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Increase of 10-deacetyl baccatin III-108-O-acetyl transferase activity
with molecular docking simulation and site-directed mutation

OUYANG Pinglan"’, HUANG Jiajun'?, LIN Shuling'?, WEI Tao"?, LIN Junfang'?,
GUO Ligiong"?, LIU Junfeng', LIU Qigian'
(1 College of Food Science, South China Agricultural University, Guangzhou 510642, China;

2 Research Center for Microecologics Engineering of Guangdong Province, Guangzhou 510640, China)

Abstract: [Objective] To increase the activity of 10-deacetyl baccatin IlI-108-O-acetyl transferase (DBAT)
and the efficiency of in vitro enzymatic synthesis of baccatin III. [Method] Computer simulation of molecular
docking between DBAT and its natural substrate acetyl CoA was performed. Three amino acid residues
including C165W, N300I and F160C were chosen for site-directed mutation. The recombinant mutants were
expressed in Escherichia coli and their enzymatic properties were determined by reactions in vitro. [Result] The
relative molecular mass of each of the three mutant enzymes was 67 000, and the optimum reaction temperature
was 32.5 ‘C which was consistant with that of the wild type enzyme (DBAT). The optimum reaction pH of
DBAT"'*C or DBAT was 7.5, slightly higher than that of DBAT'**¥ or DBAT™*" (pH 7.0). Compared with
DBAT, DBAT®'®¥, DBAT"'*“ and DBAT™"" had 61.5%, 59.6% and 19.2% higher specific activities, 55.4%-
35.1% and 2.9% higher catalytic efficiency, as well as higher K, and v,,,,. [Conclusion] Hydrophobic

mutations lead to significantly increased specific activities for mutant enzymes compared with the wild type
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enzyme. This study provides a basis for efficient in vitro enzymatic synthesis of baccatin III, a direct precursor

for chemical semi-synthesis of anti-cancer drug paclitaxel.

Key words: 10-deacetyl baccatin I11-105-O-acetyl transferase; molecular docking; site-directed mutation; specific

activity; enzymatic reaction; baccatin III
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Table 1 Primers of site-directed mutation

AR 44 F M F5(5'—3")
DBATC'*Y F: CTGCCATGGTATATGGGATGGACTAGGAG
R: CTCCTAGTCCATCCCATATACCATGGCAG
DBAT™™ F:GGGATACTACGGTAT TTTTGTTGGTACCG
R:CGGTACCAACAAAAATACCGTAGTATCCC
DBAT"%° F:GATGAGTTGCTGCCATGGTATATGT

R:ACATATACCATGGCAGCAACTCATC

F 10 mL #9100 pg-mL ' &% H 5 R K LB ik
FraRdkh, 37 °C IR WL 1 mL R 2
100 mL 1) LB #4571, 37 °CL 220 r'min”' 2%
R 5532 2.5 h & Dgog nm IEE 0.6~0.8, JINKIHKE
5 0.1 mmol-L™ ff] IPTG, 20 ‘C. 120 rrmin”" 244 F
P57 18 ho 8 P GH M AE AT ASON) B8 B AR AT 1
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Fig.1 Three-dimensional structure after simulated
molecular docking
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7500
5000

M: DNA Marker DS15 000, 1~3: DBAT"'*’, 4~6: DBAT®'**Y,
79, DBATN}OUI

2 2R PCR P K 47

Fig.2 Electrophoretic analysis of whole-plasmid PCR
products
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A:DBAT #1 DBAT'C, M: BJJ F 7R 2 11 SR 43 - ) A7 (16), 1: DBAT HHEGWE, 2~3: DBAT WLV, 4~7: DBAT 4L B ik, 8: DBAT'C i
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DBAT™, M: B BY2E (A B AH X 4 T 5 AR AE (5), 1 MR, 2~5: A Be i

B3 EFEMRLEE SDS-PAGE Bk 534
Fig. 3 SDS-PAGE analysis of wild type and recombinant enzymes
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Fig. 4 Effects of temperature and pH on enzyme activities
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Fig. 5 Nonlinear regression curve of enzyme reaction
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Table 2 Enzyme activities and kinetic parameters
Eﬁfé %f\' 5 ‘iﬁjj/(Umg’l) *B XUL iﬁjj/% Vmax/(nm()l'minil) Km kcat/Km

DBAT 0.005 2 100.0 0.198 0.97 0.373
DBAT*Y 0.008 4 161.5 0.292 1.12 0.580
DBAT™™ 0.006 2 119.2 0.240 1.31 0.384
DBAT™¢ 0.008 3 159.6 0.320 1.43 0.504
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