE—ERER R TT535D

A [ o 2R B Aor A [ s R R R 2 TR, B0

(1] K81 BORIZER1-8 (E73) , BRI — M BRI KA S/, b a By 5 AR VR AR T-SEQ
ID NO: IFRERMRFINRALI66T/VRAR, S EIAA AR LR & T BUR R L&A B
P HE AL R I5RAZ

[2] KHi2: BOFIZER1-8 (HI3) , BRI — MR R AR KA R T/, Frid e By 52 VR AR T-SEQ
D NO: PR EEMRFFA A EK1490/V/C/T/WRAR, BB TR AL s R AR FE L4l & T AR K 1
TS B AL AR ;

[3] AHI3: BUFIZER1-8 (HI3) , BRI — M EBE R KA R T, Frid & B s 22 VR AR T-SEQ
ID NO: 1FREHREMRF IR AKI46R/M/ATAR, B A% AT m SRR FIR 2 A5 T AR BRI rp g
B e O R B 52 5

[4] KHi4: BOFIZER1-8 (HI3) , BRI — M EBE R KA ST, Frid & B s 22 VR AR T-SEQ
ID NO: 1P REHREMRTF IR AN CM/V/THRAR, B A% m SRR FIR 2 A5 T AR BRI p kg
B e O R B 52 5

[5] KHi5: BUFIZERI-8 (HI3) , BRI — MR BRI AR T/, ik & By s 22 VR AR T-SEQ
ID NO: 1P REHREMRF IR ANTIT/N/C/QRAR, Bl AT i SRR BB A5 1AM R T s
B e O R B 52 5

[6] %Hi6: BUFIZERI-8 (HI3) , iERO— M EBER AR KA R T, Frid s a B s 2 VR Axs T-SEQ
ID NO: 1P REHREMRF IR AF133S/Q/MRAR, B A% AT m SRR EIR 2 A5 T AR BRI p kg
B e AR AL

[7] I Y162 [A) A [R) BAR I RO R IEAE T T I B e R e AR R AESEQ 1D NO: 1T BRI P51
A B A T 67 s, AT B S s O s B 1, AR BORSCIE (ON107828751A(23. 03. 20
18), ZILULPH T3 TIE 18228, SLHif2, FR1-3, SEQ ID NO: 3) AFF T FHIAN T4 HiESEQ 1D
NO: IfF fEA295GRAR R IR AR IR, Z ARk R S s G E I, DRI, o6 TR B 2 [A]
A I7) A B BB AR AE A X B BOARAE TR, ANRERIA A REPCTSE 40 W 13. 278 S L ks s ARy
I, PR BB AN REAPCTSE REAN I 13, 1AL E o

L] s Teim A g T BRI A IR R B, AR R 2R 0 R A T R R A AR SR
o0 [ o TR b o e TR IR I 22 0 55 S0 ED Bt & TR R A SR B AT R, A 3 A A A (T I

3. I:l H1 T HE AN BUZ I T 50 BEOREAN R I 2R 2, ABIPRR 3R IR 00 A TR AL R ZER,  Bfhit
B, RBURIER:

4. IR N R I SR a0 i SOR AN OB Ik 3R 2. BRLE, AR R 35 DU AR ER B B et R R B
ORISR RAER1-8 (AR, W RKAL1661/VERAR I R B A8 1A AR

HEWHER [ ms A gen T mmkRse, RN T S, SR, 8T Sk
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(] s zsent ki mi .
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