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HE[BNIATRS B LSS RZENFE]IULKRR T Acinetobacter johnsonii (A. johnsonii) &)
CHM Oy o7 7 % IR T Priestia megaterium (P. megaterium) 89 P450 BM3 A 44k , if e L A Em H ey &
AR AL EZTORFFORESH, BIEREZ X L BRAH T ZE AEEEA SRR E fink by
B EH LR KR T Pseudomonas sp. 9 3 T B % /o £ 8 CHMOymu B L X E RS, EZ O R F FHRE
KA AR ODgoo 18 0.6, 7% F & & 17 °C,IPTG 4K & 0.15 mmol/L. ¥ B £ X £ R A : £33 °C.pH 9.0,
FAD 7 % 0.05 mmol/L. & 4 i = K & 3.0 g/L R & B 18 10 h 49 & 4 F , B £ f5ok 49 * £ 4 78.9%.
CHMOyrous 18 & B £ 32 ":li 8 B )2 5 A2 A 1 y=60.78+9.564-19.74B+9.55C+1.804B+5.134C+1.48BC~-
18.044°-0.798°-9.41C°s # A ¥ RN A XKLL R, L RHLENLEMH N RMY R EKE3.0g/L, R & E34°C,
B & pH 9.0, FAD /& 42 % 0.05 mmol/L, & & B+ 18] 10 h, /£ st 48 T B £ davk 69 = £ 5348 79.9%, KA AT 12 5
T 90.23%. [ 4518 ] 9 i 69 38 T BA % I R B CHM Ogransg 5 R E d5vd 69 5 MR T — AN F1Z LB
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Gene Mining of Cyclohexanone Monooxygenase and Efficient Catalytic

Synthesis of Omeprazole
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Abstract: [Objective] The aim of the study is to synthesize omeprazole efficiently. [Method] With CHM Oy o571
from Acinetobacter johnsonii (A. johnsonii) and P450 BM3 from Priestia megaterium (P. megaterium) as templates,
the monooxygenase with the highest transformation rate was screened out and the optimal conditions for inducing
protein expression were determined. Single factor experiments and response surface methodology were employed
to optimize the conditions of this recombinant enzyme for producing omeprazole. [Result] The cyclohexanone
monooxygenase CHM O,y from Pseudomonas sp. synthesized omeprazole with the highest transformation rate.
The optimal inducing conditions of CHMOgq.. expression were as follows: ODg, value of 0.6, induction
temperature of 17 °C, and final IPTG concentration of 0.15 mmol/L. The single factor experiment results showed
that the reaction with 0.05 mmol/L FAD, 3.0 g/L substrate mass concentration at 33 °C and pH 9.0 for 10 h
produced omeprazole with a yield of 78.9%. The CHM Ox,440-catalyzed synthesis of omeprazole was fitted by the
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regression equation: y=60.78+9.564-19.74B+9.55C+1.804B+5.134C+1.48BC-18.044°-0.79B°-9.41C". Based on
the single factor experimental results, the transformation conditions were finally optimized as follows: the substrate
mass concentration of 3.0 g/L, 34 °C, pH 9.0, 0.05 mmol/L FAD, and reaction time of 10 h. Under these
conditions, the yield of omeprazole reached 79.9%, which increased by 90.23% compared with that before

optimization. [Conclusion] This study provides an elite cyclohexanone monooxygenase candidate CHMOgryas

for omeprazole synthesis.
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Table 1 ~ Strains and plasmids
T MR/ R fifi ik kU5

E. coli DH50. FH 5 DR o e 1 i B 2 T (E S0 %
E. coli BL21 T E R RE M E E VB B {5 2 56 =8
E. coli BL21/CHMOy s o571 #5417 pET28-CHM Oy pip o575 KL I E. coli BL21 ENGI
E. coli BL21/RhRCHMO #57 pET28-RhCHMO Ji K [ E. coli BL21 ENGIE
E. coli BL21/AnCHMO 515 pET28-AnCHMO Jii #i [ E. coli BL21 EN T
E. coli BL21/AdCHMO #:15 pET28-4dCHMO Jii ki ] E. coli BL21 NI

» E. coli BL21/AA9W #5 i pET28-4A9W Ji KL E. coli BL21 EN TP

** E. coli BL21/404P 5 4 pET28-404P Jii KL [ E. coli BL21 EN T
E. coli BL21/pmP450 BM3 #5347 pET28-pmP450 BM3 Jii ¥i ¥ E. coli BL21 EN T
E. coli BL21/ScP450 BM3 #5715 pET28-ScP450 BM3 Jii #i (1) E. coli BL21 NI
E. coli BL21/BsP450 BM3 15 pET28-BsP450 BM3 Jfi ki [ E. coli BL21 FN I
E. coli BL21/CHMOy 15440 51 pET28-CHM Oy py4a0 KL E. coli BL21 ENIS
E. coli BL21/SmKT2440-2 #5717 pET28-SmK T2440-2 Jii KL (¥ E. coli BL21 AR
E. coli BL21/MLKT2440-3 #%1 pET28-MLK T2440-3 i %7 [ E. coli BL21 PN
pET-28a(+) FH T R 2 38 1 oL VB BT (e S0 =
PET28-CHMO (s 0571 T CHMOy i os71 HI pET-28a i A EN IS
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pET28-4A9W T 4A9W K pET-28a fii ki FN

Jo kL pET28-404P T 404P (1) pET-28a Jii K ENI
pET28-pmP450 BM3 &4 pmP450 BM3 [f) pET-28a Jii i A F
pET28-ScP450 BM3 47 ScP450 BM3 [1) pET-28a Jift i ENGI
pET28-BsP450 BM3 45 BsP450 BM3 [f] pET-28a Jii ki EN I
PET28-CHMOy 15400 T H CHM Oy 1) pET-28a J KL ENI
pET28-SmKT2440-2 &4 SmKT2440-2 [f] pET-28a Jii Hi ENIA
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B0 JE A0 AN 5 BRI RE . BRI, 4 P4SO
BM3 1 CHM Oxens o571 /9 152 4K 5 75 NCBT 45 /77
BEAT [F) YR R A R, O 0k H B 2 R PR A IR R
20%~90% H Al 15 15 126 16 -
1.3 FHHRAWEK

¥ E. coli BL21 B Z &ML & T 7K £ 5 min, £F

Hoeamib s, 1 pL EA BRI 30 pL &2 35

M, BRI HHAEVK L F E 30 min. UKIR 45
Jo K B OB R RE & 42 °C4 B i AR 60 s, #lk
Ja 5L BOKE BS0E UK VS S mine BH S KA R R &
PR, 7€ 37 °C 200 t/min 251 F 9% 1 he HUH
B 9% J5 I BV, 72 10 000 r/min R &0 1 min, 37 %%

2 EIEW R A EBIR S . B 200 pL B RIA A
T & RIE RN LB b K F ik & T 37 °ClE il
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el EH B AR EME10mLiRE S, A
10 pL 1 moV/L ) RIRBE R FUEREW Kl EE
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W B % 800 mL 19 LB K5 37 3 o, A 800
uL 1 mol/L F i IR -~ I %5 2R H1 42 3 ¥ MR, 1E 37 °C
200 r/min %5 1 N 55 7% 1~2 h, H % B i ODy, H 1&
0.6, 5 FRILE K E 20 °C, R )5 M IPTG £
29Kk B N 0.15 mmol/L # 1T % 7, 7E 20 °C . 200
r/min % N85 9% 15 he B Jia WOE W AT B0,
FELER-BIESE N EAM.
1.5 FHBEg&AIIRBX

% 5 )5 0 1 K, 7 8 000 r/min [ % 1 F &
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J&i 2 B B A IR O 0.05 g/mL (1 A E A
B AE 50 mmol/L f H R &5 2 v b, 1 P B 75
AR 20 mine B B 5 % WK ZE 12 000 r/min.
4 °CIR Ak R B0 30 min. L FiGWE T g%
H L, 7E 3 000 r/min.4 °C 2k fF 347 #9845 , 159 21
WAR 5 B B
1.6 BAERMFRBKNRTREIN KRN

KRR 2N 2 mL, NI AN R T W
(pH 9.0) . [\ 4& & 1 73 51 ho A 950 pL ¥4 R 5 0
B A1 950 uL = A B B ARG, 4R S N I 4 A
W, R R B IR E N 3 ¢/L.NADPH K £ N
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1.7 P4 A
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200 uL LR B A BU , B T 1 2SR 45 A b e T+
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8, K U8 VR BT O /N R AR

4) CHIRALPAK" CBH T #:A5 I « o HLAH A
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& VY 2,88 —4RIR 5], A MU 8 S B, eHLAE 5 A Bl
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Table 2 Factors and levels of response surface methodology

KF RREREPC R pH FAD R IEL
(umol/L)
-1 28.0 9.0 0.03
0 32.5 10.0 0.04
1 37.0 11.0 0.05

1.10 BAERMFRER LML T

81 I HPLC 4k b5 ¥E 6 F= ) 3647 & & 40 Hr . DA
DMSO i 71, Bie il 10 AN AN 5] 3 BE 19 7= 2 b A i 7%
W, AR 5 K e dE S B 2 mL R % % pF R (50
mmol/L,pH 9.00 5, Fi N N SR 1) L8 218, IR
RGBS 0, B35 WO AT HPLC AT o BR 3 iy e
o il 28 0L 1 1
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Fig. 1 Standard curve of omeprazole
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%3  CHMOxycis o571 #1 P450 BM3 EIREGIZ 1
Table 3 Mining of homologous enzymes of CHM Oy ygp 0571 and P450 BM3

R EE=N NCBI &35 KU B PR 7 A /%
RhCHMO BAA51652 Rhodococcus sp. Phil 96.1
AnCHMO API23866 Acinetobacter sp. 87.3
AdCHMO WP 07468415 Acidovorax sp. 85.7
CHMOy s 0871 4A9W CAQ45914 Stenotrophomonas maltophilia 79.8
CHMOg 12440 WP_010953714.1 Pseudomonas sp. 78.6
SmKT2440-2 WP_060442509.1 Serratia marcescens 76.6
MLKT2440-3 WP_043309925.1 Pseudomonas sp. ML96 75.4
PmP450 BM3 PAKS51892 P. megaterium 98.3
P450 BM3 ScP450 BM3 API65466 Synthetic construct 97.1
BsP450 BM3 WP_057244365 Bacillus sp. Root 239 98.9

B, FF T X 10 BT B R &R R E JE MR
75.4%~98.9%
22 BmMEMMRIE

T 1 41 i 375 Y ) SDS-PAGE 45 % L I 2, fp

97 200
66 400

44300
29 000

20 100

M—bRiEEE 1
1—E. coli BL21/CHMO, ., os, FETAE 3755
2—F. coli BL21/RhCHMOM ¥ L35 ;
3—E. coli BL21/ScCCHMOM 4 1754 ;
4—E. coli BL21/BsCHMO 4 135«

(a) CHMOFE A1 B (2 A i ik

M—bRifE 8 0
5—E. coli BL21/CHMO, ., B Fifi.

(b) CHMO, .., LA h i & TR IK

A B 7E 5 2H 4 i o 3w R R, P ER O
& B ScCHMO . BsCHMO 1 CHM Ogpy440» P450
i [t 404P A1l PmP450 BM3 [ H (1) & A it 4 7 %
B2, 8 o Rk KT B

M 6 7 8 910111213 M

97 200
66 400

44300
29 000

97 200

66 400
20 100

14300

44300

M—PRHEEE
6—E. coli BL21/WTP450 BM3H{ L35 ;
7—E. coli BL21/ScP450 BM3T 3% i s
8—E. coli BL21/BsP450 BM3 Wi L3 ;
9—E. coli BL21/4O4PHE Y 13514 s
10—E. coli BL21/PmP450 BM3HL: 3% i ;
11—E. coli BL21/ScP450 BM3 R 3 :
12—E. coli BL21/BsP450 BM3M % L 3% ik 5
13—E. coli BL21/4OAPHEHE 35 -

() PASO A1 v i) 8 1 i R 0s

B2 3fmaAMAETARTHNEOREAXLER

Fig. 2 SDS-PAGE results of expression of three monooxygenases in recombinant strains
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X 10 i i {4 4K B B ) IR AE 7 2RO 5 4l
i T AALE 22 5, Forb R OO B 00 40 CHM Oraao 18
1A i B 3 7 e 1) 77 SR O 2 Al B A, e N
42.40% 1 97.6%. I, J5 220523 B CHM Oy

BEAT 8 1 5T 08 2 A KA SR A AR
24 HCHBEMER CHMOwm EEHRKEEH
e
X CHM Oxrouso 2 H 5T 3235 1 5 3 T JE I 155 2
FIIPTG e B AT AL o 0 ) AE AN [ 3 BE (17.20
23.25.28 °CO N RATEH AR S WA 5w
Ayt e ¥E 47 SDS-PAGE 4 #f , 45 R W K 3.
CHMOyrougo 7E 17 °CiF5 I H b5 8 H B K15 5 &%
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Table 4 Yields and optical purity of omeprazole synthesized

under the catalysis of different monooxygenases

LYy P2 % I 2 2l 1%
4A9W 0.60 62.3
RhCHMO 0.80 76.8
AnCHMO 1.20 76.2
AdCHMO 0.40 715
CHMO s o571 1.20 68.6
404p 0.20 82.5
PmP450 BM3 0 0
ScP450 BM3 0.60 65.3
BsP450 BM3 0 0
CHMO, 140 42.40 97.6
SmKT2440-2 29.34 77.7
MLKT2440-3 20.21 69.8

97 200

66 400

44 300

M—HgifE 2
d1—iF ST °C; d2—i% FHLIE20 °C;
A3—iF FURIE23 °C; d4—iFs FIELE25 °C;

d5—i%5 F %28 °C.
(a) HFIEA

* BE:NCHEMSBHNERZRERSUEAERBREMETAR

WRE N 0.15 mmol/L i, H ks 8 [ 5 2 77 5 18 Wi
Fik . L, B € CHM Oy & 1R £ IE 1)
AEHSFEE N 17 °C, PTG K E N 0.15
mmol/L, Z & F 3R EAE A H T e8|
L M 1 A ) B 4k
2.5 FCEIE N EE CHMO L& R B E him
B & AL

B KL B i Aw pH AR AL
S I FEE o REL T A A B 28 O L S ) 4
Bt T P T v T 4 5, (E R R T 2 5 B A T R
WD PEEL S AN IR P (28.30.33.37.40 °CH BEAT B
R, 25 T 40 2 | NI FE D 33 °CH, 5 4k
R R AU, LI 77 3Rk 28.3% , Y6 4EE N 97.3%.

2.5.1

97 200

66 400

44 300

M—RiE R E i

d1—IPTG#K % 50.40 mmol/L; d2—IPTGK % 50.30 mmol/L;
d3—IPTGK % 50.20 mmol/L; d4—IPTGK % 90.15 mmol/L;

d5—IPTGK % 40.10 mmol/L .
(b) IPTGI FE feAk.

B3 F 4 CHMO & 8 A & K44k

Fig.3 Optimization of protein expression of the recombinant CHM Oyy440
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Fig. 4 Optimization of temperature and pH value during CHM Oyq,44-mediated biotransformation
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CHM Oraan ¥ A 3 BAK , U6 W1 HH B A & & b
& [1) FAD % ; 24 FAD % £ {% T 0.05 mmol/L i,
BE & FAD ¥ B2 b i, 7= 26 Bl 2 42 & ;24 FAD 9K
JE i 0.05 mmol/L I8, B & FAD WK & (1) 7t , 77
HA R B, U8 Ik & i FAD 2 40 i B AL O .
M FAD WK JE N 0.05 mmol/L B}, B 3E fy MR 7= R iy
. N 63.19%, 6 4 FE N 96.9% . A Ut 5 ik
0.05 mmol/L ] FAD B AT B AL 7T
253 kAR E K E Ao RO B A AR AL

A LT o AR i A i A0 AR R AR i — D R
A0 AR A TG T R DR G R A A R B B
J) 38 i B A A . 4 I TE 2.4.6.8.10.12 h BUFE
HEAT w0 RO B nE ki, g5 R W 6Ca) . E B
2~10 h B3 4y e 2 SRR B FF L, F 10 h i 72 R
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Fig. 5 Optimization of coenzyme FAD concentration during

CHM Ogr,440-mediated biotransformation
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Table 5 Experimental design and product yield of response surface methodology

R R BT S SR IR P /°C pH FAD %3 il & /(mmol/L) 72 H %
3 5 28.0 10.0 0.03 46.1
1 10 28.0 9.0 0.04 67.7
7 11 28.0 11.0 0.04 28.9
5 12 28.0 10.0 0.05 60.4

14 1 325 9.0 0.03 62.1
9 3 325 11.0 0.03 225
12 4 32.5 10.0 0.04 63.2
11 9 325 10.0 0.04 61.8
15 13 325 10.0 0.04 61.3
10 14 32.5 10.0 0.04 62.6
13 15 325 10.0 0.04 61.2
17 16 32.5 9.0 0.05 76.1
16 17 32.5 11.0 0.05 30.3
2 2 37.0 10.0 0.03 41.5
8 6 37.0 9.0 0.04 61.4
6 7 37.0 11.0 0.04 25.8
4 8 37.0 10.0 0.05 49.4

w6 REFEFEDN

Table 6 Analysis of variance for the model equation

Ji 72 R UR V-5 H H ARWE FE P{E>F
18 74 6550.97 9 727.89 142.78 <0.000 1
4 731.53 1 731.53 143.50 <0.000 1
B 3 116.55 1 3116.55 611.34 <0.000 1
c 729.62 1 729.62 143.12 <0.000 1
AB 12.96 1 12.96 2.54 0.154 9
AC 105.06 1 105.06 20.61 0.002 7
BC 8.70 1 8.70 1.71 02327
A2 1370.28 1 1370.28 268.79 <0.000 1
B’ 2.63 1 2.63 0.52 0.496 0
c? 373.23 1 373.23 73.21 <0.000 1
W7 35.69 7 5.10
KA 23.24 3 7.75 2.49 0.199 6
4l 22 12.45 4 3.11
ROR 2% 6 586.66 16
BR TR RESR T S E R WERT, BN £7 BESREESEHSHE
REFABEEMRZEZM/NT 02,R 750994 6, i Table 7  Statistical analysis of the model equation error
U9 7 1R B AR R R A A T Gt
o A 22 2.26
(9 18] U5 5 FE N - y=60.78+9.564-19.74B+9.55C+ 1 4749
1.84B+5.134C+1.48BC-18.044°-0.798°-9.41C". PR AR 0.9946
SR % TR R AL 0.987 6
S % O R T 43 4 4 ) T W T () = 4 2 1) il P 0,940 6

i P A A v 2 B, LB 7~9 . fE =i 2R B Py MEE 39.0007
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Fig. 7 Response surface map and contour plot map of the interaction between pH and temperature
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Fig. 8 Response surface map and contour plot map of the interaction between FAD concentration and temperature
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