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Abstract: [Background] Optically pure epoxides and vicinal diols are versatile chiral building
blocks. Compared with chemical synthesis, biotransformation mediated by epoxide hydrolases (EHSs),
an environmental-friendly way, has become the current research focus. [Objective] A gene encoding EH
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was cloned from Phaseolus vulgaris and heterologously expressed in Escherichia coli. The catalytic
characteristics of recombinant EH towards SO were studied. [Methods] By means of computer-aided
analysis of EH primary structure, a hypothetical protein from Phaseolus vulgaris (PvEH4) was
predicted to have EH activity. Using P. vulgaris total RNA as the templet, the PvEH4-encoding gene,
pveh4, was amplified by RT-PCR technique and expressed in E. coli BL21(DE3). To assay catalytic
characteristics of PvEH4, asymmetric hydrolysis of styrene oxide (SO) was conducted by E.
coli/pveh4 whole cells. [Results] The primary structure analysis showed that PvEH4 has the typical
characteristics of conserved o/p fold EH motifs. SDS-PAGE analysis displayed that the apparent
molecular weight of PvEH4 was 39.4 kD. The enantioselectivity (E value) of PvEH4 towards SO was
10.1, while regioselectivity coefficients, as and fr were 99.5% and 82.5%, respectively. As the
conversion ratio reached 68.1%, (R)-SO with 99.9% ees and 31.9% yield as well as (R)-PED with
92.3% ee, and 65.6% yield were simultaneously obtained. [Conclusion] The excavated PVEH4 not
only increases the number of plant EHs, but also provides a good reference for EH modification.

Keywords: Phaseolus vulgaris, Epoxide hydrolase, Enantioselectivity, Regioselectivity, Asymmetric
hydrolysis
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(Epoxide hydrolases EHs EC (R)-SO ees 95% 18%
3.3.2.x) (R)-PED  ee, 78% 34%
/ eep
(R)- EHs
(Styrene oxide SO) EH (PvEH1)
W (R)- (Phenyl-1,2-ethanediol (GenBank AKJ75509)
PED) NK-1
2 (PVEH4)
EHs PVEH4  E.coli PVEH4
rac-SO SO
EHs

Zhu (Vigna radiata) 2 PVEH4
EHs (Escherichia
coli) VrEH1E! 1 HMRETE
VrEH2M 1.1 Bk, BRfiEsns

R)- (E. coli) IM109  BL21(DE3)
(Enantiomeric excess ee) 70.0% 84.8% puCm-T ¢ )
100% PET-28a(+) Novagen
50% 5] LB [7] LB
eep 18 g/L
E EHs 1.2 EZERAFIFNE
Grogan [ UNIQ-10 Trizol  RNA
Beauveria densa CMC 3240 EH rac-SO SanPrep DNA
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( ) RNAPCR ExTagHs/
ExTag/rTag DNA DNA Marker
T4 DNA Marker TaKaRa
rac-SO TCI (5)- (R)-SO (S)-
(R)-PED
Eppendorf
SHIMADZU CycloSil-B
(30 mx0.25 mmx0.25 pm) Agilent
13 A%

1.3.1 EH BEEIREIZRM—REwW ST

NCBI (http://www.ncbi.nlm.nih.gov/)
BLASTp PVEH1
(GenBank AKJ75509) GenBank
EHs
65%
(XP_007144960) EH
(PVEH4)
Swiss-Prot (http://www.ebi.ac.uk/
swissprot/) PvVEH4 50%

EHs Clustalw?2 (http://www.ebi.ac.

uk/Tools/msa/clustalw2/)  ESPript 3.0 (http://
espript.ibcp.fr/)
1.3.2 PvEH4 4RAZEE M7 2
PVEH4 pveh4
(XM_007144898) Oligo 7

pveh4-F (5'-GAATTCATGGAGAAC
ATACTTCACAGAAT-3' EcoR 1 )
pveh4-R (5-CTCGAGTCAGAACTGCTTAATGAA

GTCATAAATGT-3' Xho I )
( ) pveh4
( )
30°C 8h 20 h 100 mg
RNA RNA Oligo dT-Adaptor
cDNA
PCR 5%PCR buffer

10puL dNTPs( 2.5mmol/L)3uL cDNA2pL
pveh4-F M13 Primer M4
0.5 uL ExTagHs DNA (5U/uL)
50 uL 94 °C
50°C30s 72°C60s 30
10 min PCR
PCR 10xExTaq buffer
5uL dNTPs( 2.5 mmol/L) 3 pL PCR
2uL pvehd-F  pveh4-R (10 pmol/L) 1pL
ExTag DNA (5U/uL) 0.5 ulL
50 uL 94°C2min 94°C30s 52°C
30s 72°C60s 30 72 °C 10 min

(10 pmol/L)

0.25 uL

2min 94°C30s
72°C

puCm-T E. coli IM109

( ) DNA

pUCm-T-pveh4

1.3.3 PVEH4 £ E. coli PEIFEREBR A
pUCm-T-pveh4 pET-28a(+)

E. coli BL21(DE3)

E. coli/pvehd E. coli/pveh4 E.
coli/pET-28a 2mLLB( 100 pg/mL
) 37 °C 220 r/min
2% 50 mL
37 °C 220 r/min ODegoo 0.6-0.8
IPTG 0.3mmol/L 16 °C 10 h
4 °C 8000 r/min 5 min
E. coli/pveh4
SDS-PAGE E. coli/pET-28a
Quantity One SDS-PAGE
ExPASYy (http://www.
expasy.org/) ProtParam PvVEH4
134 SHEGIESREY
250 °C 100 °C 5 °C/min
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Figure 1 The multiple sequence alignment of PvEH4 with eight plant EHs
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Figure 2 SDS-PAGE analysis of the recombinant E. coli
whole cells

M Marker 1 E. coli/pET-28a 2 E.

coli/pveh4.
Note: M: Protein marker; 1: E. coli/pET-28a; 2: E. coli/pveh4.
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Figure 3 The hydrolytic course curve of rac-SO catalyzed by PvEH4 and its GC analysisat 0 h and 4 h
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Figure 5 Three-dimensional structure (A) and active center (B) of PvEH4
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Figure 6 PROCHECK analysis of three-dimensional
structure of PvEH4
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