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Gene mining and characterization of an aromatic heterocyclic
ketone reductase from Modestobacter roseus

XUE Jiayu, XU Guochao’, NI Ye

Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: [Background] (R S)-2-chloro-1-(6-fluoro-3,4-dihydro-2H-1-benzopyran-2-yl)-ethanol
[NEB-8(R,S)] is an important chiral intermediate for the synthesis of nebivolol. It is synthesized
by asymmetric reduction of aromatic heterocyclic ketones under the catalysis of ketoreductase.
However, the low catalytic efficiency and poor enantioselectivity of natural ketoreductases and
the unclear source of commercial ketoreductases result in low conversion rates. [Objective] To
develop a new method for the asymmetric synthesis of NEB-8(R,S) with high enantioselectivity,
good stability, and high catalytic efficiency. [Methods] We mined a ketoreductase gene mradh
from Modestobacter roseus based on the existing protein sequences of ketoreductases,
expressed this gene in Escherichia coli BL21(DE3), and determined the enantioselectivity of the
protein. Furthermore, we characterized the enzymatic properties and optimized its reaction
conditions under high concentrations of substrate. [Results] In this study, a novel ketoreductase
MrADH was identified which belongs to the medium-chain alcohol dehydrogenase superfamily
and exhibits both oxidative and reductive activities. The oxidation and reduction activities of
MrADH were the highest at pH 9.5 and pH 7.0, respectively. MrADH had good reduction and
oxidation activities for ketoesters, meta-substituted aromatic ketones, heterocyclic ketones, and
secondary alcohols. In addition, it had a half-life of up to 207.0 h at 40 °C, demonstrating good
thermal stability. MrADH efficiently catalyzed the reduction of 600 mmol/L (S)-2-chloro-
1-(6-fluoro-3,4-dihydro-2H-1-benzopyran-2-yl)-ethanone to synthesize the product alcohol with
the enantiomeric excess (€.e.) near 100% and a conversion rate of 99.7%. [Conclusion] The
ketoreductase from M. roseus can efficiently synthesize high-optical purity intermediate of
nebivolol hydrochloride, laying a foundation for the synthesis of nebivolol hydrochloride.
Keywords: gene mining; aromatic heterocyclic ketone reductase; high stercoselectivity;
MrADH; nebivolol

(RS)-2--1-(6- . -3,4- — F -2H-1- % 3 ik
i -2-3%)- L E[(R S-2-chloro-1-(6-fluoro-3,4-dihydro-
2H-1-benzopyran-2-yl)-ethanol, NEB-8(R,S)] /&
— PR T AR, VRN TR
AR T8 s 8 IR . R i& IR e —FhE N
TEAU A SN 22 05 1 1 20 — AR B B1-1F B AR
REZEP AR, T TIRIT R
I A S RO ) v, I BETE ARSI A i

— A AL F (NOYHIL T Sz 4 1ML 5 &7 7k R L/ INBR 90 i
ER .. B THREREM R, SRE AR
G A B EEIE R NEB-8(R,S) W5 L A &
B BHET, ST AR Tk E A
B2 A . H2E sl 125k o F A AR
FRIBJE . Horp, AR A KRR IR J5 DR H: g A2
R | PSS A 100%155 | Bl A
TR AR P S 2% 1 T R A0 T o AR A A
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B RGEAR, XFTEAMUA T E R, M HAR R &
A TP AR AE ™ BRI, R A P id ST
PRE L NEB-8(RS)& i e AR ik £, A I
FHESNZR U R T RELE A = R0z g

s b, FRPRAS WA IR B AN KT FR I i 36 8
JETEFR O BE i AR IR I A A HL TR i
FI(R)-2- KL -0 s B b6 5 W 6 2% 5 0 - Wl o —
& KR e (BHy DEA) #EAT A B AR T, DLIR Ji
(9)-2- . -1-(6- 5. -3,4- — & -2H-1- 2K FF: Nl il -2-
3 )- Z i [(S)-2-chloro-1-(6-fluoro-3,4-dihydro-2H-
1-benzopyran-2-yl)-ethanone, NEB-7S], 3.7 h A
AEIRE] 90%AY 5L, Xtmeikad il 98%!.
AR, A LR ER L AT 5 S N B RN IR o S ARk
Flgss, HTJE 755 /L B NEB-7S, fE3 h
DI A 91.6% , Xof Bt S ) (AR 4 B 36 1) 97.6%
SR, Ab274 i NEB-8(R, )Y )7 W AFAE 1 £ i
B MRV A R . R RN, s
BRIGTH | Al AN i S B wE AR 45 . AH
FeZ &, AP R ik S5t (CR) B S i Ui (ADH)
AT YA AS X FRIE SR A BT NEB-8(R,S)
B RN Ty, AR T Ay e 1Y
TEBEA UL, A& s A4 7 1 5L 56 2%
1, LS00 77 20005 R AP 2236 P A %o il A 4
BE. Fhn, Jas SR A RDLALAI(R)-ADHs £ K
NEB-8(R,S), TEJEYiaith 38 g/L if, Xfmt
i BRI 99%, 7 %R 93%-99%. [FAf
T8 %R ] RorRADH % NEB-7S #E4 7 A X #4
W, 133 NEB-8(RS), /RN 90%-99%, Xt
WA T 99.2%., Hik NEB-8(RS)AYA:
YA AS KT FR -G L2 B R Mk B A i . it
2R R AR 23R A Y BELAS:

AT iz FIE R B s 12 s, I 5 4>
AN [R) A YR AR R O A 2% PRI A S g, X ORVE T
21 A A RHR AT 1 J8 (Modestobacter  roseus) A il
)5 MrADH B30 J5 3 ) FxT s £ 14, DA

Ll AR IR AT . Tt — R
MrADH [ R IV F7 , o el P o i A T TR AR
58, QAR R | ol pH (E . RERENE
AL 2 )R B TR R .
S, AR R R E R AT IR I SN, DA
FEM AR T B AT A7

1 MHE7%

1.1 #m

ABIE S T B B TR AR ORE : TR A D il R
J5 T 77 21 3R I (Rhodococceus ruber) | FE L IE 2T Bk
T (Rhodococcus pyridinivorans) . x5 i1 1& Fz 7
(Geodermatophilus obscurus) . ¥ i HE #T &
(M. roseus) . "& # £F 4k B (Thermobifida
cellulosilytica) . A\ Z: HfiA 1 (Her biconiux ginsengi),
il 340 Dt e 356 TR F R R 2R A FR A Wl 4 B R A
Ji%,, Escherichia coli BL21(DE3) 15 ki pET-28a,
HH S S % PR A o
1.2 EHFEE

LB WK IR 5 (g/L): REE R 10.0, LR
FEW 5.0, &ALHN 10.0, 121 °CKHH 20 min;
LB [EfAEE 73 (g/L): WA TR 10.0, BEREEZEL
P 5.0, EAbAN 10.0, ZEAEH 20.0, 121 °CKIA

20 min®,

1.3 FERFIANEE

Oxoid JREE RIS IR AR, 8K
KRB AR EAREN, LR R
ARAT B, A& ALY R ; NADH/NAD',
BEAY TREGIN) A PR 7] 5 Bradford {75 F1
1L F1 2 F (bovine serum albumin, BSA)FRUE
W, TR TR RN AR AR, EC
Be. FNEE. CEEMPE(AIESR), HlghrT
AR A A BR A W] 5 R IR 2% 53 P4 Jk-B-D-
A ZLR T (APTG), FigfEEAY) TREA R
oAl AAesE, JERUIRBUVEYIRIECA R A A
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a1 PAGE BERC PR ] &0 &, B AW
BB () B A FR 2 H] o NanoDrop i 436
JEET, FEER R BHE AR ZIReRER AL,
AL AR AR ORISR, (R4
P2 b (VA BRAS Rl 5 8 A5OBAH gAY,
LHARRE (b DA BRA H P
14 ETEERNRESRE

DL Mr ADH A 5135 348 Bl 15 D5 il 11 8 1o A
# 1 pL (100 ng/pL)fY pET28a-Mr ADH J5i b % 4k,
FJKZ A E. coli BL2I(DE3)H, 37 °CHfE 1 h
SRS R R SR AT T LB PR b, R SR
R BRBUEAS RIFA SR EETE, HFE] 40 mL
1 LB ¥3EEH(E 50 pg/mL B RIFER),
37 °C. 180 r/mim }%3% 6-8 h; IS, ¥ 1%
Fh R 3 100 mL i LB B 5557, 5537 2 ODgoo
0.8 BFHIAZHKE N 0.2 mmol/L ) IPTG, FF
KR ERE 2 16 °CLLE S MrADH [3kik; 4l
12-14 h {55325 F 8 000 r/min B.0> 3 min Y 4E
BRI AL

T 4lifk MrADH, B BRI IE B V7 T4 A
ZVP A W (pH 7.4, 50 mmol/L NaH,PO, FlI
Na,HPO,4, 20 mmol/L BKIE, 500 mmol/L NaCl)
o RAMAEHFE 300 W, TAE2s, A8 3s,
Fr2E 15 min) PRI, 8 000 r/min 5.0 5 min I{
& Bi5. B MrADH A9 EERAS IN3] Ni-NTA-
Sefinose #1:H, 7 HPE L B #(50-500 mmol/L)
FREEUENL . VR 25 05 R ] SDS-PAGE W%k
LA 12l B, i AR IR XS MrADH #EA 74
FIBEE:, EA74E pH 7.0 £ 100 mmol/L Tris-HCI
Sk, A NanoDrop 43 Y6 6T
JER s = R 5 A
1.5 RIFEFATEDHNE

PR JEUIE JTHMIE (200 wl): BERRZE thEh iAWk
(PBS, 100 mmol/L, pH 7.0), 2 mmol/L NEB-7S al

KM, 0.75 mmol/L NADH, 0.5 mmol/L ZnCl,,
10 pL Gid W FE B . FEr IR TR AT, Kl
3 min N 340 nm &b SGAE ) AR 4

SRS S B9 (200 wL): HER-A AL
BNZ% i (Gly-NaOH, 100 mmol/L, pH 9.0), 5+
HEE, 2 mmol/L NAD", 0.5 mmol/L ZnCl,, 10 uL
FIEWRE MR . R R%IRS, K 3 min
N 340 nm AW EAE AR AL

fifg 15 ST (U)E X : 1 min A4k 1 pmol
NADH/i&J5 1 pmol NAD I 22 i il 1),

Aty 1A K (DR

. EWxV x10°
@ﬁrﬁjﬂ(U)=—6 20%] (1)
K()HF: EW R 1 min N 340 nm &b 16 B AR
FRAE; V R ROWAR 2R AT (mL) ;6 220 2 NADH
JE IR M6 AR BU(L/(mol-em)) ; | A YRR K B (cm)™,

ELIE 1S A 2) iR

o BEE J1(0)

e kb P @
RQ)F: I AN Umg; BEEIATHA N
mL; IR A mg/mL.

R 25 1k B DU R B T A 2 ik
(Bradford), LA/NFILEG I BSA MFriEMm
Z2 0,

1.6 FEHRT BRI EE M A E

Pl A 55t Yo e e 49 000 R 118 S g AR R A
1 mL, fJ4% 5 mmol/L NEB-7S,0.5 mmol/L NAD",
0.5 mmol/L ZnCl,, PBS ZZ#'# (100 mmol/L,
pH 7.0), 5% (IR EOR S INEE, 500 uL &iE
VR JEE (A AL RV

TEAERIER FH 34 OD-H (4.6 mm>250 mm,
5 um), WANAHEIE Ok FNEE=95:5; HK .
210 nm; HEiE: 25 °C; Wi : 1 mL/min, RT
(NEB-7S)=11.913 min, RT [NEB-8(S9)]=10.373 min,
RT [NEB-8(R S)]=14.372 min,
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e.e. (%) ATA %100 3)

AB)F: As I Y) NEB-8(SIIETHIAL; Ar
A7) NEB-8(R,S)AY I 1

2 HERE5M

21 EEEZE. EHEEREERTFIE
T i it it Rr ADH 5 H 2R 213K & (R. ruber),
B R B X B A ) (AR ) 2 PN R R S ) B
it 2P, a] LA 32 &8 50% N A1 80% 5 14
B, PLE AT 2 99%m) E ke, s seAT HL
TR R AL o T 5 22 i /K P R IS4 1 i
fift, T LR REAS R R WA S A A R, 7R 4R
PR J5 R o BRI IR B o At X ROk,
RrADH A5 22 I 0 4 Rl 1528 R 40 (a0 HH
JId 2t R 2 O A ), e T AR P A A
BERZ DT, SRS T M T U H ) AN HA 24 1 5
Wi S 0003, B ol A AR R YR B, ke A
TSNS I B A A ), DT T Ak SE IR R
SO e T H ST, RrADH 1R
HMIMEZ, RS HEIL 2R BT 2 6] (1 AL A R
BN, TEEAEIE SO%FNEMAMTT, EhE
% 10 SR B v 3k 126 /L BT TR R , R X FR A
HL(S)-6-H FE-5-BEdfs-2-E, IL4h, RrADH [RJ#f
TS & NG W L 5 SRR LA
Ko B-AEFNCHIIE ), IR H 2R A S
MM, Arnold MURFFE WY, AR AEA HLE
I B A PR T BB ph 2 AT K R S 1 A K
B T N RS E AR B E B Fr e . Eh e
AR KA rp X R G A 2 E S A A T
Korkhin Z:1"F1 Karabec 223 #7308 RrADH
M TbADH W fbikzity, &3 RrADH H A-B
M C-D Z A —RARFE I i 10 R IFIE#E
X AT g AT ML I 32 P A v i S IR 22—

TE B 0 R A28, 257 50 A AL R
40%—80%I , 3k 42 KL PR ifr & ith 1) il 308 5 G O B2
T 5B AR DI RE LAY, AW BRI —
SEPREL il i A 25 SRR PR B E L H, X R B
SR BB IR R S L AR R PR
oAty THI A REPE o R, ABF5E L RrADH Jhy 2
D2 PR ET I, K 8 1 B 4178 NCBI 4X
PEEHR XL R T 5 MRAMBE LMY
RrADH J¥SIARRIE S 50%—80% Y KA #E47 %
IRFITIE, BARE R 1.

FAMEE 9k 518 )5 i SDS-PAGE 43t 4
K 1 R, BR RpADH kb4, H
AT RN FE . I J7 RN R PR 43 B BN A
AHRIET M. roseus HYREEIL JEHE(MrADH) AT LA
R 000 1) XoF S P e RN A 2 T A R X A v T AR AR T
71(2.01 U/mg) ik J5i1% 77(0.51 U/mg), DA J#%
I 100% 0 = e 5 . PRLtk, MrADH J& 1)
DA FH S5 P9 B A7 R 40 AR B0 st Ao 4 il 5 A 0 2L
BWAET- MW O B AT R, T —
#iJ¢ MrADH 76 FYEBES B N, A0SR
TR TR Al R R A R AR, R
T HAE SRR T AN BRI 5 S
2.2 MrADH HEBFFISH

ol R PR e i S EE PP 4 S B A
A] 443k J6 5 it 2B (short-chain dehydrogenase,
SDR). 4% E i (medium-chain dehydrogenases,
MDR ) FIE i 14 i (aldo-keto reductases, AKR).
Hrr, MDR F2KHTHEF, HA 215
FERRSF S5 38: (1) 2 F C 25 NAD(P)”
2541 Rossmann Hr&il, HLDL B-a BIEAFF
78, 3 B A A ) GXGXXG 4N T 4548 751
(2) AT N umHAEILIE, 5 GroES HA ZLFE A
Y. MDR i H A R AR U R IR I X &
W, BOWEEEHE 2 MEBSESNE
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* 1 BEEEBEZERSHETREBMNERRFELSR

Table 1 Information and screening result of alcohol dehydrogenases selected by gene mining

Item RpADH GoADH MrADH TcADH HgADH
KRR PR R. pyridinivorans G. obscurus M. roseus T. cellulosilytica  H. ginsengi
Source strain

GenBank #3¢5 WP_024100401.1 WP _012949716.1 WP _153361988.1 WP_068756480.1 WP _092556727.1
GenBank accession number

LA 1050 1050 1044 1050 1044
Number of bases (bp)

AN 531 38.5 38.5 38.3 38.5 38.3
Relative molecular weight (kDa)

J A AR 75.63 61.64 60.74 58.84 62.31
Sequence similarity (%)

FENEELIE 0.26+0.03 n.d. 2.01£0.10 n.d. 0.28+0.02
Specific activity to isopropanol

(U/mg)

NEB-7S i /1 0.92+0.03 n.d. 3.60+1.30 n.d. 1.06+0.04
Specific activity to NEB-7S

(U/mg)

ST ee (%) 92.1 94.2 >99.9 48.0 96.5

nd.: RAEGIEE 7
n.d.: No activity detected.

MY 50‘%50“@ P‘““Rv N Go v

kDa M|23456789710
120 —
100—
70— -
50—
- =
- - - —
30— .-
25— .

1 L RrADH A#REHZHRA 5 BT RESHY
SDS-PAGE 43#7t  1: MrADH L34, 2: MrADH
ULVE; 3: HQADH -3, 4: HQADH L3 ;; 5: TCADH
3%, 6: TCADH JJii¢; 7: RoADH 3%, 8: RpADH
UUKE; 9: GOADH Liif, 10: GoADH JijiE

Figure 1 SDS-PAGE analysis of five ketone
reductases mined with RrADH as a probe. 1:
Supernatant of MrADH; 2: Precipitant of MrADH; 3:
Supernatant of HQADH; 4: Precipitant of HQADH; 5:
Supernatant of TCADH; 6: Precipitant of TCADH; 7:

Supernatant of RpPADH; 8: Precipitant of RpADH; 9:
Supernatant of GOADH; 10: Precipitant of GOADH.

JEF-, A3 ) R T A A L A e 5 e 3
AU Z5 R0 o AR BRI 1 AR . 2 4
PR B 1 A KA BT, 10 25 e 0 3 2o
4 AP BRI, X I35 ] A4 AR 1R R 2
ElER . % MrADH (M4 75 &
NCBI %4 FE ¥E4T CD-search Ji, 455 s HE
F MDR B . FoATHE—25 B 27 v e B
T [FJ& F MDR 8 4 1 1 [5] 5 B (4 0l ok
ADH-D, PDB / 2H6E A; SsADH, PDB ¥
1R37_A; PaADH, PDB 4 NP_559727; SaADH,
PDB i Q41781.1), i1 T 275 Xt , 4554
w2 FiR .

RE MrADH 5 X 8€ [m] JE i AE — 27 5 |
FE—E 2R, HIHAE HEEH F AR
FERRFHE, (HG NAD(H)ZS A HEALBF T
55 G AL B B 255 0 A (S50 FF SR AL A AL B
BPEES LA . Cys39, His63 I Aspl54, 25,0
Sk Ak A SR B B A A AL s Cys93. 96, 99
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2 MrADH 53RiRT o #E 8z it SEG B R IR FEB FHIRT EE

Figure 2 Alignment of the amino acid sequences of MrADH with proteins derived from the medium-chain
dehydrogenase superfamily. ADH-D: Saccharolobus solfataricus P2, PDB: 2H6E_A; SSADH: Saccharolobus
solfataricus, PDB: 1R37_A; PaADH: Pyrobaculum aerophilum str. IM2, PDB: NP 559727; SaADH:
Sulfolobus acidocaldarius DSM 639, PDB: Q4J781.1; MrADH: M. roseus.

M 107). ZEE5HT, MrADH 5 291 140 i i
RrADH (194 F 5741 — 3k h 60.74%, 1 H Hi
i L XT MrADH #E{LIhRerImE s 4iE , Frlh
MrADH ] % #1% MDRs #8555 th 0387 i R o
2.3 MrADH Hy4hift

J T IRAMFSE MrADH (S RESRE, ASHE
FEIE TR E AR AT . iR Sk g AR AR T
M 4.8 mg/mL (W&, FFXF MrADH Zlifigt1 7

T SDS-PAGE 73, 458K 3 s, MK 3
AT LLEZE), MrADH 7E 40 kDa [ iE4 B i@
fE A&, SPS(E 38.3 kDa AHFF, I H.4f
i LA = i . 2R ThResrtr R0,

MrADH J& 30 4 X4 PR 1 7 b AR 1 o AR A9
Iy EET MrADH XFEAL BB NAD A
NADP" J ik i B ) w4, & BLLL NADP”
# NADPH Mgy, ARAaMF] MrADH Xt 57
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kDa M 1 2 3 4 PBS 7.0, £ pH & 5.0-6.0 i}, &JR7E S F
}33: F+, HAE pH 6.0 AT BRI IR ENGE vl h i
G ST pH 6.0 1) PBS 22 IR 1348 J5215 77
g - 16 pH 6.0-8.0 ff) PBS 1, W JEE J1 %7 1T,
= IRE A KA, TGRS MRS 62.0%. fE pH
O @ oH 8.0-10.0 /) Gly-NaOH 1, i J5iE f1 1 76.0%5%%
20— B2 14.0%. X FHAMR T, HARE pH
{5} 9.5, 7E pH 6.0-8.0 () PBS 1, A ALi% N
' GWRL T, BRGSO 747%, 16 pH

3 4hiik MrADH B SDS-PAGE Elif M: &
15t Marker; 1: WEE EIE; 2. BEREDLIE; 3:
MrADH i i

Figure 3 SDS-PAGE analysis of purified MrADH.
M: Protein marker; 1: Supernatant; 2: Precipitant; 3:
Purified MrADH.

PR E P AT 3 T RN 248 G R ) 3R D3 7, A
A NAD 1 NADH M AfiEHT MrADH A4 &3 H
AL LLTE SRR SR LTS T, 435028 3.8 U/mg il
8.4 U/mg.
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M pH {H°M 9.0-9.5 B, 7 Sl E, ki E
KAG, Wi J57E pH 10.0 AT 76 S B F% 5] 25.3%
(#l 4B). LA, 7E)ETE MRS pH T, &
TG 1R 35.2%, TEAA Ll pH ik J5iE )
10 23.0%, XEEZEREN], MrADH #Y % 4bid
JRE T3 pH (HZW %, Kk, ELhRmA:
IR I P R, T B X AR E A S 2 R e
WG pH 25, DA K R & # MrADH
I T T
2.5 MrADH HEERREM
W SA BTN, £ 30, 40, 50 Fl1 60 °CHY
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1200, pgs
100} = Gly-NaOH "
=X .
E: 80 =
.E ,{ / \
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d; »"f . \
£ 40t / ’ “
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0 1 1 1 1 1 1
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Figure 4 Effect of pH on the activity of MrADH. A: Effect of pH on the reducing activity of MrADH. B:

Effect of pH on the oxidative activity of MrADH.
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5 EEX MrADH 35 HBYEN
=5a

A: MrADH 7£ 30, 40. 50. 60 °CHy} 1. B: MrADH i

Figure 5 Effect of temperature on the activity of MrADH. A: Half-life of MrADH at 30, 40, 50 and 60 °C.

B: The optimal temperature of MrADH.

AN 745, 207.0. 61.5 F131.5h, &t
SR E MrADH SR I 60 °C (K 5B),
Tso'" A 70 °C. MULAT W, MrADH A K4
R ENE, JLHIETE 40 °)CF A& KK
=
2.6 ©REBEFK EDTA X MrADH &
A

&8 B T/E MrADH B ZhBE RIS 1 b % 15
HEREXHEEMEN, XEHTRAUEES S5H
OSSR, 07 BT AERE B I 5 A AR M L R
TEPE . IR & 5B, A THRAT
fif 4 R ES T4 MrADH 9 BARSE IR, 248 T ZFf
&R B F K& 2 DU 2R (EDTA) Xl i 5 ity
MIVER . RIS TN 4x s 2 B A5 (%) i TG 7 o B
HECGE N 100%), 45RILE 2, & 2 Hraf L)
FH, REHEEE T MrADH HA G/
. Hrr, Co*" . Na™ il Zn® X s 1 03 TR
BN RE, HIARTIRAY 1.55, 1.42 fi1 1.30 £,
Ni* F AL X BEE A R R VE o 55 ok Fe™
M Cu " X R4 B TSR EM e R, It
Ah, 4 JE BTG EDTA ok k ILAE A% 1

#x2 ATELBEETHNEDTA X MrADH HIE2N
Table 2 Effects of different metal ions and EDTA
on MrADH

ElEET R XS | &R EE T & AEXT I 1
EDTA Relative EDTA Relative
Metal ions and  activity Metal ions and  activity
EDTA EDTA

Mg** 1.10 Co** 1.55

K* 1.09 Ni?* 0.92
Ca* 1.08 EDTA 0.76
Zn* 1.30 AP 0.68
Mn?** 1.06 Fe** 0.00
Ba* 1.11 Cu** 0.00
Na* 1.42 Control 1.00

BTG o X — R Bl —HESE T MrADH 4R
BPREME, EDTA Eid 548 & 14545155
T T Y QE TEAE . X — & B T B
MrADH FJ AL S A4 2 Mr ADH F /& 2500 XF
FRIf J A 2 HA S S
2.7 BHLAFIEEE R
WFPEm R Z B FKME, XS ECE M
DIV T K o o T AR AR O A R S
Vs It P = B SR L 2, T
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TINAA HLBIEE R . A BLBh I 70 e AN A3 in
TRV R, B TERSCR, i
HE T A BN ) R AT o A SRS T
— BB HLIE RN MrADH RS20 . WEL 50%KH)
A HLIERIAE 2 h PIOEERS 52, DO I HLE
Feas FAXTRR, BEE R 100%, ELREE LA 6.
ML 6 H AT LUE H AR RS HILYE 0T il 1 1Y)
AR, 78 2 h 58RI R 75.9%-90.0%
FIFRARTE S, H IETHEXt MrADH (520
AN, BRATE TN 90.0%, HASKAREEAL
BHRIWAE 55.0%65.0%M54316 11, S5KIR
75 1 LR £ T8 A — 1 7 B (DMSO) X il 7 )
ISE A, T FLIR £ TR (5 WA IES 2 00 -
2.8 MrADH HIR#4FH M

H T IRAIRIE MrADH TEA XS FRIE I 45 F
TR DA BT M B B T T R T, AR
FER LR AT T A 58 . FE T 72

120
100F =
80t 7

60 -

Residual vitality (%)

40t

20+

o, R T — RIVZHEARY IR, AR e B |
PR . 5 A . ZRIREA . 05 A 4 PRI e W5 A
FAE 2RISR, [RIIHA S — Lo, a2 3 1Y
BHEHT, KB MrADH X ERZEE Y R e
2 HTEE, BRI R AR | ek R
FEA R HAT — & MfEfeag ). 534h, MrADH
X ) g P A 1 Ao R, T o 35 )
TG P AR 8 2 O T o S B DA TR R 2 i S 161
H G 18 31.30 U/mg. 78 75 7 Bl (1938 )57 7 1T
MrADH BEA R 52K 2, i, X ] 437 B
FEOTE PR R TR AL HE , (H X &R A7 B L 1Y
55 B WA TCTEPE o LAk, MrADH 38 BB T X 2%
NI S N T S TR N AR iy NI VA B
1= S ) o 3 S g 07, X NEB-7S i id i
Hi& 7178 3.60 U/mg. 2R, XfF 2,4- 5% H
il 4 X055 360, MrADH GG M. e ALk
TEJTTE, MrADH SR ) T4 AL R, X TR

Y

& &L & &

6 HBHAFIZT MrADH 5& 7189520

MTBE: HIEEUT 3l ; DMSO: —H TR

Figure 6 Effect of organic solvents on MrADH activity. MTBE: Methyl tert-butyl ether; DMSO: Dimethyl

sulfoxide.
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Table 3 MrADH redox substrate spectrum

NG| W J5E T AR LTS )

Reduced substrate

activity (U/mg)

Reduced specific Oxidized substrates

Oxidized specific
activity (U/mg)

N Acetone 1.50+0.03 SN Isopropanol 3.80+0.30
2-T'fil 2-butanone 4.90+0.08 1E T B 1-butanol 0.10+0.02
4-H 32 %l 4-methyl-2-pentanone 6.10£0.40 ff T B Sec-butyl alcohol ~ 8.30+0.60
2,3-J% T 2,3-pentanedione 21.50+0.90 3-J%. ¥ 3-pentanol 0.30+0.04
AR 2, g Ethyl pyruvate 31.30+2.30 1-3 % 1-octanol 0.70+0.03
4-F LBk PR T8 Ethyl 4-chloroacetoacetate 19.80+0.70 1,3- 7 % 1,3-butanediol  0.50+0.01
2K Z Wil Acetophenone 8.40+0.50 1,5-% % 1,5-pentanediol 0.20+0.02
2-F2 KK M 2-hydroxy acetophenone 0.00+0.00 2,4-J% "% 2 4-pentanediol 0.70+0.03
3-32 5K 2R 3-hydroxy acetophenone 5.20+0.50 1,2-C% —f¥ 1,2-hexanediol  2.00+0.20
4-¥F 7K Z il 4-hydroxy acetophenone 2.50+0.30 ¥ E ¥ Cyclohexanol 0.30+0.04
[8] 475 Z I m-chloroacetonenone 34.50+3.10

X AR 2.1 4'-chloroacetophenone 32.10+2.70

180T F-4-WRWERH 1-tert-butyl-4-piperidone 24.50+2.40

N-AUT A FEWRBE R 1-tert-butoxycarbonyl-2-piperidone  21.70+3.90

NEB-7S 3.60+0.30

2,4- "SR HI il 2,4-dichlorobenzophenone 0.00

AISAAL HTG s, 35 8.30 U/mg, X NBER) AL (<5 o/L W) B4 A0 2 L g (]

Feid 1o 3.80 U/mg, EiR%5REH] MrADH A
BT EARFEIR D, R8I EMOtE Tk
Wy T EL A 8 v A g TV 7
2.9 FIF MrADH AXIFRER & B NEB-8(R,S)
T BEFE MrADH 78§l 25 05 75 22 3R BE v 1Y
BOR, £ 10 mL R FREH, FIHELRN E. coli
BL21/pET28a-mradh 4= 4l Jfd X} 200 mmol/L
(45.7 g/L)) NEB-7S AT AXIFRIB G, ik
AN 7. MrADH 7E 4 h N5 24k T NEB-7S
IARTFRIRI, FFEORFEEHZE 100% ee. BT
HEsufbacs, REF S/IC A4, E—21F
7 HAE 300 mmol/L (68.5 g/L) NEB-7S T i
AE. £ 12 h P MrADH AL R T 99.0%,
ee SRR FF AL, 4 K5 5 B 10 0 3k B
PEo VEA—FEA Tl & ORI, R
HAB R IR 2% >100 g/L) . 75 r

(<24 h). aﬁ%E@%fk%(z%%m%{t%ﬁm&
B e 3 PR M (299% ee). R, HE—AE
600 mmol/L (137 g/L) NEB-7S frJﬁFTWﬁT

MrADH H 0N FHW J1. 760 4 h N, 5 b3m
RO, RZAAE 24 h N, MrADH 52 T %
600 mmol/L NEB-7S if i’y NEB-8(R,S)) )%
B, BAEER T 99.7%, €e>99.9%., HHAL T HAt
ADH, MrADH 7R 57180 R H e it
fbtERE. MrADH HA B S/C Ty 45.7 glg.

MrADH 7E 7% whif /K S T4 Hh [B] A 8 A8 X R
A B B BT B I I RV T

3 WREER

ABIFFER FHFEIN 20 X2 RS A M. roseus
HOR LT HA 55 e P i T P B T 3
MrADH, FH7ERMAT SRS Fr
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7 MrADH A 5F#R1EE NEB-7S
W ERE AN [A] AR A A R 0 i A ok

A: NEB-7S AXFRif 54 NEB-8(R.S). B: MrADH X} FRik Ji5

Figure 7 Asymmetric reduction of NEB-7S by MrADH. A: NEB-7S asymmetrically reduced to NEB-8
(R,S). B: the process of MrADH asymmetric reduction, with different labels representing different substrate

concentrations.

G4 AT i Mr ADH J& T Hh B e i S0 HE 07
5 H Al MDRs #l], HA RSF A5 IESS 6 50
KB FRALARIE . X MrADH #4757 4lifb
FAE, EIILEA 41 NADH)RR M,
FLA AL RN SR 7, X6 2R 2T 15 TR B ) EL
F143 %14 8.40 U/mg F1 3.80 U/mg, FHIHHEA
JIC AR I R AT Il A A BE ) o R ME TR AE R
B Mr ADH 13 i3 77 Fl 48 A6 % ) 9 il pH A
A3 514 7.0 F19.5,7E 40 °CHYE WK 1% 207.0 h,
R RIFHRFEENE. &8 F Co™ Ml Na*
SEAT DL 2 P v SRS T o A HLES SR 52 1k
W] MrADH HA RS MAPLERImZ M, 7T
i T K IR R AR A XS FRiR I, A 1)
TSI R R T AR AL SO o IR A3
PMr& Bl MrADH XTNERER 2. Mg . N-$UT & S0k
W i) 55 JEC ) LA B R iR D v M, (L & 57 B
PR B 15 184K , Mr ADH S 55 P i R ] e 4
i IV A 2R B0 i A e AR AR TG P - Mr ADH . RERS 155
AL IR NEB-7S, 7E 24 h IN AT LL 99.7%H
AL M>99.9%11) e.efd 600 mmol/L (137 g/L)
NEB-7S 8 Jii s NEB-8(R,S), S/C 4 45.7 glg,

B3 T H A HoE i s KF-, &P MrADH

TEARXIHRIEJE NEB-7S HAT 30 8 & A3
B FEAAL AR FR G R R 45 0 16 IR $R it T
LB TT IR, O AR R L T A X ke
SRR T VR R G B e T RS B . ARk
WK kS IT T MrADH #9431 TAE, DA
dE— PRI A AR RE 30 T8 LN FVE
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