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Cloning and characterization of a novel carbonyl reductase
for asymmetric reduction of bulky diaryl ketones

Zhe Lil’z, Weidong Liuz, Xi Chenz, Shiru Jial, Qiaqing Wuz, Dunming Zhuz, and Yanhe Ma’

1 College of Bioengineering, Tianjin University of Science and Technology, Tianjin 300457, China
2 National Engineering Laboratory for Industrial Enzymes, Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences,
Tianjin 300308, China

Abstract: Asymmetric reduction of bulky diaryl ketones is still one of the challenging tasks in biocatalysis. By genomic
data mining, a putative carbonyl reductase gene pascr was found in Pichia pastoris GS115. pascr was cloned and
over-expressed in Escherichia coli Rosseta2 (DE3). The recombinant enzyme was purified to homogeneity by Ni-NTA
column and its catalytic properties were studied. PasCR strictly used NADPH as cofactor, gel filtration and SDS-PAGE
analysis suggested that the native form of PasCR was a dimmer. PasCR exhibited the highest activity at 35 °C in phosphate
buffer at pH 6.5. The enzyme catalyzed the reduction of some bulky diaryl ketones, such as 4-methylbenzophenone,

2-methylbenzophenone and 4-chlorobenzophenone, especially for 4-methylbenzophenone, the product S - alcohol was

obtained with 85% ee.

Keywords: biocatalysis, diaryl ketone, carbonyl reductase, Pichia pastoris
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e IREERE Pichia pastoris GS115 ShsLme a8
1, KI¥FE Escherichia coli Rosseta2 (DE3).
DH5a. #ikfiki pET32a (+) ¥JIHH Novagen
YA
1.2 ERE. TEAFRILE

P. pastoris GS115 X YPD £33 37 30 C
WEATREFE . KA FT# DHS0 1 Rosseta2 (DE3) £
37 ‘CH Luria-Bertani 35 #3017 5555
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BRI A RIEFEAY TRARAR; DNA
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EMBL (¥ i 3514 (GenBank Accession No.
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TAAGGTTTTATTGACA-3', I : 5-CCGCTC
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Fig. 1 Amino acid sequence alignment of PasCR from P pastoris GS115 with Mus musculus delta-5-3-
B-hydroxysteroid dehydrogenase (3B-HSD), Candida macedoniensis carbonyl reductase (MER), Sporobolomyces
AKU4429  carbonyl (SSCR),
(Zygosaccharomyces ) and Saccharomyces cerevisiae carbonyl reductase (YOL151w).

salmonicolor reductase Zygosaccharomyces — rouxii  carbonyl reductase
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66.2 —
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144 — -

2 PasCR ZER4i{t SDS-PAGE Ei&

Fig. 2 SDS-PAGE analysis of the purified PasCR.
1: molecular mass standard; 2: uninduced; 3: crude
cell-free extract; 4: purified PasCR.

TR e NADPH 1930 124250 T3 1,
MR AT LIE 15 FL L 5 PasCR XTARITHE Y
4-G8-3- R HE T R R 1) 2% R0 ) AL S8R R i
F T EGNARCE, Kt PasCR X} 4-5(-3-Fk
BT IR OG- EA I AT e
24 BEEMISRIESN pH.RE K pH iR E M
DIZR Gl ), BRFE I8 )5 PasCR 1
pH 6.5 [WBFIRZE B h 2B T e ifi ik, 4551
WE 3 Fin. 78 pH 6.5 WIS T BRILA G
PasCR 7E 35 CA&MFTFRIM T memibtE, miz
60 CHIAIEMIEYE (B 4), AIREFEIXIREE T
PasCR 2 475,

#1 PasCR MK ZHE. 4-5-3-3E T B 2B 448 NADPH Mz hF S
Table 1 Kinetic parameters of PasCR for acetophenone, ethyl 4-chloro-3-oxobutanoate and NADPH

Substrate K., (mmol/L) keu (s keai! Kn(L/(s-mmol))

Acetophenone 7.400+1.900 0.054+0.007 0.007
Ethyl 4-chloro-3-oxobutanoate 0.540+0.053 6.100+0.230 11.290
NADPH 0.013+0.003 0.031+0.001 2.380

100 r 100 r
& 80t & 80
z z
Z 60T \_{ = 60
E g
2 40 2 401
k- ki
£ 20t & 20

0 . . . . . . ' 0 . . . )

3 4 5 6 7 8 9 10 20 30 40 50 60 70
pH Temperature (°C)
B3 ERYSIERE pH B4 EHRERNEE

Fig. 3 Effect of pH on enzyme activity in different
buffers, acetic acid/sodium acetate buffer (e), sodium
phosphate buffer (m) and Tris-HCl buffer (A). The
maximum activity in pH 6.5 was taken as 100%.

Fig. 4 Effect of temperature on enzyme activity. The
optimal temperature of the carbonyl reductase PasCR
was estimated at various temperatures (25 °C — 60 °C) in
phosphate buffer (100 mmol/L, pH 6.5).
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pH FE TR, 78 pH 4.5~9.0 YN 100
PasCR A B4 IR EE (18] 5) ERUE PSR

——30°C
1E 30 CHISMET PasCR BRI IFaEM:, TfE —=—45°C
——50°C

45 CHI1 50 CZAF PasCR WfaEME 2, 1F
45 “CHf PasCR A2 HEWI4) 80 min, TMifE 50 CHYJ
M T PasCR 25 HA 10 min (& 6).

Relative activity (%)

(=]

20 40 60 80 100 120 140 160 180 200

100 t (min)
50 | /‘\!//(/\l M6 EHREREH

S
2 . .
Z 60t Fig. 6 Effect of temperature on enzyme stability, the
2 samples was withdrawn at different time intervals, the
E 407 activity of enzyme without pre-incubation was taken as
i:j 20 | 100%.

0 : : : : - ! 2.5 WEMRMERITREER D

4 5 6 7 8 9 10

AN 5 Al 27 1 T %o TS A A 5 T e A 245 2R DL
5 By pH A # 2, WERPATLIE 482 A7) EDTA X BT
Fig. 5 Effect of pH on enzyme stability in different pH WHEAWHE N, HHIZEAEESREE TN
buffers, acetic acid/sodium acetate buffer (pH 4.5-6.0, . s NUUN o . .

e), sodium phosphate buffer (pH 6.0-8.0, m) and Wl e B-Sk LR TS WN GRS, XTI

Tris-HCl buffer (pH 8.0-9.0, A). P YA B W5, —SL AR B T R S M

R2 TRENEYRAEEERI N
Table 2 Effect of different chemicals on PasCR activity

Chemical Concentration Relative activity (%)
Control 100.0+0.0
EDTA 1 mmol/L 108.0+9.8
SDS 0.5% (W/V) 0.0
B-Mercaptoethanol 0.7% (VIV) 91.8£1.3

2.5% (VIV) 98.7+2.6
Triton X-100 1% (VIV) 50.44+9.5
5% (VIV) 38.1+7.8
10% (V17V) 28.8+1.6
Tetrahydrofuran 1% (VIV) 103.4+2.7
5% (VIV) 118.7+6.3
10% (V1V) 121.6+2.0
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i HLE X—100 24781 19 W} PasCR s 228 T i
—2 1 SDS WK 0.5% i BRSSP
AR ] LU TR, PR ERT 10%
FRF il P 0 P ) BRI (Bl R (R o
2.6 XM _AFEEREIRRIIRIER

PasCR X} 37 F 3L EZRIE S RBE T
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R 2.7%10 ee fH, Bt X BUREE A7 BHL ) A5
AN H 455007 35, SRR AT SR i —

* 3 HBEXRE PasCR X ZHFERIRKEYHILR
Table 3 Reduction of diary ketones by carbonyl reductase PasCR
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BT S MR HU R H MG RT, 7=
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N 12-ZREE SRS, PRI 88% , ee
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FIRAE BRI I T BAF AR ee fH.
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RSO EE DR TEERE: GST15 Hse R 18T
(BRI S RE DY, g AR AT T h kAT ek
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MEBERE, P=HIE) ee (T IA 999, i 5 Ak B ik
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Pk b 32 0 IR AR ST AR B o Fl T X AR
1) 2 PR B AN X e S B AT SR R PR
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