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Site-specific mutation of w-transaminase and the biocatalytic
preparation of (S)-1-(2-fluorophenyl) ethylamine

YU Shuangrongl’z, QIAN Fengl’z, ZHANG Haimin"?, SUN Xinqiang3 , WANG Pu"*

1 Key Laboratory of Pharmaceutical Engineering of Zhejiang Province, College of Pharmaceutical Science,
Zhejiang University of Technology, Hangzhou 310014, Zhejiang, China

2 Key Laboratory for Green Pharmaceutical Technologies and Related Equipment of Ministry of Education,
Zhejiang University of Technology, Hangzhou 310014, Zhejiang, China

3 Zhejiang Changhai Pharmaceutical Co., Ltd., Shaoxing 312000, Zhejiang, China

Abstract: (S)-1-(2-fluorophenyl) ethylamine plays a crucial role as a chiral building block in
pharmaceutical synthesis. o-transaminases are widely recognized as environmentally friendly
and efficient catalysts for the preparation of chiral amines. In this study, we isolated a novel
o-transaminase, PfTA, from Pseudogulbenkiania ferrooxidans through gene mining in the
NCBI database. By employing semi-rational design, we obtained a Y168R/R416Q variant with
enhanced enzyme activity. This variant exhibited the ability to catalyze the synthesis of
(S)-1-(2-fluorophenyl) ethylamine from 2-fluorophenone, achieving a yield of 83.58% and an
enantioselectivity exceeding 99% after a 10 h reaction. Compared to the wild type, the specific
enzyme activity of the Y168R/R416Q variant reached 47.04 U/mg, which represents an increase
of 11.65 times. Additionally, the catalytic efficiency, as measured by K../K,, was increased by
20.9 times. Molecular docking and structural simulation analysis revealed that the primary
factor contributing to the improved catalytic efficiency is the expansion of the enzyme’s active
pocket and the alleviation of steric hindrance.

Keywords: (S)-1-(2-fluorophenyl) ethylamine; w-transaminase; semi-rational design; steric
hindrance

TG YRV 2 /N e F 206 B
LTI, T T2 AL T
TEELY P AL 90%M 259 M i 25 A
feerpaliA, Hrh 2 30%M28Y) %A F 1%
S5 IR B R it B 254 R B RLTT R
TRTT A4 BRI 254wk PV RGP R IR 254
PE AT S (9)-1-Q-FA L) eV 21
FPEMRIYE, A] TG TS 135 Sk il
R0 O R T Z B 09 S AT R IR N AU 1
(isocitrate dehydrogenase 1, IDH 1) il 516145 |

T A IV 3 D S R ik i e A iR A 2
il 8 T e e o 3 o P B A B R Y s TR Ak
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M, AR B s &R B TR A
I AR 0 A 2k ) 5 T P o TR B AT B o7 2% 1 T
L BREEACF . X BAE P R SR, AR
2 H Y A E WA BU(S-1-Q- 5K
B CME AR IARIE , AN HIT R — 2R LAY
A=A SR 5 R 2 . EARGE B AT T AR
LTI e (VA0 95 2R | B S L
IR B B A A TR I
J5L e A Wl U A L e AU R T B R it g R
(pyridoxal phosphate, PLP){KHi I, BEH:fb 2
A T A BEAR [ SR A2 R AT VR R RS . AR Al
FAURDIETIAE, 5 n] 0 o-55 2 i
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M oz, ozl HReEl o- 2R Y o
BRI EE RN, T o-F5 A ERE AL RIR . B |
A X L Y e, iy RS R S iz T

20 28 90 4EAY, Shin 53 1 & A 85 55 0
e DA 338 i R A5 B HLAG B ) 2R R 4 S E e
o- 7K 2T M B9 I I S (Mibrio fluvialis) JS17
HRE, HE KIS o520 VITA N
T PR AT FR A i 5L DR 4 0y 4
AR B RO R H #5830
R o-F% I R HOR B T E A, I AR
) U5 7 4 48 F kL 2 LR AL A vk AR U
Kaulmann 2517 ] o-5% 2 i VITA 23R 7 5]
FERER , IEE A F T (Chromobacterium viol aceum)
DSM30191 14 5L R 2 #2445 21— Rl by B 4%
S CVTA, H 5 VITA i 241 [ TR A 38%,
HEA o-fLA M HRsF5%3E: D259 (45 PLP JE
A . K288 (HEALTH ML) FI R416 (55 o8
FRARTE LR A ). T 4k [ S U SR 2 S R 2 42 4
2, MR RS E] o-F 20 ATA-W12, H
AK: 500 mmol/L ) 1-boc-3-WRIEER L 58 4%
1M (S)-(+)-1-boc-3-Z FEWR 1E .

AR R R BRI BT Y - S WA 2 ok
2, (HAIAT o-F 2 1 A0 ) 35 TR e AT i
VL, AnEE R PR E AN ERART R
T B BRE ARFI Y S APl —E
FERE BRI T o-F 2l Tk Ak

15T T s T T e T
PASEPERH FE IR . S LR (Y S 2 2010 4F:
Savile 2% HA (RIEFE M) o-55 2 ATA-117
HEAT T 11 SR 1) Ak, TV Al 8] 7T T A
B AL TG PR T T 28 000 fF, A8 Rd11
REXE 200 /L VG METT FT AR 4% bk B4 25 )
PO BT, R IR 92% , XA ad
(enantiomeric excess, €€)>99.5%., 51k2EkH

o, M ARSI TPy e b

&: 010-64807509

TR N, HR N R AR AT A B
1LV 4 JE AR . Novick S5 P2 & 1 5 TR
MO B AR SCEE TR D I B Y LCZ696 i
Mo 2 — B9 VD EE L Tl Ak A7, XA (S
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WAL RIS T 22%, Xie %% BpTA
K45 A D AS IR T e, 15 B A AR A
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1A

1.1 E#RF R

LUK JE T Vibrio fluvialis i o-55 % i VITA
QIRT I ER, N NCBI B 24815 210k
JEF Pseudogulbenkiania ferrooxidans 1) -4 % it
PfTA (GenBank Accession No. WP_008952788.1),
X R ) UL S, At R
R R /)G O T pET-28a(+)
HAR b T RE PITA A 0 E 8 K AT
(Escherichia coli) BL21(DE3)/pET-28a(+)-PfTA
H AR S92 36 2 g A T DR A
1.2 T A5

PrimeSTAR Max DNA 4§y { TaKaRa
ZvwH); Dpn I H BilEE = RAEVEARA RS
CIERDiE &7t o o B 1) 10 B 8 il e
1 Bradford & ¢ I € 05 & H AR T AEY)
AR B AT FRAA W) 5 2-960K S B L it
B T AEACRHIR MDA IR AT (9-1-(2- TR IE)
LW 1-(2-FRAIH) S e B b it i AR ) B2 2
FHABR AR Hoar G 4 i & oAl
1.3 REMSRRFEFMR T X ENZEIL

i# 1k SWISS-MODEL [ 3fi(https://swissmodel.
expasy.org/)X PfTA #E17[REEMRE, 75 SAVES
] i (https://saves.mbi.ucla.edu/) I~ X #& #Y i 17
Al EEPEPEAS . {# FH AutoDockTools 244 %+ PfTA
FURY) 2-FR SR #4770 %142, ] Discovery
Studio PF/FHTXREIR, WiE 2-904 £ 1A
Bl 5 A JuE N Z R IR AL . XX S g FE IR Ak
BTN AR R, BN @R )5 16
PESE = O AT B SR AT S, B S K B A
R S R AT B IR

RAZNJER AR« A pET-28a(+)-PfTA Jifi
L AR Ay AR AR (H) JaE 28 im 5 728 A I i 42 B g SR AR
RRYBORCAE S PCR #54iR), PCR 341K Ry
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PrimeSTAR Max DNA A& H§(2x) 10 puL, itk
JOkL 1 pl, IERESII(ER 1)4% 0.5 pl, XWZEK
8 uL; PCR KNiAZR K : 98 °CHIZEM: 2 min;
98 °C7ME 10's, 55 °CIB K 15's, 72 °CIE# 1 min,
PEI 30 5 72 °CAAEAf 10 min, FEELZE 4 °C
TRAF PCR W28 1% AR ARE A L UK B0 T 257
KNG T Dpn LS AN B, R B bR
kL A E. coli BL21(DE3)EAZ A 4frf, %
B2 ST T 50 ng/mL RAFEFEAY LB -
Mr B3557 16 h, PREURR M B GE T 3E 1 T T 49
TIE, 36 UF by BH A 5 B 7 J il 2 H I s A T R A7 o
14 HHFEMIEFABIESRIE. gt

W EA WM ZRA S mL & 50 pg/mL R
AREE R M LB K EL it , 37 °C. 180 r/min
3% 10 ho MBI 1 mL WREM 25
50 pg/mL FAREE R AU 100 mL LB 5537 A9 FE
H1,37 °C.180 r/min 535 2 h, b5 K16 % 16 °C,
AL N 0.2 mmol/L B IPTG, T 16 °C,
180 r/min 33k 16 he ZJ5, T 8 000 t/min,
4 °CE§.L> 10 min YA, H 50 mmol/L /Y
pH 8.0 /2 #f (potassium phosphate, PB)Z% ik
VRV 2 UOFERANE, TUKIE &M T ke
(D1 400 W, #H7 3s, [AE 7s, TAE 10 min)
J&, 8000 r/min, 4 °CE#.L> 5 min, fifg FIHRK
25022 um KB UE S 1S B RS W . SR H
Ni-NTA #E4ifk, FFEJE A 20 mmol/L R
B PB P28 1, A& 250 mmol/L
Dk PB ZZohi vE B IF IR HIE M, &5
Ffl 50 mmol/L () PB Z& i (pH 8.0)7E1 78 JE s
PrlrEr, RIS 2 4l EE .
1.5 BgEHNE

fif§ 1% )1 BN (U)E X - 40 °C .pH 8.0 514 F,
DL 2-F8 K MY, B0 b A % 1 nmol
[ (S)-1-(2- FR AR 3k ) 2 BT 75 11 il o Sk — A
fitg 1% 1 A
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Table 1  Primers used for alanine scanning and saturation mutation

Primer name

Primer sequence (5'—3)

F22A-F TGCACCCAGCGACCGACACCGAGAGC
F22A-R GGTGTCGGTCGCTGGGTGCAGATGGTGG
L59A-F GTATGGCAGGTGCGTGGTGCGTTAATATTGG
L59A-R CGCACCACGCACCTGCCATACCATCC
W60A-F GGCAGGTCTGGCGTGCGTTAATATTGGATATGG
W60A-R TAACGCACGCCAGACCTGCCATACCATCC
F8RA-F ATAATACCGCGTTTAAAACGACCCACCCGGCGG
F88A-R TGGGTCGTTTTAAACGCGGTATTATAATACGCCAGTTCATCC
Y153A-F GGAATGGCGCGCATGGCAGCACAATTGGG
Y153A-R CTGCCATGCGCGCCATTCCAACGTCCAATCAG
M166A-F TGGGAGGCGCGAGCTATATGCATGAACAGG
MI166A-R TATAGCTCGCGCCTCCCAGTGACGCAC
Y168A-F GCATGAGCGCGATGCATGAACAGGGTGATCTG
Y168A-R TTCATGCATCGCGCTCATGCCTCCCAGTGAC
K288A-F CCGCAGCAGCGGGTCTGAGCAGCGG
K288A-R GCTCAGACCCGCTGCTGCGGTAAACAGATCC
G319A-F TAATCATGCGTTTACCTATAGCGGTCATCCGGTTG
G319A-R TAGGTAAACGCATGATTAAAATCACCACCTTCTGCCAG
F320A-F ATCATGGTGCGACCTATAGCGGTCATCCGGTTG
F320A-R GCTATAGGTCGCACCATGATTAAAATCACCACCTTCTGC
T321A-F TGGTTTTGCGTATAGCGGTCATCCGGTTG
T321A-R GACCGCTATACGCAAAACCATGATTAAAATCACCACCTTCT
R416A-F GGCATGAGCCGCATGCATGAACAGGGTGATCTG
R416A-R ATCACCACATGCCGCCATAATCAGATTATGACGAAAAAAAA
Y168R-F GGCATGAGCCGCATGCATGAACAGGGTGATCTG
Y168R-R GTTCATGCATGCGGCTCATGCCTCCCAGTGAC
Y168P-F GGCATGAGCCCGATGCATGAACAGGGTGATCTG
Y168P-R GTTCATGCATCGGGCTCATGCCTCCCAGTGAC
R416Q-F TGATTATGCAGGCATGTGGTGATCATATGGTTGC
R416Q-R ACCACATGCCTGCATAATCAGATTATGACGAAAAAAAATATC
R416D-F CTGATTATGGATGCATGTGGTGATCATATGGTTGC
R416D-R CCACATGCATCCATAATCAGATTATGACGAAAAAAAATATCACG
R416C-F CTGATTATGTGCGCATGTGGTGATCATATGGTTG
R416C-R CCACATGCGCACATAATCAGATTATGACGAAAAAAAATATCAC
R416V-F CTGATTATGGTGGCATGTGGTGATCATATGGTTGCAG
R416V-R CACCACATGCCACCATAATCAGATTATGACGAAAAAAAATATCACG
R416G-F CTGATTATGGGCGCATGTGGTGATCATATGGTTG
R416G-R CACCACATGCGCCCATAATCAGATTATGACGAAAAAAAATATC
R416H-F TGATTATGCATGCATGTGGTGATCATATGG
R416H-R ACATGCATGCATAATCAGATTATGACGAAAAAAAATATC
Jig 3% 0 72 S W AR 2 . 50 mmol/L, pH 8.0 [ SNSRI , [ SONARZ I 100 pL 1)

PB 2% 1 mL, 5 mmol/L JIE#), 100 mmol/L 5%+ 4 mol/L NaOH AWK i, 2 AT 2,
WL REY , 0.5 mmol/L PLP, 0.2 mg/mL 4[ifi 12 W6 (5 4.4 mmol/L + b E R NARIN AL,
Wi, 40°C. 180 r/min JZ % 20 min. B E IR CERH, FTC /KB BREE T % .

&: 010-64807509
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B 200 pL 2R OBRZEHGK, A 5 pL PRI
IS pL mbRE, ZE TR RN 30 min {7749
Jie 75 40 fir A AR BT, 2 0 L ASCOHE £ 3 3 R
(9-1-Q-FUAREL) LM & i IF TR %, SAHE
TERTIN SR R 7820A SAHAIEAX,
Varian CP-Chirasil-Dex CB 4045 S A 4354
(25 mx0.25 mmx0.25 pm), FID #illg%, yEAED
L RIS I I RE 45k 250 °C, THERT . #)
AU EE K 70 °C, LA 20 °C/min B FHE# R T2
120 °C, FELA 10 °C/min A9 FHEHE R T+ 2 160 °C,
PERERE 1 uL, JiE 2.5 mL/min, 2 1501,
HNE AR, Wk 2 mL/min,
1.6 KITERIFIE

I 4 20 B A Al 1A T 9848 SCRERI R - 0
2 UG AN G AR A 28 R e R M A 3 3R A 5
F TN =T S N A 874 B 1), [ Y PR VR N
ZM: 1 mL Y 50 mmol/L PB 2§ i (pH 8.0),
5 mmol/L Ji§#¥), 100 mmol/L 5PN RicEh ek,
0.5 mmol/L PLP, 50 g/L {E 14, 30 °C . 180 r/min
R 2 h, #% 1.4 PRk -1-Q-#R %) &
Jlig &, DAEF AR Y (wild type, WT)E 1 B 15 10
B G B AR R TE PR 100%, T3 28 A 74 14 1 A AR
X
1.7 HREBHEFEERAR

B MRS SR ERS , 43517F 20,30, 40,
50, 60 °CT FI FHAEG WA THEAL SN, DA A vy il
TR 100%, THEILAL ST A AR X i o

LR E RN pH B, KAl B A )
F B T3 8 4 50 mmol/L ) PB £ i (pH 6.0,
7.0, 8.0). Tris-HC1 Z& /i (pH 8.0, 9.0)FIH &
2-NaOH Z2 P (pH 9.0, 10.0) #4744k 2
B, DA S 100%, 8 HADZ0F T (1)
AT Bl o

T FE S TR pH 414, 4Bl 4
HWEAL 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0 mmol/L

http://journals.im.ac.cn/cjben

f 2-FEPE M, B 20 min JEAGIF=H1(S)-1-2-9K
W), R Origin FAF#EATAEL PRl
LWA T EER v-[STE, TR Koy Vi
Keat 2 Kear/ Ko 1L o
18 REHMEL 2575 ZHHE(S-1-Q-F
AE) Rz

HAEEE T RN MEERRERR A | Bk E
JIG YU 2R (S)-1-(2- A IE) & e 7 AR 1) 520
TEBURAR 25 AT, Ak 1T 2 ¢ S g st 8] X5 (S)-1-(2- 8L
I W s . RASRAELL 2-F R 2
1] 1] £ (S)-1-(2- 92K 38 ) 2 e 1 A A e I 4% 1
A+ 1.6 mg/mL 4R , 10 mmol/L 2-3 7K Z il ,
400 mmol/L 5N iZ#h 2k, 1 mmol/L PLP, 2%
DMSO, JilA 50 mmol/L, pH 8.0 i) PB 2% ik
FEEABH ImL, 25T 1. 2, 4. 6, 8, 10h
BRI (S)-1-(2- 9 A 38 e B
1.9 RTHIEHEREYND FERSHT

KT 1.3 JIrad 7 v X 9 AR AR A T [ 5 A
I FXH4%E, H Discover Studio #4434t WT Fl
RAFRH 2-5OR S 5 A R Y B AR TS
PEOZ AL, DA 2-50R T 5 2 R 5 S e 1
Mk "% Ji% (phosphopyridoxamine, PMP) (PMP A4
fiti PLP 75 A i H Az 5 A — i se ST e v [ 44%)
RIFIEAEA 1, F Pymol #4453 H1 R A8 1 I T
= HEGEH AR

2 BRS04

2.1 PITA EEWEZRERIRER

DL VITA W2 IERR 175 i #%T , AN NCBI %4
P PRI o-F =l PITA, HS5EREHHT
HUFALEE A 35.76%. 7E SWISS-MODEL [ I,
LI [ 45 €6 FF 4 (Chromobacterium violaceum) , 4
BUEE K 79.26% 1) w-55 2 (PDB ID: 634G 1.7 A)
S RZE R AR, X PFTA ME47 R U5 A, 155
PITA/PMP &5 W —4EBIRI(E 1), HEIZER
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1 PITA =4 4Z#HE

Figure 1 The three-dimensional structure diagram of PfTA.

7R PITA S ZRAKS5H, 2 4> PMP 341l
BLT BT 2 NG P AR I . A SAVES il
XA AT AT SR PRAL PR IR A A R TR
Tpc i DX (AT ) FRRR b 7o/ DX B (B0 ) 1 e
b7 B 99.3%, ERRAT 255 b 7 A 760 e {4
WHETFH 90.44, FHIZHARIATEE

2.2 RTLSHNEERTHKIFE

ST R BN, W R mH 12 4
RILFRIRFLA B (E 2): F22. L59, W60, F88,
Y153, Y168, A231, K288, G319, F320, T321
1 R416, WT/PMP E-5W'5 2-F 2 Bl i+ 5.
YER 1A 5 AEfEte )y a MEER T 14
Pi-FHE TAEH J1. 14 Pi-Pi EBUWER 1. 14
Pi-Pi T JEAE R 1Al 1 A Pi-ki SEAEFH 7.

WK 3A BN, XTBR A231 ISR 11 NG
PEFPLOEREE A TN AR IR R A, RIMHAR
AFfR R416A Fll Y168A MYAHXTIGMERE T WT,
L59A . WG60A . F88A MYAHXTTE PERFAL, HA
RGBSR TN AR 5 I o8 e Ak an &l 3B
3C Fion, XF Y168 il R416 7 m5 43 B 4T 7 5
MRS, K 168 (i) Y €458 R, P, A

&: 010-64807509

ARG PEER A, Hob Y168R MUTEMER S, A
WT % 1.20 f%; # 416 i) R €458 Q. D. C,
A. V. G, HBENGEMA IS, P Y168R 1Y
R E, N WT B 1.41 £%; & 3D FiR,

Y168 F1 RA16 {7 f TG M4 = 1 S A (A 738 in

Interactions
[] van der Waals

[ Pi-Pi stacked
[ Conventional hydrogen bond [ Pi-Pi T-shaped

[ Pi-cation [ Pi-alkyl

El2 PITA 52-BXZEMEEERNSH
Figure 2 Analysis of the interaction force between
PfTA and 2-fluoroacetophenone.
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Figure 3 Relative activities of WT and mutants. A: Alanine scanning. B: Saturation mutagenesis of Y168. C:
Saturation mutagenesis of R416. D: Combinatorial mutation of Y168 1 R416.

AR AR 11 MBS WT G s n e as ik, H

H1 Y168R/R416Q HiE MR &, iy WT 1 1.52 1,
[AJHF Y168R Fl R416Q HJ2: 2 /M 48 i R AR
JE s e R Y, 2 Y168R Fl R416Q X )
PETERZTTZ M. WG e 25 R R,

Y 168R/R416Q AN HAFE S 47.04 U/mg, 5

http://journals.im.ac.cn/cjben

WT ) 3.72 U/mg 3255 T 11.65 75, BGEH Y168R/
R416Q #4175 2e b 5% .
23 EEEMRAH

W HREE X WT 5 Y168R/R416Q 1% P i 5
WA 4A B/, WT 45 Y168R/R416Q Ay fcid
JN R EE Y Ry 40 °Co SRR L 40 °CHy, WT
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Figure 4 The effect of reaction temperature and pH on the enzymatic activity of WT and Y168R/R416Q. A:

Reaction temperature. B: pH.
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Table 2 The kinetic parameters of WT and

Y168R/R416Q

Enzyme K Vinax Keat Keat/Kin
(mmol/L) (nmol/(L'min)) (min"") (L/(mmol-min))

WT 1.75 0.74 188.01 107.43

Y168R/ 1.68 15.56 3953.25 2353.12

R416Q
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