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hydrochloride. ®-Transaminase has been considered to be potential for producing (R)-(+)-1-(1-naphthyl)ethylamine by
asymmetric reduction of 1-acetonaphthone. Here, o-transaminase from Arthrobacter sp. was engineered by combinatorial
strategies of random mutagenesis and semi-rational design. Variants F225M, C281l, F225M/C2811 with improved catalytic
efficiency and thermostability were obtained. Compared with WT, variant F225M/C2811 showed 85% increased k., 56%
decreased K,, and 3.42-fold k../K.,. Furthermore, 22% higher conversion rate was achieved by F225M/C2811 at 10 mmol/L
1-acetonaphthone after 24 h. Based on molecular docking and molecular dynamics simulation, improved catalytic efficiency of
F225M/C2811 could be attributed to its increased Pi-Pi T-shaped interaction with substrate 1-acetonaphthone. Additionally, a
slightly higher half-life of F225M/C2811 was validated by its lower root-mean-square fluctuation (RMSF) value of loop

134-139 compared with WT.
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1716 5L L, FFH. ee fHRKTF 99%.

AWFEFE XA HFE B (Arthrobacter sp.) Sk 5
(1 -2 i ARTAP (WT) JE47 BEHL 2 A8 702 B
PEVTHARSE G RSB HREE , B eI Ab AR
ERE T R BN, DUHRR AR 1-Z8 21
A (R)-1-(1-Z5 ) e, IF A WA Ak k) 45
(R)-1-(1-Z53E) e 1 Tl Ak 1oy i 48 Ak vk e A Wy i
il

1 MBE5FE

1.1 #ME5EF

WAk S R . KAk pET28a, ik £k
% #F B8 Escherichia coli BL21(DE3). = 4H Jii %
pET28a/ BmGDH # pET28a/LpLDH k5256 % 1 4
FIEEARAT . pET28a/ARTA i 4 MER A= MR
A BRA FIA

LB K7 dk (g/L): BEE:Ry 5, &M 10, &
k4 10,

fitf . X500, 51900 DNA FEFI e« BREPEAR
2 PN U0 i RS TED A7) &5 1 F TaKaRa 23 ] o
Bradford £ ik I 055 6 W A A T A TR
(i) Bt A BRA T 51976 BFn DNA T H K
AR AT B F 58 AL
1.2 5% PCR RN KT E

L pET28a/ARTA Atk , ffi 5[4 P1 Fl P2
(% 1) HTHMFBY . 78 PCRIEA KR Z M
A 100 pmol/L MnCl, I T4 2 s 280 ffrqg
TAFERA 1-3 AR 8. 4 PCR = HyifkA Tl
Weatidb)5 , 355 Nde T A1 Xho T MU 5 A2
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F1 FEPCREEAXRTIY
Table 1 Primers for error-prone PCR and site-directed
mutagenesis

Primer name Primer sequence (5'-3')

P1 GTGCCGCGCGGCAGCCATATGATGGC
ATTTAGTGCCGATACCA
P2 GTGGTGGTGGTGGTGCTCGAGTTAAT
ACTGAACCGGGGTCAGC

Y67A-F AGCGACGTGACCGCAACCGTG
Y67A-R ATGGAACACGGTTIGCGGTCAC
W192A-F AAGAACTTTCAGGCAGGTGAT
W192A-R AATCAGATCACCTGCCTGAAA
G224A-F GCCGAAGGCAGTGCATTTAAC
G224A-R AACCACGTTAAATGCACTGCC
F225A-F GAAGGCAGTGGCGCAAACGTG
F225A-R CACAACCACGTTIGCGCCACT
F225C-F GAAGGCAGTGGCTGTAACGTG
F225C-R CACAACCACGTTACAGCCACT
F225D-F GAAGGCAGTGGCGATAACGTG
F225D-R CACAACCACGTTATCGCCACT
F225E-F GAAGGCAGTGGCGAAAACGTG
F225E-R CACAACCACGTTITCGCCACT
F225G-F GAAGGCAGTGGCGGTAACGTG
F225G-R CACAACCACGTTACCGCCACT
F225H-F GAAGGCAGTGGCCATAACGTG
F225H-R CACAACCACGTTATGGCCACT
F225I-F GAAGGCAGTGGCATTAACGTG
F225I-R CACAACCACGTTAATGCCACT
F225K-F GAAGGCAGTGGCAAAAACGTG
F225K-R CACAACCACGTTITTGCCACT
F225L-F GAAGGCAGTGGCCTGAACGTG
F225L-R CACAACCACGTTCAGGCCACT
F225M-F GAAGGCAGTGGCATGAACGTG
F225M-R CACAACCACGTTCATGCCACT
F225N-F GAAGGCAGTGGCAATAACGTG
F225N-R CACAACCACGTTATTGCCACT
F225P-F GAAGGCAGTGGCCCGAACGTG
F225P-R CACAACCACGTTCGGGCCACT
F225Q-F GAAGGCAGTGGCCAGAACGTG
F225Q-R CACAACCACGTTCTGGCCACT
F225R-F GAAGGCAGTGGCCGTAACGTG
F225R-R CACAACCACGTTACGGCCACT
F225S-F GAAGGCAGTGGCAGCAACGTG
F225S-R CACAACCACGTTGCTGCCACT
F225T-F GAAGGCAGTGGCACCAACGTG
F225T-R CACAACCACGTTGGTGCCACT
F225V-F GAAGGCAGTGGCGTTAACGTG
F225V-R CACAACCACGTTAACGCCACT
F225W-F GAAGGCAGTGGCTIGGAACGTG
F225W-R CACAACCACGTTCCAGCCACT
F225Y-F GAAGGCAGTGGCTATAACGTG
F225Y-R CACAACCACGTTATAGCCACT

Underlined codons of P1 and P2 are restriction sites. The
other underlined codons are amino acid codons after the
mutation.
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Wt U8 I 4T HPLC U % , {2344 4 Diamonsil C18
(5 um, 250 mmx4.6 mm), Fizshtl: OB @ K :
LTEME=70 : 30 : 0.05, ## A 1 mL/min, UV £
A 210 nm,
1.7 EBFMHREINE
1.7.1 %S ENE

P 1-Z% B B B 1 7E 0-40 mmol/L 1Y
JIE W W B B P, [ R R MR R
20 mmol/L, HAthZAARYE 1.6 ik i) i
afifb ey WT g8 BgY e 77, @4t Origin LA
YD 1-28 e B R AR b L HUIE 1 o AR BRAE
B8 14 B0 Kearw K FIT Kead Kin TEL
1.7.2  REEXT RN

e aifb J5 i WT R 8 A8 [ fE 20-50 C
(20°C, 25°C, 30°C, 35°C. 40 'C., 50 C) THY
FeiG 1, A W B L5 A5 il 1 e i s o Ik %
1.7.3  pH X} K& R

W72 Al Ak I 1 WT K 58728 B e AN [R] pH (B (pH
5.0-9.0) NG LLIE T, AT WT S
72 i i SN, pH o G2 MR 43 ) R T TR -
FreEmRsnZE b (pH 5.0, 5.5, 6.0). PBS ZZihii
(PH 6.0, 6.5, 7.0, 7.5, 8.0). H&EM-A AL
MK (pH 8.0, 8.5, 9.0).
1.7.4 #HEHWE

Yot WT K548 il 53 578 30 °C | 40 C
R GRS R RS, 0 AR AR R s T, 4
BT WT S H 58 A i () AR e 2k

1.8 EgMEL 10 mmol/L 1-ZE ZEi & 2

1 mL AR R f44E . 100 mU/mL WT %
AREER , 10 mmol/L 1-Z8 Z. [ , 100 mmol/L N &R,
0.5 mmol/L PLP, 10 U/mL LpLDH ##& , 1 mmol/L
NADH, 5 U/mL BmGDH [ , 10 mmol/L %5k,
100 mmol/L PBS Zz ik (pH 7.0), 5% ZFEEWI .

30 ‘C. 120 r/min JZhi 24 h, HA[E]5 5T
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24 h BIRERE I AL AL . @A HPLC I AN ]
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Fig. 1 Specific activities of WT and its mutants. (A) Alanine scanning. (B) Site-directed saturation mutagenesis of

Phe225 and combinatorial mutation.

F2 WT RRETAREFHME

Table 2 Enzymatic characterization of WT and its mutants

Name keat (h7) Km (mmol/L) Keat/ K (L/(mol-min)) ty/2 (h, 30 °C) ty2 (h, 40 °C)
Wild type 11.13+1.02 2.53+0.30 110.65+8.69 42.67+0.52 9.59+0.09
F225M 23.41+0.82 1.40£0.18 421.19+32.81 42.59+0.34 9.74%+0.05
C281l 17.33+£0.64 1.28+0.11 339.43+15.11 43.01+0.35 9.88+0.08
F225M/C2811 20.63+0.27 1.10£0.07 488.95+20.09 43.31+0.57 9.92+0.12
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Fig. 2 Optimum reaction temperature (A) and pH (B) of WT and its mutants. Buffers include sodium citrate buffer
(pH 5.0-6.0), PBS buffer (pH 6.0-8.0) and Gly-NaOH buffer (pH 8.0-9.0) were used.
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(A-B) 3D and 2D views of the interactions between WT and 1-acetonaphthone. (C-D) 3D and 2D views of the interactions
between F225M/C2811 and 1-acetonaphthone.
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