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(1. VLR R2% 252408 1008 Jo8 2141222, 1L K2 B9 TRE2ABE VLI Jo8) 2141223, 1L K% o8 B2
Be YL78 Jo8 214122)

E. AA RT-PCR # KRN F1E £ W F  (Aspergillus usamii) EO01 % RNA ¥ 43 T — A #7 &
FREAH KRB AuEH] 49 % AN B Auehl . ¥ AR5 R X ik pET—283(+) H A AR
A # (Escherichia coli) BL21(DE3), %k A B T4 & E. coli/Auehl IPTG # F % X ¥ 41 AuEH1
(reAuEH1), AR ZA B ko mt kE LiFEH reAuEH] Bk . 544 R A ,reAuEH1 A
8.12 U/mL; A 5% &R B 4 40 °C, £ 40 CAR A FAE ;& pH 4 6.5, 4 pH 5~9 JL B AAZ ;BT
MAe BT (ke Agfn Cu*sh) & EDTA #f reAuEH1 & &% R K, £ 40 mmol/L 5% B2 47 4 7 ik
(pH 6.5) .20 mmol/L #h i # R AKX Tt ((R,S)-SO) #= 0.8 U/mL reAuEH1 4 % (#4442 6 mL)
¥ 35 CR A 50 min, 73K F 1 =4 (S)-SO 69 B R = & H 30.8% steeikidt & (e.e.) 1E>99%,
KBIR: FEE W E ;LAY KB F X BEFH AFraF M (S)-FAR LK
FESES:Q 556 XHEIRERL:A XEHS:1673—1689(2017)11—1157—06

Expression of a Novel Epoxide Hydrolase AuEH1 from Aspergillus usamii and
Its Enzymatic Properties

LI Xinggian', HU Die*, HUANG Bomei’, LI Xueting’, KANG Yanjun’, WU Minchen”
(1. School of Pharmaceutical Science,Jiangnan University, Wuxi 214122, China;2. School of Biotechnology,
Jiangnan University , Wuxi 214122, China ; 3. Wuxi Medical School, Jiangnan University , Wuxi 214122, China )

Abstract: A gene encoding a novel epoxide hydrolase (AuEH1),Auehl,was amplified from the
total RNA of Aspergillus usamii by RT-PCR technique and ligated with pET-28a (+),followed by
transforming the recombinant plasmid,pET-28a-Auehl ,into E. coli BL21 (DE3),forming an
engineering strain E. coli/Auehl. The recombinant AuEH1 (reAuEH1) was expressed in E. coli by
IPTG induction. After the cells were disrupted by sonication, the supernatant was collected and used
as the reAuEH1 solution. The analytical results indicated that the activity of reAuEH1 was 8.12
U/mL. The temperature and pH optima of reAuEH1 were 40 ‘C and 6.5, respectively. It was stable at
a temperature of 40 ‘C or below,and at a pH range of 5~9. Its activity was not significantly
influenced by EDTA and metal ions tested except for Ag" and Cu*. Under the conditions of 40
mmol/L potassium phosphate buffer (pH 6.5),20 mmol/L racemic styrene oxide ((R,S)-SO) and
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0.8 U/mL reAuEHI1,in a final volume of 6 mL,the hydrolytic resolution of (R,S)-SO was
conducted at 35 C for 50 min. The chiral product (S)-SO was obtained with a molar yield of 30.8%
and an enantiomeric excess (e.e.) value more than 99%.

Keywords: Aspergillus usamii,epoxide hydrolase,expression,enzymatic properties,enantioselec-

tivity, (S)-styrene oxide

Xof e 4l PR S A W R — 2 G BT R 5 W Y )
Bo e BE 24 R 24 RN A e A AR B 2 N ] A
B, WNFPEIRIE-2 3-FR SR LR (S)-T5 4
JKH I AT 3 S T 58 RS I R A 0 2K A
(S)-A I LKt (styrene oxide,SO) 7] H FH1 L%
254 (-)-hyperolactone C FIZEBKIE (Levamisole,
— PR RGO 25Y)) 8GR S AL,
A i ) o TR P AR ) B A X B R R | S
S U N B BRI R A R P B O] g3 Sl
AR 312, I R FH AR 3 D it AN X R A S A 1
FEM R N0 2 R B S A W K Sk g % 20 A1 T e
WAALY) . MEM, BV EAT LIRS T
FVRTE , T 20 5,

WAL K (epoxide hydrolase, EH,EC
3.3.2.3) BEHE VA A 2 S AP A IOAH I ) 4
LA B e — X WA DGR ) 3R B EHs , AN UK
Iz il i kB R R H R A RIS X
M 35 56 v A R SO I AR OR R AR 9 EHs UK
it A% 43 S0 T T B 48 A0 L AR B0 S Ak ) Bl 4R
B X AR A TS AL Lee S50 B FI R 35
TASLLEELE (Rhodotorula glutinis) EH gati 3L A | IF
I TE ML A R 38 RgEH 9 5 2H 2 o5 9% B 41 il 7K fig
Prar (R,S)-SO, Bk (S)-SO Hy 7™ 3 % W fA i
1 (enantiomeric excess,e.e.) {H5 7R 36%H1>98% .
Woo 545 | Novosphingobium aromaticivorans 1)
EH B A 72 KW #F & b R Gk JF gl 7R B W
NEH, | i NEH 55K (R)-SO #9451k, If 7
(R,S)-SO il (8)-S0, H=#Hl ee. HIHH
11.7%F1>99% ., A SCAEH B MU I8 AR A. usamii
E001 14 Auehl BEIRTHE ¥k ,RT-PCR ¥ 1 Auehl,
He FAE R AT A BL21 P ak . M4l AuEH]
(reAuEH1) F) 225 BOR R HOK R0 (R, S)-
SO il & FHE 59 (5)-S0.

1 #rs7E

1.1 EHR RARANERE

FAEFEME (A. usamii) EO01 Ak B 1EH BT 7E
S A AR, KT (E. coli) IM109 BL21(DE3)
1223k kL pET-28a(+), 4 H Novagen /A #l 5 vi B
JUR pUCm-T, 14 [ i Sangon A F] . A. usamii 3%
FRIE 10 /L BREE PR S o/l BE R LY 20 of/LL 4
M5 ¢/ (NH,),S0, AT 1 ¢/L. (R,S)-SO,pH 6.0;
LB 555555 .10 o/L R AR 5 o/L BERER BRI 10
g/L. NaCl,pH 7.2,
1.2 FERFIFLEE

A RNA 238570 & 0 DNA i [t o) &, i
H L Sangon 23 7] ;RNA PCR i & .rTaq DNA
A5 DNA Marker, FR&IE N VIEE T4 DNA %4
fifg A1 & A B Marker ¥ g H K #% TaKaRa 2~ A
(R,S)-SO F1 (S)-SO, M H FifFps BALEH AR A
A ,GC-2010 A A5, H A% Shimadzu 28 7 7= i
CYCLOSIL-B FHAAH %4 (30 m x 0.25 mm x
0.25 wm), 32 [H Agilent BHE A F ™ i,
1.3 PCR 5| ##9i&it

A. usamii J& T RME (Aspergillus niger) B —
ANARFR EATAA BN S H AP A, W - H
Tt 3 A 1) TR R A >999% 114 5 11, 2 B8 NCBI 2
M) A. niger M200 EH g 5 5& K ¥ 91 | it — %47
14 Auehl %) PCR 5149,

Auehl-F;5'-CATATGTCTGCTCCGTTCGGCAA
G-3', FRIZH 3y Nde | B YT A

Auehl -R:5" -GCGGCCGCCTACTTCTGCCACA
CCTGCTC=3", F 453K Not 1 BEVIN 5,
1.4 AuEH1 % EE Auehl KT E

BEB A, usamii B0 % L Fh F 30 mL £ 37 K
H1,30 °C 220 r/min 5555 36 h, 250 WS B AR 15 I8
S5 RNA fl #2305 & 30 I B B AL usamii 5 RNA,
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PL RNA M #EHz Oligo dT—-Adaptor Primer 4 5| 4 ,
W S A i cDNA 55— 4 5 LIZBE IR A uehI-F
Al M13 Primer M4 Ry 514, #4755 —% PCR:94 C
3 min,30 MEH (94 °C 305,51 C30s,72°C90s),
72 °C 10 min; LAZE—%8 PCR ;=¥ MM Auehl-F
Il Auehl-R J519), #4755 — 4% PCR:94 °C 3 min,
30 MEH (94 °C 305,56 °C 305,72 C 75s),72 C
10 min PCR 77 ¥ 25 B BEAREE 1 L Uk 23 A | e [ml il
H Y%, 5 pUCm-T #3271k E. coli ]M109, 4
WA B 7 5 R T) 265 0 IR S, 2% [ Sangon /A )
DY . 00 1E 4 4 55 240 SR i 45 0 pUCm-T-A uehl .
1.5 Auehl EXBBFEFHRIE
6 I Nde 1 1 Not T XU V) pUCm-T-Auehl ,
FEE I Auehl , 5 2 R FERE VA pET-28a (+) i#
$ AR FH A R IR KL pET-28a-Auehl , ¥4k E. coli
BIL21(DE3), KR % LB FA i ik FH 5 1L+, 1%
1§ Sangon 22 WV FF o W A A A A AT (B
TR ) 4 M E. coli/Auehl, A& H B3R K
pET-28a(+) ¥ AL T4 M E. colilpET (%5 FIXIHR),
2 MR AV A 07 3k fE TPTG 2836 0.15 mmol/L
18 CiF T # ik reAuEH1, 100 mL i 5 £ B &
8 000 r/min B5.C WAL R A, AT 10 mL 85 W2 1 2% vh i
(20 mmol/L,pH 6.8) &V , M A I B0 A 240 i, g 46
EVEYEHN reAuEH] B . R SDS-PAGE 73 #7 5
HFRIRH)
1.6 SHEBEIWRITE
B it 43 A R AR A5 GC-2010 , T M AH
A CYCLOSIL-B A& KOG B e s i 4 sEAE
1RG0 28 9L 8 245 o8 250 °C; W1 B AER 100 °CL LA S
C/min JHE % 210 °C; #H A, it & 3.0 mL/min,
AU 1550, FERARIN A5 T, IECEE L (R)-SO Al
(S)-SO 1y 4 &4 B [a] 43 51 & 3.837.6.433 min Al
6.553 min,
Y=(S/C)x100% (1)
e.e.=[(S—R)/(S+R)] x 100% (2)
Hrpry f83 (S)-SO MEE/R ™2 ,S Ml R 43 milft 3k
(S)-SO il (R)-SO MR 2B/ E ,C A& (R,S)
—SO B hh BE IR MR i
1.7 EH i&MRINE
£ 1.5 mL EP & A 100 wL. (R,S)-SO %
W (200 mmol/L) 1 800 wlL % iz # 2% i i (50
mmol/L,pH 6.8),35 CHIAA 5 min; AIA 100 pL i&

L H B0 reAuEH B, WEHR S 10 min, HL 400
wL R A 800 wL LR 4B (% 5 mmol/L 1E
CEEMENFR), #Z1%3% ,8 000 r/min &5 .L> 5 min,
HCEZA MU, JEK MgSO, T4, it 0.22 wm A Hl
JEE 4 1.6 T AT M A0 1S S0 BT AE LRI S
T, 434K % 1 pmol (R,S)-SO Jir 75 B il i 5E X
HJ 1A EH WAL (U),

1.8 reAuEHI1 B3 1t RHI 4T

1.8.1 BJEsdEE e Hoa  FE 20~50 C T 1.7
J5 1 W R R R i R SR B e S M
(100% 1 XF g 75 ) e et o7 i T B K TR B T
20~45 °C TR 1.0 b, 4% 1.7 J7 20 % 7R AT B %
PAAR AR B (100940 X B 36 1) SR Xt B 55 4% il
TEETE 85%LA I 58 U AFRRE .

1.8.2 pH xI# &A% a7 pH 6~9 T4& 1.7 I
I E WG R . Bl pH R SR e e TG T
() pH {8, ¥ B AE pH 3~10.25 CCALHE 1.0 h, 4%
1.7 J7 200 78 SR AT M o AR AR TS PETE 85% LA L
A SCh pH FE

183 4 & & F4 EDTA S8 &0 Hh  F g
WA 5 AR 48 B F I EDTA 3 (AHE 1.0
mmol/L) 14,25 CALHE 1.0 h, % 1.7 J7 ¥ & 5%
BTG E . 6 B DL v U 4 JE B 1 s EDTA
1.9 reAuEH1 K #¥ 4% (R,S)-SO 7E 10 mL EP
By HImA 0.6 mL (R,S)-SO (200 mmol/L) 4.8 mL
W R AP 2% o % (50 mmol/L,pH 6.5) F1 4.8 U
reAuEH1 (A5 6 mL),35 CHEAT KT 43 [0
53 BIAE 20,40 .50 .60 min 1 80 min HUAE , 2 W 4%
1.7 kb AT ab B 04 1.6 7 vk dEA T 3% 40 i Kt
B (S)-S0 FEEIR = Z M e.e.fH .

RELTED

2.1 AuEH1 %&BEEE Auehl HRER DT

L A. usamii & RNA ¥ 75 5 & B W) 55 — 4%
cDNA J Rt , 55 —% PCR 384525 1 400 bp 174
(BT IKGE 1) FLAAE 5 —%8 PCR =4 B
M, %6 %8 PCR 4R15 2 1 200 bp A9 H A9 H Auehl
(B 1kE 2), 4 Auehl 5 pUCm-T ¥, 3K H 4
JikL pUCm-T-Auehl , WF45 R IR  Auehl 2K
1 197 bp, %ifth 398 %KLL , T3k Auehl J75 1458
% GenBank ¥ %, %55 KP249712, BLAST
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server [a] i )7 51148 5= (http ;. //www.ncbi.nlm.nih.gov/)
F1 DNAMAN 6.0 [7] 95 75 51 L% 25 2R 5 7R A uehl 5
A. niger (DQ458230) A. niger (AJ238460) A.
oryzae RIB40 (XM_001818259) A. flavus NRRL3357
(XM_002373494) HI A. clavatus NRRL (XM_00127
0913)EHs i 4 55 B 1 Jy 91 [] 6 ¥ 43 00l o 87.6,
87.4.64.8 .64.7 Fl 63.6% , % WA 5¢ SERE R Auehl
— PR AL EH Znfg LA
bp M 1 2 bp
4500 —

3000 —
2250 —
1500 —

—1 200
1000 —

750 —

500 —

250 —

M:DNA Marker; 1.5 —% PCR =4 ;2.%% —4% PCR /=¥
Bl 1 PCR 7= 41K 32 A5 ¥ 58 AL FR ik &3 4

Fig. 1 Analysis of the PCR products by agarose gel
electrophoresis
2.2 Auehl F E. coli BL21(DE3) K%

¥ E. coli/Auehl 1 E. coli/pET ¥ 1.5 J7 k17
% 3R1k, SDS-PAGE 73 Hr& R Wi E. coli/Auehl
A2 K R B TR 44.3%10° A A7 R S
H 4 (B 2 kil 2—3) , E. colilpET 1% AL JC R
SePESRAr (K 2 9KGE 1), 5398 E. coli/Auehl 40 L%
PR UL E FE % Ab o TE 2 (1B 2 Ik IE 4), K
reAuEH1 7€ E. coli BL21 MLy 52 8L T Al M 3k
% 1.7 J7 54T reAuEHT RIS PE 0 8.12 U/mL,
M 1 2

3 4

97 200
66 400

44300 44300

29 000

20 100
14 300

M. #& [ it Marker; 1:E. coli/pET;2:E. coli/Auehl;3:E. coli/
Auehl WEWE L5 W54 E. coli/Auehl BEHEULTE
B2 FHKXETFERETWE SDS-PAGE 717
Fig. 2 Analysis of the products expressed in recombinant
E. coli by SDS-PAGE

2.3 reAuEH1 EEZF 14 RAI 4 7

231 REBERBEAEE 181 FESN
THREEXT reAuEHT {5 PE B2 (Bl 3) 2% i 1) 5 i
TLEE Ry 40 °C, 7E 30~45 CIE N AL 7% P45 1, 20
CHN 50 CHA AR5 PE 23 51 R 64%F0 55% ., IR
reAuEH1 7£ 20~40 CARE 1.0 h, FRATEE G 18
85%VA I, M4 B M L 40 °C, i i M PRk T B, 2 B
reAuEH1 J& T kLA

100
80

60

40

AFRS B /%

200 —=—iREREE

0

0 25 30 35 0 45 30
g/ C

E 3 reAuEHl WEREREREBEEREMS
Fig. 3 Temperature optimum and stability of reAuEH1

232 i pH ZpHAEM # 1.82 LW T
pH Xt reAuEH1 35 PE RS2 (15 4) o 1B e is pH
29 6.5,pH 9.0 HYAHX BTG AL 19% , 3% W1 1% i &
Tk, [FE, reAuEH1 75 pH 5~9 Zb 31 1.0 h, 5%
AREEVERITE 85%L) |

100
80
o\\°
;H
E
e 6
&
= 40
= B
Y —— IitipH
Ll p—— pHE& & Pk
3 4 5 6 7 8 9 10

pH
B 4 reAuEHI1 Hy5&iE pH & pH 32 E 1%
Fig. 4 pH optimum and stability of reAuEH1

233 &/ ETAEDTA 9% n 4% 1.8.3 ik
SE T 4 )8 BT X EDTA X reAuEH1 % ¥4 1 5 1
(1815) o Ag Rl Cuxl iz i 1 Y 900 ) 1 0K, 3%
AT P53 AR 54%F1 44% , FE 42 R B I
EDTA X BEG PER A K
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100
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AR B /%

20

0 i
AU e o8 R efed kg v gt

B 5 £EETX EDTA X reAuEH]1 i& 4R &
Fig. 5 Effects of various metal ions and EDTA on the
activity of reAuEH1

2.4 reAuEH1 X f#iK4H (R,S)-SO

Fie 1.9 ik B ALY S 25 F , B reAuEHT X
(R,S)-SO FEAT X We e IR 23 45 (S)-S0, I-4%
1.6 J5 350 Bt B8 (S)-SO 1Y 7= 5 e.e. fH B S
N A ) AR AR (] 6) , reAuEHT fE5E 7K f# (R)-
SO, £ 20 min N (R)-SO MY JEE K e Ji T R
(S)-SO 1 e.efE PR b Tt 4 W & 50 min, (S)-
SO =% K 30.8% e.e. H>99%; HEK LI [H],
(S)-SO IR e B 22 % FEAR, T30 (S)-SO =& T
F% . Lee S5 HIFE ML N R IXRE 2L B EH (RgEH)
{10 5 2 HE AR ERE AR 5 (R,S)-S0, FIdk (S)-SOf
723K 36% e.e fH>98% , Woo SFF| i Gordonia sp.
H37 40K fi# (R,S)-S0, ir3k (S)-SO =%

—+—(R)-SO —&— (5)-SO —e—c.cfli —m—j=%

~ 10 100
S g 80 &
: =
ﬁ::b( 6 60 P,
& iy
S 4t 40
) L
) 20 3
£ <
= 0 — 40 =
~ 0 20 40 60 80
S o7 B[] /min

B 6 [EzATERT reAuEHT K375 (R,S)-SO B %M
Fig. 6 Effect of reaction time on the hydrolytic resolution
of (R,S)-SO by reAuEH1

R

Abtgtiz | RT-PCR £ AR M A. usamii E001 1
elE T — R R EH B g 3E N Auehl , IFK i3
KTE E. coli BL21(DE3) kAT T 3Rk, Hg2# M i
SR U] reAuEH1 HA K m AL IS 1 | IR AT
FR A R R RN pH e M A R A s 1
Wk e, K 2804 8 B F & EDTA XF i ji 16 1
SR, AT X SR8 reAuEHT 7E/K i 45 4341
T T A 2010 W ) 4% v 4 B T 1k B AR A g sl 4 — B
507 T A VETE R R A . A SCYEE R reAuEH1
Peor (R,S)-SO il T (S)-SO, HEEIR =R H e.e.

4 23.9% e.e[H>99.9%. B 5500 30.8% F1>99% , {H H: i 4 ik 1% e 34 % P

PLER B4 155 T HE— 2B W5
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