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Nonconserved hinge in Baeyer-Villiger monooxygenase
affects catalytic activity and stereoselectivity

Qiuling Liang"?, and Sheng Wu'

1 State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Baeyer-Villiger monooxygenases (BVMOs) are important biocatalysts to synthesize a series of valuable esters
and lactones. Based on protein sequence alignment and crystal structure analysis, a nonconserved hinge which linked
NADPH domain and FAD domain was speculated to play an important role in substrate recognition and catalytic oxidation
process. Cyclohexanone monooxygenase (CHMO) was selected as a model. Mutants obtained by homologous replacement
of the whole hinge almost completely lost its original catalytic activity, demonstrating that the overall hinge structure was
of great importance. Some significant sites were identified to greatly affect the catalytic activity and stereoselectivity by
alanine scanning mutagenesis, accompanied by enzyme activity assessments and chiral kinetic resolutions. Altering K153
decreased the activity of the enzyme but enhanced the stereoselectivity. Changing L143 site reduced stereoselectivity but
had little effect on enzyme activity. Mutation at L144 site dramatically weakened both activity and stereoselectivity.
Subsequently, these corresponding sites in phenylacetone monooxygenase were also illustrated to follow a similar rule,
revealing a universal importance of these sites in the BVMO family. These results expanded our understanding of the
structure-activity relationship of these enzymes and provided more proofs for future directed evolution of BVMOs.
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Baeyer-Villiger % 2 i & —JE B E 1A Bl
b2z ns, EReE MRk, TEfk C-C
BEIEAT NG uK, R B — RN IHE R T
FE RN BRI S, X — RORIAE 1899 4F b4k I

monooxygenase)'*' | PRI NN Cyclopentanone
monooxygenase, CPMO) 14517 BVMO #4fk
. 2002 4, 1 A BVMO (157 5 M P 904 1 K
PP, LU o A, AT 1 D2 4 9

ARIER, ATt — B B8O T 58 il 45 FhoA 3L
FAf A 300 e S R — g BT B T A Ak
RUA B A 55 50, MEALRICRAR . REEAR .
15 LN R B RS 2R R P W 255, W9
T3 1) A= 0 Tt e T 00 3 5 DI B ) AR
HAE 1976 4, 55— Baeyer-Villiger #lI
Al CHMO il 2w R BiAsr e, s SCaVF
ZAMORRIZEEL) BVMO Bk, A2 pAHZk
A 2K [H B RO 4 B (Steroid  monooxygenase,
STMO)! X HEHE 2.1 (4-Hydroxyacetophenone
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(Genome mining) 777, 7E 40 B AN B B L R 41
R R B T B BVMO 55 24 59 20 Aii
TE ) R A0 Fr A A7 T BVMOY'Y, it
MK, T BVMO ZREERHiE ok g,
f1F%Z BVMO #BTEMUAE YRR il 3 i 4
PR,

X L il Y B G BE 45 ¥ ). Baeyer-Villiger
BRI RSN ) Tl A 7= N2 ) 2 A R T B
7l S b 2 EESESIER, BVMO
ISFEVE 22 At 45035k % B AR G- i i T AN, 1)
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U, WEAE 2 e T YA 1 3 A R
JraR s RO R, AR, AT
XF 45 B BVMO M iR S5y . fEAEHLE . %
Py RS RSB E SE T T T KA A,
AR T — RONEEE M o BAT R i A S0
J& 2004 4F- PAMO b ARS5H (1 1 g T . PAMO
Al 24 F PR A 25 F 3R4 A% : FAD fl NADPH
GEFA I, LA TE P 07 A5 A0 T A 2 1 A — A
MZELL . 2009 4, LA 2 4 BVMO B dhiAkZs
F Rl A O, 578 T CHMO M RN AS [FDIR 25 4
ARRZERE o <TF7 | PR PR FP S5 R 1 S R ifE— 25 4
£ 7 BVMO myfiEfb 5, Uil BVMO ik Jz
B — SIS R, FE S TR HAR LS &
AN . AR BT 55 —FPASKH T FAD
NADPH /) BVMO——MtmOIV I iR 454 , ix
—2& BVMO ##% 4 11 % BVMOP' 2, 2012 4§,
Yachnin 2P RARIE T CHMO RPN T
IO AH 25 A 0 Al IR EE R L T FRATT I O M R
T BVMO Ak 72 i 5 R 45 65 T8 iU B 2
R AT A o 3 28 SR A 00 R BT A B 1 TR A 3L i
X — S SO B AR HLL I R A A3
FUGE R E A E R . Ak, 455
SR A 2 RN 236 5 ) R Ak 1 T B Ny R AR il
JB I MR 0 2 S a3 FH 2B 7 0 114 28 AR B
E 4 BVMO M sR i il . i pioeis 5o
A 1) CHMO FHAEE & P fe B 1 PAMO Ji Ry
FKTAEFNTEPRAXT S,
BRI . 2505 B R L) A 2
Gy F 8 P B ] FEBLEFRATTXE BVMO 1)
VIR HEAEPLEI S T ERGR . (H2
Pt B P L RS 4015 T AL RS AR ML 254k
AL SRR AR TS . P AR el

B, RIS E S5 . Rl X SR R AT A
YR T 4R BVMO SRR IR S AT 1k
WPEPERA FrlE— 2 RA T . R TR IX L]
WA 58, ARBIFFE T Xt BVMO B3 R 51 Al iy
PRESFHEF TR AT, FEIRIIAS & DAS T & 3
T —BLER: NADPH 45431 FAD 25 #4378
BVMO i fb 2o 72 T 25 3 DA 1 2 09 DX 8, B
Hinge I #5i#4. 124 R 1k, *F Hinge MINIHZHGE
1S FATELS MR P L, A R AL
IREFLMAIIRTTT , DRSS t FE TR s P,
AURELL CHMO IR, BAEFRRIEIRST Hinge
XL TR SE A, 3l e Y Quick-change
F1 overlap PCR J7#£3k45— F 51 CHMO %75,
£ 45 W > Hinge [ [A] ¥ 41 & 4 58 428 1k
CHMO™MC CHMO®™® LI X Hinge | %5 BN %
PRI IS AR IR o 3 3 X 9 AR PR IES 88 0 35 P A
FST ARG IESY, 198 T —L2520] CHMO 1
PEFIEBEME M E A5, JERA T Hinge [ iX—%%
FY7E CHMO H T ZE A4 BVMO FIRHfE b1l 72
HER R R . X —AF5 A BT BVMO fiEfk
AEeE—2 ik, BIATIRAEXT BVMO B iE
AT R ) i R R LA 4

1 HHE5T®

11 #H
111 LHEES5EH

PCR JIt 1) Ex Taq i LA S T 2R BOR 48 5
4t . KOD Taq DNA &7 . MM VIEE . DNA
i W 4> 9 ) B TaKaRa /3 ] (TaKaRa Bio
Group). HZA Toyobo /], NEB (New England
Biolabs) /A4 M MBI (MBI Fermentas) /A ) ;
FoRi B BRI & DNA S L vk EloaR & A
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RAEARHE dbat) AR R s B 4t
R RIER ARG IR AR EOM. B .
AR N 7 3 B et

1.1.2 HEHRSER

K5 Escherichia coli Topl10, BL21(DE3)
Gold VIS Bk pBAD ., pET22b HJ KA S 28 {54
1.1.3 EHE

LB ¥i3R3k. EAM 10 g, BEEHERW) S ¢,
FAEN 10 g, ZRIBAKER 1L, pHIEH 7.0, 121 C
1R FEZE YRR T 20 min, [ ARG FRIEH I 1.5%350005
TB Ri7abt. BN 12 g, BERHZEW) 24 g, Hl
4mL, FKANEMGRIERE, WEE 60 C,
A 100 mL K& 9 170 mmol/L KH,PO, FiI
0.72 mol/L KoHPO4 I (2.31 g i KH,PO, il
12.54 g K,HPO, ¥ 7E R Rk, 2R
100 mL), 121 CHEZER KA 20 min.

12 FHi&
1.21 RAEHE

PAMO/CHMO/STMO 43 [K 7 31 43 >k A
NCBI ##&%E (http://www.ncbi.nlm.nih.gov/) A9
I LA B Thermobifida fusca (AAZ55526), A
i #F B Acinetobacter sp. NCIMB9871
(BAAS86293) Fl Er ¥ 4 41 BR I/ Rhodococcus
rhodochrous (BAA24454),

i) Y5 91 R 4 5 A IR AL 3 . o CHMIO [
Hinge [ J¥ %143 5% . i, PAMO fil STMO f
Hinge 1 J¥ %1, 18 %% 4k CHMO™™° and
CHMO®™?O , FLiA#E: ford 7 WL AN FE#T L 2 (SM2).
CHMO™MO 1 CHMO®™®© ¥l 14 % %] pET22b 1,
e 4 ki A E. coli BL21(DE3) Gold H
HATEE RIA,

NS TR A 5 A8 R4 4 < f ] Quick-change
PCRPY Jr sk M 2 L F R 48 &K . 1) CHMO:
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Leul43Ala/Leul44Ala/Ser145Ala/Prol147Ala/Asnl

48Ala/Leul49Ala/Prol50Ala/Leul51Ala/lle152Ala/
Lys153Ala; 2) PAMO: GInl152Ala/Leul53Ala/Serl
54Ala/Val155Ala/Prol156Ala/Ginl57Ala/Leul 58 Al

a/Prol159Ala/Asn160Ala/Phel61Ala/Prol62Ala,

PCR WA ZR A 25 uL &IAF . 10xKOD
ZEohk (2.5 pL), MgCly (1 pL, 0.025 mol/L),
dNTPs (5 uL, HFHZIFIRU A 0.002 mol/L),
19 (0.5 uL, ERGIMUFEYI N 2.5 pmol/L),
FEMR FRE (1 pL, 10 ng/ul) A1 1 #{ii KOD DNA
R4 HF, PAMO [ PCR SUNAEHR &40 . 94 C
10 min; 94 ‘C78 1 405,53 ‘CiB & 40 s LK 72 °C
GEMf 50 s, FEFE 35 ¥K; 94 CAEME 1 min, 60 C
iRk 1 min P& 72 ‘CHEMH 7 min, fE3F 35 IK;
BJATE 72 CF#EH 30 min, CHMO HYJ PCR 4%
e, 55 2 IRPEFR IR KRBl 56 °C, AT AfiiET
1]} 8 min, HANZ%(5 PAMO HHA].

PCR ZJ5HL 10 uL PCR =%, A 1.2 uL
NEB Z& i, 1 uLDpn [, 37 CALBE 3 h, i
¥ A E. coli Topl0 ={# E. coli BL21(DE3)
Gold 16 £ -

1.2.2 REKERRS

& 4 i ki pET22b-CHMO % A E. coli
BL21(DE3) Gold, #4ffI7E& 4T 100 pg/mL
HEr &M LB Higrdkrh 37 Cl&dEsf. &5 mL
IR RE SR BB A 200 mL 545 100 pg/mL
ANTEHEMN TB #5585, 37 CTHIFEZE ODgy
F35 0.6, BEATIMAZMKES 25 pmol/L IPTG
(Isopropyl-B-D-thiogalactopyranoside) % 5, Jf
W5 IRV 2 20 °C, #53 & 150 t/min, 55
3512 ho ., A0MILL 0.9% NaCl PeiklsE . &=
ZH JFiki pBAD-PAMO # A E. coli Top10 1, 5 mL
R IE IR A 200 mL A 0.1%THiA %
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RN 100 pg/mL 2N HE B R M TB Biaesi,
37 °C. 220 r/min 3% 20 h. /5 A0EIRIFEL)
0.9% NaCl PES AR o 3 PR A0 3 2 4t i #0Ks F 1
4 2 A= 0 A A Rl 3 A
123 £ 4k

LM E ODgoo T e FRIB AR RAE
(A2 MR BCAR [RIv BE SRS A A7 T 10 mL
ZE o (20 mmol/L Tris-HC1, pH 8.0) . HtJ
H1 500 pL, ALK E N 1 mmol/L Y TR
N, PAMO Xt 28 K FB 43 6 99 S o et B2 158 h
35°C, J5 A& IREZEIE Y ROV R E R 37 C o
CHMO Jz i ik FEF Sl 32 °Co B I ¥ AE
13 000 r/min 4R w588, SO s ] 458 1l 78
12 h (CHMO) #{# 2 h (PAMO) (PAMO 5357
IR S SN AL 12 hyo RS RS
DL 700 L 2R CTRAH, A HLZ & ToK bk
PR AT Je A T SORE B3 3 A
1.2.4 AL EEEER D

1 WS 1 240 20 T 10 mL 2% vl
(20 mmol/L Tris-HC1, pH 8.0) 1, HEiT#EAE Mk
. CHMO K H AR alifb ko WX, L4
FRL R ARV L B R A TS AU s PAMO S H 5 AR
R AT SR TR I i — 2P alifh, BTy ok
AT H . 10 000 r/min, 4 CES.C> 30 ming K
HIMAE MR 1LY GE 23w His 28 i 4lifk
%%+ GE Healthcore Histrap FF Crude column (5
mL) b; LIEF 500 mmol/L NaCl Fl25 mmol/L
WK ) Tris-HCI PEZ2 85 ;. LA 500 mmol/L
NaCl #1200 mmol/L Bk 4 Tris-HCI #jrse 153 H
MEM. itz s, #BEMERFITEHR
BT, WJETE 441 nm FIILROSG(E, DIt siE
A R A A B 1T PR ARG MR B I G DN S 3 v

JEPILL 20 mmol/L AUk E R T LI,
NADPH LA 2 mmol/L 4y % T Tris-HCI 2% nft
# (pH 8.0) "o SOMARIT : SR 200 uL,
JEEYI M NADPH Z9 2535909 1 mmol/L Al
100 umol/L, &S A AE, H)5 A Tris-HCI
ZEohUR (pH 8.0) #b 2 200 pL i SR £ ¥ e
N & R BT 5 o6 o6 B L (Spectrophotometer
Beckman Counter DU800) Tl 340 nm %
WA, DA W ¥ B i sz v s ] g A8 Ak e HE sz
WA, R RS, PAMO KK
EAE AW LITE 441 nm T AROGIE B
PO CHMO K Hi %878 3 1 %< J¥ L Bradford
I e,

2 BRI

21 BVMO &R F3I5 &AL

T RE BVMO IR &, FATTEL NCBI
PLJ PDB ZE50d e BVMO [ 5615 B o 5
filt, XF BVMO #47 T A W15 8.5 43 0 i AR 25
F3Ar, WK 1 R, BVMO §hikgsth 35
FAD Z5HJ38f NADPH Z5#y3s2H h, Wi 22 [6]
FETERFIAIY Hinge 4544, L5 H (46 I 45 5%
HAE SRS H TP 1 5 BVMO RYIEYIZE & 1148
FEZS [H]_FAHIE . Hinge 25 97 81 HEXF 45 5 b
WS BE T 4 (Hinge IT) ARSFPEIE % 25 %
Ih—45 K5 (Hinge ) PR5FHEIER K. Hinge |
£ CHMO 5 KP4 & ) S iR g by rp 2 sk 1
KX —BP A fb o FR R b K, TB
ASHMELATE A T T8, A D AR RS TR A
b S Ak 2o B v 4 i A EE A A ARAE ST L
CHMO ARG, JF LT aniE 2 s i
PR CELFE g I | 245G R 60 2 O 1 24 g Bl
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Hinge | Hinge Il
1

[

o

=
A 'm

DHddzZBdddaH

CHMO Phil :
CHMO Phi2 :

BVMO Pv = SAPLSDRFP P -
BVMO Mtb5 : mdsipssEeIa LT
ACMO™ = SAPMEKDLFP B
CPDMO : GRPKIEGIP AT
HAPMO : CMNRPMIISATIPR GRS

1 BVMO RIKZE#I5H UK Hinge &4 FF 5l b 3t

Fig. 1 Analysis of BVMO crystal structure and hinge sequences. (A) BVMO crystal structure contains two domains, FAD
binding domain (Colored in green) and NADPH binding domain (Colored in blue), which are connected by two hinges.
Hinge T is in red and Hinge Il is in hotpink. (B) An enlarged view of hinge region. (C) Sequence alignments of Hinge I
and Hinge IT among various BVMOs. The sequences are: phenylacetone monooxygenase (PAMO) from Thermobifida
fusca (Q47PU3), steroid monooxygenase (STMO) from Rhodococcus rhodochrous (BAA24454), cyclopentanone
monooxygenase (CPMO) from Comamonas testosterone (CAD10798), cyclododecanone monooxygenase (CDMO) from
Rhodococcus ruber (AAL114233), CHMO_Ac from Acinetobacter sp. NCIMB9871 (BAA86293), CHMO_Bp from
Brachymonas petroleovorans (AAR99068), CHMO_Rh from Rhodococcus sp. TK6 (AAR27824), CHMO_Xf from
Xanthobacter flavus (CAD10801), CHMO_Brl from Brevibacterium sp. HCU (AAG01289), CHMO_Br2 from
Brevibacterium sp. HCU (AAG012690), CHMO_Phil from Rhodococcus sp. Phil (AAN37494), CHMO_Phil from
Rhodococcus sp. Phil (AAN37491), BVMO_Pf from Pseudomonas fluorescens (AAC36351), BVMO_Pv from
Pseudomonas veronii  (ABI15711), BVMO_Mtb5 from Mycobacterium tuberculosis (NP_217565), acetone
monooxygenase (ACMO) from Gordonia sp. TY-5 (BAF43791), cyclopentadecanone 1,2-monooxygenase (CPDMO) from
Pseudomonas sp. HI-70 (BAN84077), and 4-hydroxyacetophenone monooxygenase (HAPMO) from Pseudomonas
fluorescens (Q93TJ5). Hinge I is less conserved while Hinge II is quite conserved. (D) An enlarged view of hinge region in
CHMO crystal structure complexed with FAD, NADPH and substrate. The cofactors, FAD and NADPH is shown in
(Colored in light pink), the orange molecule is a typical substrate of CHMO, cyclohexanone. There is a missing gap in
Hinge I , revealing a very flexible conformation during catalytic process.
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2 KRBT ROEERY
Fig. 2 Substrates used in this study.

55 AENIRYY, WRPIHR S | AL TS A S A
BEfRPESE Z AT R R AL X BVMO fiEfbATh
s, X E 45 R AE R ST Hinge [ (9 Z0RE.

2.2 Hinge I T1&EH N —FE{RKF

R T NEEAR K %458 Hinge [ 25#) 13
e, SRAMGER PCR Jy ik dl & Hith i F 5o e F
B BT WA AR E AR e 0 o AR A
CHMO™MO F1 CHMOS™©, ‘& {1/& Ll CHMO
BEABER Hinge [ 07 E53 IHEHsl PAMO Fl
STMO ) Hinge | B4 CHMO J#4)., #¥74:
Al CHMO 5 # 2 & JF 171 4= 4 L /K ~F i)
SDS-PAGE Z& [ HLik , Al EI) =35 (1) 3 157K F-AH
1 (K 3), 1ERH Hinge I YHE B A 5200
HZGRIK o B e AT 15 A6 25 IR P11 4 40 i
Ak, IR ETERI = A S L (R 1),

XHF CHMOS™O Seifi, 4iidEA Fog4xsk
i, RAIRY 9 AR YER . R
oAz A CHMO MO JUJ S6F {55 248 i 1l B4 B A1 S 420
9 AT ZEMETE . BFAER CHMO XX SR A7
R AL TE P . RN, I B A 7R i b 3 1
BAR RPN 58 4 AN RERE CHMO™ MO it Ak .
n]PIAE S, Hinge 1 4 1 [R5 8 e bl A 6 3
T CHMO b ig e, UEA5E % Hinge 17
5% CHMO Wb I RE 2 G %,

4N, CHMO™MO e 78 A HEA T 15 2 I i Y
Y, AMUELHE CHMO BITEPERY), a5
PAMO M) i%PEJEY) . PAMO Hinge 1 # it #
CHMO Hinge T H', AHRIZF T CHMO 4 51
TEPERE T, T HAL I A T AL 258l PAMO
3 PR T U ANE X CHMO i 2 PAMO,
Hinge T 25 #4) [F] £ 11 43 A0 A 35 43 #1502 B A
B A S A1 6 2R I 1 VS 2 TR R A A R

kDa 1 2 3
180 —+ -

100 — o bt
75— £ °

63 — v S0 S S
13 —we 83 83 83
35 —aw

25 — .

17 -

11 —

B3 RIRFFERRERRIEKERN
Fig. 3 Expression level assessments of homologous

replacement mutants. 1: wild type CHMO; 2:

CHMO™M°; 3. CHMOS™®,

x 1 LEMELRREFIIBHRETER CHMOMMC
1 CHMOS™®©

Table 1 Qualitative analysis of activity of
CHMO™M® and CHMOS™® based on whole-cell
biotransformation

Kl K2 K3 K4 K5 K6 K7 K8 K9

Entries

CHMOwWt — ++ ++ 44+ +++ +++ -+ -
CHMO™MO — - + + + + + + +
CHMOS™° - - - - - - - - 4

K: is abbreviated for ketone. +++: represents 50%—100%

conversion; ++: 10%—50% conversion; +: 0—10% conversion;

—: no conversion. Biotransformation was conducted at
32 °C, lasted for 12 h.
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“Pr 3150 i SR A T R A BRI, DA
T g 2R 2 AL D) RE
2.3 Hinge I ThREA&M——MAIK T
W E SRS E] T 10 A CHMO Hinge 1
Fe 5 AN R AT 828K, 730152 : Leul43Ala,
Leul44Ala, Serl45Ala. Prol47Ala, Asnl48Ala,
Leul49Ala. Prol50Ala. LeulS51Ala. Ile152Ala
Ml Lys153Ala, Hirp 146 (A S R NERR, W
ATERABEZI
231 WABRBAMETEEQRIKFLEN
Pt B N SR AT B AR HT ] SDS-PAGE
HL DK 9 7 b AT 1 R AR R K- R . 5 [
IR~ DR EN v~y [V O i SR DTS E =N (7
FIHE R AR L-F- A CHMO B 4= R —FEE Kim
Tk, RARE T WA 4 Rkl i e
SO . JE SR AT B A A dE M AL . RS
U0 TP 47 43 v 98 A8 AR XE T B AE Y ) 2l AR I

Fz2 ZYMENLKEN CHMO AEERFAERTIRAIEM
Table 2 Substrate profiling using whole-cell biotransformation for CHMO

WA R IR S, oA B s i 5t P i
T AL B 254k
2.3.2 TR ARE R

A 2 A A A AL . SRR Y T B4 e
& RAR RN, 1518 2, KRBT
TEPERRAG TR TR, A SR AN P s b,
AT BE AR IR B AN L144A AL RE 19k K e
55, FEAR e SRR SN, EKR 12 h
PIEE AL A] TR A=A % . P147TA | P150A
U LISTA WGP R E  — R A, Rl
TEREAL 2 (P EURIR R, FREEH L A A
= PR

T AR BN S T SRR, R
T YRR S DU ) vk — 2D R S AR
Filg (9 S R o H T CHMO 2k B2 ip it ke Ik
WK, difet BIEAE, I HIRATE LUER 7
A # CHMO FIZ AR A 2 [ ik K22 A K,

RA (%) of
Description of enzyme

K1 K2 K3 K4 K5 K6 K7 K8 K9
WT 100 (12%) 100 (18%) 100 (87%) 100 (89%) 100 (92%) 100 (80%) 100 (97%) 100 (98%) 100 (78%)
L143A 89 88 92 94 96 87 89 91 82
L144A 0 4 10 11 7 40 39 51 37
S145A 80 86 63 55 68 90 83 91 89
P147A 73 76 92 95 99 92 103 106 87
N148A 45 54 64 64 71 32 21 44 30
L149A 63 53 66 73 80 54 66 73 40
P150A 92 88 87 90 95 90 86 111 83
NI51A 96 88 87 93 96 90 99 110 95
I1152A 53 49 50 58 57 61 62 63 50
K153A 45 38 30 31 35 41 59 53 32

K: is abbreviated for “ketone”; RA: relative activity. For a fair comparison, all incubations were for 12 h and relative
activities are expressed as the rate of conversion normalized to that obtained with wild-type CHMO. Absolute conversion

values for the wild-type CHMO are given in parentheses.
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JIT LA DL A0 MR B8 CRELTER ) A A DU AR O EE A
HY AR T 5 AR T 2 (] I S 2 SR A B . KT
AL CHMO 1 10 /NG AR A 4 2 LA B 3 5
VIR A, FEIMA R AT 143 NADPH, J
A ZR I B R AR A O BE AR AR 25 CC
340 nm KT MBI, IR SGAE X B[]
(4 bb 2 v AT A2 R R, P E e R 0 R
FHP T R R BRI A 3 B S WL A 4 AL RE 1Y
Bl 1 2P bR ) ELTE  BE A R E 4 i s
il 7 s M b SR R ok . BF AR D CHMO 7E fi
PRI PR R R S T —A, BRT
TEAEAL 2 AEBURER LT P147A FIN1S1A P
RAFRA S L144A 72T Y0 AR
SEHEA TR, GIE B T BE 8 A R H At 58
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Fig. 4 Substrate profiling with cell extracts of CHMO.
Each of the longitudinal axis stands for a kind of
substrate; each kind of the various shapes of points
stands for a certain mutant.
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%3 CHMO RHE R IREY X BRI F 40
Table 3 Enantioselectivity of CHMO mutants as catalysts in the BV reaction

Mutants  Specific activity (U/mg) Conversion (%) Substrates ee (%) Products ee (%)  Absolute conformation  E-value

Ketone 4: 2-ethyl cyclopentanone

CHMO 593452 45 21 89 S 38

L143A 288+30 36 36 72 S 9

L144A 55+2 43 27 33 S 3

KI53A 53+6 49 46 89 S 47
Ketone 5: 2-propyl cyclopentanone

CHMO 630+56 33 4 99 S =200

L143A 290+11 35 2 41 S 3

L144A 4942 37 4 3 S 1

KI153A 60+19 50 3 99 S =200
Ketone 7: 2-ethyl cyclohexanone

CHMO 546+16 45 57 83 S 22

L143A 445+3 45 64 40 S 3

L144A 14345 49 23 25 S 2

KI153A 295+10 49 23 84 S 29
Ketone 8: 2-propyl cyclohexanone

CHMO 557+11 50 22 99 S =200

L143A 4601 34 13 99 S =200

L144A 1961 46 0 21 S 2

KI153A 342+2 31 61 99 S =200

N O 0
it o (T=o
i ‘1
(1S,5R)normal (1R,5S)normal
BVMO mutants (1S,5R)-9a (1IR,55)-9a
}NADPH, H*, O,
i | o CT o
(1S,5R)abnormal (IR,5S)abnormal
(1S,5R)-9b (IR,55)-9b

5 BVMO LR 9 BRI RELE R
Fig. 5 Regio-plus enantiochemical outcomes of ketone 9, bicycle [3.2.0] hept-2-en-6-one, catalyzed by widetype
CHMO and its mutants.
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*4 CHMO RERTAENIRY 9 BIHFIREFM
Table 4 Regio-enantioselectivity of CHMO mutants as catalysts in the BV reaction of ketone 9,
bicyclo[3.2.0]hept-2-en-6-one

“Normal” lactone “Abnormal” lactone

Mutants Specific activity Conversion (%) Absolute Absolute Ratio (“normal”/’abnormal’’)
(Ujmg) e (%) conformation ce (%) conformation
CHMOWT 939+23 78 98 (1R,5S) 39 (1S,5R) 51/49
L143A 504428 79 97 (IR,5S) 99 (1S,5R) 51/49
L144A 6343 29 78 (IR,5S) 95 (1S,5R) 42/58
S145A 553431 70 99 (IR,5S) 99 (1S,5R) 53/47
P147A 785426 48 99 (IR,5S) 98 (1S,5R) 52/48
N148A 275423 33 97 (1R,5S) 98 (1S,5R) 52/48
L149A 366+35 32 97 (IR,5S) 96 (1S,5R) 51/49
P150A 290+43 49 99 (IR,5S) 99 (1S,5R) 54/46
LI151A 637+26 43 95 (1R,5S) 94 (1S,5R) 52/48
1152A 352449 70 93 (IR,5S) 99 (1S,5R) 51/49
K153A 403+4 80 99 (IR,5S) 98 (1S,5R) 52/48
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