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Q44R+N156S+K200H+G201D+M 1461+ K61H+I86V+K28E +++
Q44R+N156S+K200H+G201D+M 1461+ K61H+I86V+K391 ++
Q44R+N156S+K200H+G201D+M1461+K61H+I86V+T65A ++
Q44R+N156S+K200H+G201D+M 1461+ K6 1H+IS6V+A94V ++++
Q44R+N156S+K200H+G201D+M 1461+ K61 H+I86 V+K208R +++
Q44R+N156S+K200H+G201D+M 1461+ K61H+K208R+K28E ++++
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+K391 ++++
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V + -+
Q44R+N156S+K200H+G201D+M 1461+K61H+K208R+A94V+K28E ++++
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K 391 ++++
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+T65A ++++
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+K28E | ++++

HOEARENE, +FRRIENE 0-5%, ++FR RGN 5-10%, +++5RRIGETE 10-50%, ++++7RR1E
" 50-95%

S 3

PL Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K391 it 4k L2817 5
AR I ERACEL RN 71 °C A0 1 h, ZRaME FvE !, S ADRERIHEITXEG, RREMER
AR R IETE S HIETETER E 70 .

fe I B S R ) TV 96 FLIRES O B RIEET R, BRI 200 pl BRI
(AHEEE 2 mg/mL, ZZHE &R 0.5 mg/mL, pH=7.0), 37 °C fRIEME 3 he BEIERI T &
SEIMANER, AJa IANJRYI(R)-1-(2,4- 5 A L), NADH 1 Buffer BIVESY), TANEEFRC,
£ 30°C, 340 nm P MRlbEsE, 4558 1R 4.

1~ 4
S— e E T
(% )

Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K 391 +
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+A46C ++
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K391+V47C+F59C ++
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K391+G43C ++
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K 391+ A15C+A46C+K?2 s
SE
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K391+A15C+A46C+K2 .
8R
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K391+A15C+A46C+K2 | +++
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5Q
Q44R+N1565+K200H+G201D+M146I+K61H+K208R+A94V+K39I+A15C+A46C+K2 s
SM
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+ A15C+A46C+K2
SA -
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K 391+ A15C+A46C+K2 s
N
Q44R+N156S+K200H+G201D+M 1461+K61H+K208R+A94V+K391+A15C+A46C+G4 -
3M
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K391+A15C+A46C+I86
N ++
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A9%4V +K391+A15C+A46C+G4 s
3M
Q44R+N1565+K200H+G201D+M 1461+ K61 H+K208R+A94V+K 391+ A15C+A46C+G4 -
IM+G36C
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K39[+ A15C+A46C+G4 s
3IM+I39V
Q44R+N156S+K200H+G201D+M1461+K6 1 H+K208R+A94V+K39[+ A15C+A46C+(G4 s
3IM+K71R
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K39[+ A15C+A46C+G4 s
3IM+A144T
Q44R+N156S5+K200H+G201D+M1461+K6 1 H+K208R+A94V+K 39+ A15C+A46C+(G4 s
3IM+Y 152F
Q44R+N156S+K200H+G201D+M1461+K6 1 H+K208R+A94V+K39[+A15C+A46C+(G4 s
3IM+K28E
Q44R+N1565+K200H+G201D+M 1461+ K61 H+K208R+A94V+K 39+ A15C+A46C+(G4 o
3IM+G36C
RFEFLENE, +5R BTN 0-5%, ++5R B0 5-10%, +++RRTETE 10-50%, ++++7% 75

" 50-95%

S5 4

FERgARE PRI md AR TR, R BRI PEAS 2P, R RS R PR i X AR AR R Ik 2 B
SPALZEY AN g, XA LA 0 B RS B A2 I A PR S, X LS R S AR A AR I 4k
Pe s R AMER I

o SC T3 ) 9 A8 A HHEAT T P S A4 0 PP B A2 A o o T P2 4 7E 190
RS HEAT IR 1h, ARG ERATENE, B2 R IO R AR S 0 A .,

_L.‘_}_,_‘L..

H B v v P AT DR IE,
iﬂg_ﬁéj\tkn éﬁﬂiﬂié 50

1 h, ZR)EMERRTEN,

B 52 P 7E 60%
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M My

7

C %

AR

K200H

K

[86V+M1461+K200H

K

M146L+K200H

K

M146L+N156S+K200H

K

K200H+G201D

K

Q44R+M1461+K200H

K

K61E+K200H+K237E

K

[86V+M1461+K200H

K

M146I+K200H+G201D

K

M146L+K200H+G201D

K

N1565+K200H+G201D

K

K200H+G201D+K237E

K

K28E+M1461+K200H+G201D

K

K28E+M146L+K200H+G201D

K

K28E+N156S+K200H+G201D

K

Q44R+M146L+K200H+G201D

K

Q44R+N156S+K200H+G201D

K

I86V+M1461+K200H+K61H

K

I86V+M1461+K200H+K208R

K

86 V+M1461+K200H+G201D

K

I86V+M146L+K200H+G201D

K

Q44R+N1565+K200H+G201D+M146l

K

Q44R+N156S+K200H+G201D+M1461+K61H

K

Q44R+N1565+K200H+G201D+M1461+K61H+K28E

K

Q44R+N156S+K200H+G201D

M146l

K61H+T65A

K

Q44R+N156S+K200H+G201D+M1461+K61H+I86V

K

Q44R+N156S+K200H+G201D+M 1461+ K61H+I86V+K28E

K

Q44R+N1565+K200H+G201D+M146I+K61H+I86V+K391

e S S

Q44R+N1565+K200H+G201D+M146I+K61H+IS6V+T65A

e S S

Q44R+N156S+K200H+G201D+M1461+K61H+I86V+A94V

e S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+IS6 V+K208R

K

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V

K

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K28E

K

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K391

K
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Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+T65A ok ok ok
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+ K391+ K28E TSR
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K 391 okt ok

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+ K391+ A15C+
A46C

e S S

Q44R+N156S+K200H+G201D+M1461+K6 1 H+K208R+A94V+K391+V47C+F
59C

e S S S

Q44R+N156S+K200H+G201D+M 1461+ K61H+K208R+A94V+K391+G43C ok

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+
A46C+K28E

e S S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C
A46C+K28R

e S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+
A46C+K28Q)

e S S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K391+A15C+
A46C+K28M

e S S

Q44R+N156S+K200H+G201D+M1461+K6 1 H+K208R+A94V+K39I+A15C+
A46C+K28A

e S S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+
A46C+G43M

e S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+
A46C+I86V

e S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+
A46C+G43M

e S S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+
A46C+G43M+G36C

e S S

Q44R+N156S+K200H+G201D+M1461+K6 1 H+K208R+A94V+K39I+A15C+
A46C+G43M+139V

e S S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+ K391+ A15C+
A46C+G43M+K71R

e S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+
A46C+G43M+A144T

e S S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+
A46C+G43M+Y 152F

e S S

Q44R+N156S+K200H+G201D+M146I+K61H+K208R+A94V+K39I+A15C+
A46C+G43M+K28E

e S S

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+
A46C+G43M+G36C

e S S S

RRBEM 521, *HRVEMH 0-5%, **RRIEM 5-10%, ***5RRIEMHE 10-50%, ***xhE 4
VEME 50-95% .
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AR FH B 220, #5RvE T 0-5%, ##RauEE 5-10%, WRATEME 10-50%, %
2VEM 50-95% .
SEHEA] 5

i F 98258 Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K39I+A15C+A46C+
G43M+G36C AT AE JRY) e p 5k, 4558 L3 6,

1) 25 mL ) MR IINEY) 2-FR O/ 2 g, JTAIANO01M K PB 7.0, 2 g FNEE, 20 mg
1] NAD+, 0.05 g Biid i gk, 82, BMFRN 10 mL, J 50°C. 200 ¥%¥EIR, <M 16
4ANINE

2) 25 mL ) e NI
) NAD+, 0.05 g i3

ANIE

§~t
)ﬁl

A

r‘%
T 7

IINJEY) 3-BoR O 2 ¢, JAINO0IM ) PB7.0, 2 g FHEE, 20 mg
g ARAR, VA, MAAFE N 10 mL, T 50°C. 200 B3R, =N 16

2

3) 25 mL PP IINJEY) 4-FEILIE A 2, A 0.1 M PB7.0, 2¢g FHEE,
20 mg ) NAD+, 0.05 g fiilid JREgRAA, JHE), BARFIN10mL, T 50°C. 200 #%#EIR, &
N 16 7N

4) 25 mL PN IR OB MR OB 2 g, AN 01M ) PB 7.0, 2g AEE, 20
mg ) NAD+, 0.05 g liiift 2 o284k, JRE), BEF A 10 mL, T 50°C. 200 ¥%48IK, &)W
16 7SS

* 6
Fra J&A) AL (%) ee
1 2-58 e 99 >00%
p) 3-F R L 99 >90%
3 4-H A LT 2 99 >00%
4 O W 21 i 99 >99%

DL B A R B R SR BT ., IR R FIRBIA RS, % T ASUsk A0 A A R
K, AR AT LA SR ORI A LT AR R AR R R I 2 1, FTERE T s
IR O, MR 7E A R U T L A
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A HE SEQ ID NO: 1 i,

A15. K28. G36. K39. G43. Q44. A46. V47, F59, K61, T65. K71,
BN

FITIA RAE A ik 22 /0 AL
AY4V |

PCT/CN2019/116360

Al

T

15l:. Eﬁl)_‘?

Wmfﬁﬁﬁﬁﬂﬁi f»@ﬁz;?ﬂ i E@%%{i,ﬁy H%Eﬁi‘;@%ﬂ{]%/jﬁg,$§uyif 95%|//L_:
5] — P B 2 3R R A1)

MRIEALRE SR 2 Bk BB SR g o8 AR iR, HAFIEAE T, Frid BAR RN mih 2/ 0 F5an
RAZZ —: A15C. K28A/E/M/Q/R/S. G36C. K391/V. G43C/M. Q44R. A46C. V47C.
F59C . K61E/H. T65A. K71R. A94V. A144T. M146I. Y152F. N156S. I86V. K208R
A K237E.

WRIERCRE K 3 Brid Bl IL Rl An R, HAMEAE T, Frid & R A FE s F—H
fr S H HF K® A Q44R+N156S+K200H . Q44R+N156S+K200H+G201D .

Q44R+N156S+K200H+G201D+M 1461 .
Q44R+N156S+K200H+G201D+M1461+K61H+I86V
Q44R+N156S+K200H+G201D+M1461+K61H+K208R
Q44R+N156S+K200H+G201D+M 1461+ K61H+K208R+A94V

Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C
Q44R+N156S5+K200H+G201D+M146I+K61H+K208R+A94V+K39I+A15C+A46C

Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K391
Q44R+N156S

MRAEAAER 1 B /Y
— ML RH G RAR
M146L+K200H . K200H+G201D .
I86V+M1461+K200H . M1461+K200H+G201D
N156S+K200H+G201D . K200H+G201D+K237E .

K28E+M146L+K200H+G201D \
Q44R+M146L+K200H+G201D \

RACNE, HRHEFET, Frid KA E 2

i i i

Q44R+M1461+K200H .

IS

Q44R+N156S+K200H+G201D+M1461+K61H .

~

K200H+G201D+M146I+K61H+K208R+A94V+K39[+A15C+A46C+G43M -

RS AR
[86V+M146I+K200H . M1461+K200H . MI146L+N156S+K200H .
K61E+K200H+K237E .

M146L+K200H+G201D
K28E+M1461+K200H+G201D .
K28E+N156S+K200H+G201D
Q44R+N156S+K200H+G201D

b1

.\

.\

N

[S6V+M1461+K200H+K61H. I86V+M1461+K200H+K208R | I86V+M 1461+ K200H+G201D

[86V+M146L+K200H+G201D \
Q44R+N156S+K200H+G201D+M 1461 .
Q44R+N156S+K200H+G201D+M 1461+ K61H+K28E
Q44R+N156S+K200H+G201D+M1461+K61H+T65A
Q44R+N156S+K200H+G201D+M1461+K61H+I86V
Q44R+N156S+K200H+G201D+M1461+K61 H+K208R
Q44R+N1565+K200H+G201D+M146I+K61H+I86V+K28E
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Q44R+N156S+K200H+G201D+M 1461+ K61 H+I86V+K391 .
Q44R+N156S+K200H+G201D+M 1461+ K6 1H+IS6V+T65A .
Q44R+N156S+K200H+G201D+M 1461+K61H+I86 V+A94V .
Q44R+N156S+K200H+G201D+M 1461+K61H+I86V+K208R .
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+K28E .
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+K391 .
Q44R+N156S+K200H+G201D+M 1461+K61H+K208R+A9%4V .
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K28E .
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+ K391 .
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+T65A .
Q44R+N156S+K200H+G201D+M1461+K61 H+K208R+A94V+ K391+ K28E .
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K 391 .
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+A46C .
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+ K391+ V47C+F59C .
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K391+G43C \

Q44R+N156S+K200H+G201D+M1461+K6 1 H+K208R+A94V+K39I+A15C+A46C+K28E .
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K391+A15C+A46C+K28R .
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+A46C+K28Q .
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K 391+ A15C+A46C+K28M .
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+A46C+K28A .
Q44R+N156S+K200H+G201D+M1461+K61H+K208R+A94V+K39I+A15C+A46C+K28S .
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K391+A15C+A46C+G43M
Q44R+N156S+K200H+G201D+M1461+K61 H+K208R+A94V+K39I+A15C+A46C+I86V .

Q44R+N156S+K200H+G201D+M1461+K6 1 H+K208R+A94V+K39I+A15C+A46C+G43M .
Q44R+N156S+K200H+G201D+M1461+K6 1 H+K208R+A94V+K39I+A15C+A46C+G43M+
G36C \
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+A46C+G43M+1
39V \
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+A46C+G43M+
K71R \
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+ K391+ A15C+A46C+G43M+
A144T .
Q44R+N156S+K200H+G201D+M1461+K6 1 H+K208R+A94V+K39I+A15C+A46C+G43M+
Y152F \.
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+K39I+A15C+A46C+G43M+
K28E \ A
Q44R+N156S+K200H+G201D+M 1461+ K61 H+K208R+A94V+ K391+ A15C+A46C+G43M+
G36C.
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L1t
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=TT

S

i ) Pl

A BRI K 6 BTk i) DNA 73

JHRIN 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 (+). 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
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