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1.1.1 AF&H5HH BB RS 1 iR
(NAD ") BifR R %S % (Kana) W T LRI T 2
3 5 |90 B I R 25 S e e A T AR ) TR
R A BN FIHR AL ; Yeast Extract LA Tryptone T
¥ [E OXOID /A 7 ; PrimeSTAR DNA % 4 fiti . DNA
Ligation Kit RIS 1] 14 4% Fi2 N U B #N Primixed Protein
Marker ( Low ) 4 F H 4% TaKaRa 72\ F]; SPARKeasy
Mini Plasmid Ultra-Fast Kit T T 1 7= B B} £E 4 ¥+
RABR ] BRI SN, HoAth A2 i AR 35
AIMTEEGA], MR SR 3K

1.1.2 354644 O LB B (/L) FREL
FERESRIER) 5.0 o JHEEE I 10. 0 g SA4LHEH 10.0 g,
JAGE S B AEACK pH I ZE 7.0, FEIN AR 4K E 2
ERFUA 1.0 L,121 °CHHEKEH 30 min, @ LB
RIG RS (g/L) FF LB WIS 573 LI 400. 0 mL
TS 3255 2B 25800 500. 0 mL AOSETZR N, BEI Y
A 1.5% ~2.0% BBEH, 121 °C 55 H K 30 min,
() SOC #5773k . FREUBE R 1R 20. 0 g BERE 2L
5.0 g Hi%jHE3. 6 g HILENO0.5 g SIEEO0.95 g 5
1LA1 0. 186 g, A 800. 0 mL 7&K HE 2 58 40
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fif , FEIMAZRIBEK EZR R 1.0 L, 115 °C &5 EKH 30
1.1.3 @A EAE O Wik FHARREY
TRAFRYFIRTE F R IR A7 BL21 (DE3) /E b 7+
TREfE £, @ kL. pET-28a( + ) -ChKRED20 i A<
R AT

1.1.4 EZMEAEE DK-8D B HE R KK
iy (LIRS 2R & A RAF]) PCR 1Y ( Bio-
Rad) .PYX-DHS-BS- I 8% 3248 ( | ¥ BR F B 7 %
WA BRA T ) L VD-650 8 TAE & (& Ak Sl
HBRAHRD) BT RV ( LR ABRAR) .
ZWY-211B 2 B e i 48 R ( LR B YA TR A
A]) (H1-16K B0 ML (I AT A 8 A BR A | |
VC130 8 77 i 4 A 5 75 A (26 18 Sonics 23 ] ) |
GENE GENIUS B8 755 ( 32 [ Sungene 24H]) |
DYCZ-24DN HU3E 5 FL PR (Jb st — AWk A R
NE]) Multiskan Go 2 K FEFR Y ( € E Thermo 2y
Al ) MR H KA (A AN — R BRA A .
1.2 FHik

1.2.1 ChKRED20 #9& & R KMIEA I BL21
(DE3) Fll pET-28a( + ) FikAK R X} ChKRED20 #E17
Fik, DAE J5 2k A MR (A 4lifk, R Ch-
KRED20 7 3¢ [# [ 4 91 8 A A5 B H 0 ( National
Center for Biotechnology Information, NCBI) [ |5 5]
{5 8. (GenBank ;: KC342020. 1), 2B TAEY THE( B
) B4 A RS |) A e B e 3, o 0l i 422 31 LA
BamH [ ( F: 5-CGCGGATCCATGGGCATTCTG-
GATAATAAAGTGGC-3') 1 Hind M ( R: 5'-GC-
CAAGCTTTTACACCGCGGTATAGCCGCCATCC3') |
Neo | (F:5'-GTTTAACTTTAAGAAGGAGATATAC-
CATGGGCATTCTGGATAATAAAGTGGC-3") F1 Hind
Il ( R: 5-CCCAAGCTTCACCGCGGTATAGCCGC-
CATCCAC-3") LA & Neo 1 (F.5'-GTTTAACTTTA-
AGAAGGAGATATACCATGGGCATTCTGGATAATAA
AGTGGC-3") Fll Xho I (R:5'-CTCAGTGGTGGTGGT-
GGTGGTGCTCGAG-3") 1 Bl 1k B D) 37 s ) pET-
28a( + ) K b ARIGHEH N i Fl C 3 His-tag A
#5417 His-tag B2 19 K 3% %5 7 BL21 (DE3) H 41
I, His-tag M LR R EREHARLIWEN LW,
AR TSR DI R4S #4358

1.2.2 ChKRED20 #y & ik O #4215 bk 15
1k, 4 KRBT 5F 50.0 wg/mL Kana [ LB [#
g IR T 37 CRFAET IR ;Q 7
a2 0 LB AR Pk B V% 3

Fh#] &4 50. 0 wg/mL Kana (1) 10. 0 mL LB 15 % 3
WL 7E 37 °C 200 v/min BIFER PR 5E 12 b, O
TERBIE S A RR 1 2 100 [ ELFIFE 4% 100. 0 WL B
T4 50. 0 wg/mL Kana £ 10. 0 mL LB 5323t 37
C 200 r/min $%3% 55 3% £ H W AE 600 nm KT
TR EEE (optical density, OD){H ] 0.4 ~0.6;®3
IS L 7E OD g [HA T 0.4 ~0.6 AU H A
ZOREE R 0. 4 mmol/L (1) 57 A FEBTAR 2 FLBEH (iso-
propyl B-D-thiogalactoside, IPTG) 5 T8 1% ik, 25
°C 200 r/min 4kZE53% 7 h, WEREIKFT -20 C
#H

1.2.3 ChKRED20 % & #942 Bfe f ik T & 7
JIFSCAR T A T fin AR 5 A R B 2 0 A (50 mmol/L
pH 6. 8) , IR HEIR 5 5 M A %, 13 000 1/min 5.0 5
min J5 %R 10 WA S B0 BIVASOR R
K SDS-PAGE #fi 8 8 [ & ik i

1.2.4 ChKRED20 &&n 2 #id il 2 340 nm
Kb iR RV T (nicotinamide adenine dinucleotide,
NADH) /) OD {8 8 & ChKRED20 [ i & Pk, ffi
JH pH 6.8 1Y B4 B2 1 2% 1P W IC 5 10.0 mol/L [
NAD* B} &, F5- 7 B 2 & W 0.01 mol/L 1Y
NAD IS, AR Jg 300. 0 ol 4 it 375 P 30 5
AR IMARFLT RO 10% B 53R BEAE AR,
55 30 o 0 TR A, 30 R B 0 O (R B D A
OD o A0 7 PG A

1.2.5 ChKRED20 ( & His-tag) 48 % B4 5 bk T 49 M)
.

1.2.5.1 HFi&RE H%id & ChKRED20 7 pH 6. 8
(BT B0 52 P 5 PR LA 0 10% 1) ST 0. 01
mol/L i NAD * 4,30 .40 .50 .60 .65 .70 °C )1 E
TEE 5 min, W OD,,, PRGBS P, B 45 T0E
T T 5 R S M (E SO 100% ) #EAT LG
BRI EEE ME E  b A R ER

1.2.5.2 fgif pH  fic B AN pH 9 Britton-Rob-
inson Z& IR, PR E AR pH B9 55 TR EE NAD © TAE
W (pH }3.0 ~ 10.0) . #i& &1 ChKRED20 54
7] pH K - N FIR AW T 37 CHE 5 min,
£ 340 nm AL OD fE, KBTI pH F R ERE M S
T T PR (1R 5E N 100% ) HEAT He 8, 31540 H A
[ < o s A | S B

1.2.5.3 REREN $iS i ChKRED20 7£ 30,
40 .50 .60 .65 .70 C T /KB &, ¢ B ] HURE . HX
5 pH 6.8 WIS - fi K7 TAEWIE &>
300. 0 wL VAR 2,340 nm 403052 OD {i, PEAH
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T4 TG, B R 28 2AAb PR DR b O PR e
100% , 28 PAAE 38 10 780 2% 0 P 4 FRORED Tl 7% 1k A
Iy,

1.2.5.4 pHRUENE RIS AR P il e i B
RS A B X pH 520, 36 & H 45 5% Ch-
KRED20 7E A Ja] pH [ Britton-Robinson 2% i
37 CAKIRIEE , & I BURE ; 5k - K+ TAR IR
IRA G TE 340 nm A0 H: OD ., DATEAS 4 76 4%
TR BEAC 28 40 3% Tl 0 1 R U 100% , % LEAS
7] pH 4544k BRI 0 il 35 14, 353 380 4% 3% 2R 9 A X
LR

1.2.5.5 4 J®E 7% ChKRED20 ( & His-tag) B9 5%
M ERE TP IR B 1.0 mmol/L 1Y 462 J& &5
FRHEEAR (K Co’" Mn®" Mg [ Ca*" [ Cr'* |
A" EDTA) FI& W BEN 1% (V/V) 13 136 PEF
( Tween-80 . Triton X-100) , 30 °C .200 r/min YE7% 24
h 55 TAEWRE IR G, R AE 340 nm 2T &
OD fE -8 T AT G Ve, A 28 400 31 A TG0 1
SR 100% |, AN [R]85 7 Ak RS 1 76 4 i 5 14 19
AR A

1.2.5.6 AHLIRAFI X ChKRED20 ( JG His-tag ) F5%
M FERER P AR R 30% WA AL (FH
s CFE SR IR H IR R 2B A
e R IE b, IE b A ik, =& P Le) .
30 °C 200 v/min #5% 24 h 5 5 TAERE =R G, X
REVEAE 340 nm A0IE OD {f, 5 T A IS 1, ¥
AR ZAG BT Ak B i) i35 1 R 100% , 284S [F]
A WL A B 14 80 2% S 1 e R R X il T 4 0
R

1.2.6 ChKRED20( & His-tag) & 8 & 4kAL
1.2.6.1 AJREIREESX ChKRED20 ( G His-tag)
(IREM FERR 1SS ODg fHAT T 0.4 ~0. 6 MR
TIMAZLHE 0. 1 mmol/L ) PTG, 437 16 .20 .25 .
30.37 CF 200 v/min %537 12 h i S HWEH
FiK 7 600 nm AL E BV OD {H, Y B4 J5
AGEWRGH A B R, EAT SDS-PAGE 431 A1 I 1
W, ¥ e 75 SR T MO BETE 1 R 100% , H
AR TRE T WO TG P e HEAE X 15 1 LT T
1.2.6.2 KA IPTG ¥ FE X ChKRED20 ( J¢ His-
tag) BN B E SRR EE IPTG (AR E R 0.1,
0.2.0.3.0.4.0.5.0.6.0.7.0.8 mmol/L) ., ¥ZH%
TEHI T I 0Dy, 9 0.4 ~ 0.6 B, A 7] 96 B 1Y
IPTG F 25 °C 200 r/min JR% 555 12 h i HIE
FRIE . W 4. 0 mL BRI GE vhig R P i | ik

1T SDS-PAGE 437 Rl il 7% M0 7 |, ¥ e D05 5 7 e
JE R BRI P E SR 1009 , HiAy 437 S 770 i 16 1
iz BEORE X T TG B A T

1.2.6.3 A[EIVESHE X ChKRED20 ( & His-tag)
M52 RS LSS I T ODgyy M 0.4 ~0. 6 I,
AL H 0. 4 mmol/L 1Y IPTG, T 25 °C 200 1/
min YR FEFRA A B E] (1.2.5.7 .10 12,16 .20 24
h) 7 B 5 Y BURE I 2 TRV AE 600 nm &b
(%) OD {H, Wit 5 B 748 75 B 6 )5 2517 SDS-PAGE 4
Br KBS PN K B D375 5 B 1) T T P e SRy
100% , FAA175 T iF ) 0 1 42 HECRE X il v
HItaR,

2 FR

2.1 BELEBERMNTE REREEE HA
PTG AL 32 35 )5 159 2 A0 B 2 11, SDS-PAGE 43 #7 7R
(1), #47 N i C ¥ His-tag J2 JG His-tag B9 H 1)
T AT TR 43 R 32,78 .29.59 28. 82 ku,
SR AR/N—2, UKiE 3.5.7 BT His-tag
7 C In His-tag #8577 N 3 His-tag ) ChKRED20
Y, FKIE 3 HLIkIE 5.7 A, R H A E A
R A g TKGE 4.6 .8 439 o LA B A AT
BB B, AR R AL, TKiE 4
o, H AR RO A S HEVKGE 6 .8 R ARHFHL, X
VLI 2535 His-tag v LB 42 80 H A9 8 A Tk,

ka M 1 2 3 4 5 6 7 8
97.2

66.4

443

29.0

1 FE#RZHEHER ChKRED20 £ SDS-PAGE 5347
Fig.1 SDS-PAGE of carbonyl reductase ChKRED20
with different tags

Arrow: ChKRED20; M: Protein molecular weight marker; Lanes 1,
3,5, 7: Whole-cell lysates of E. coli corresponding to Control pET-28a
( +) empty vector, Non-His-tagged ChKRED20, ChKRED20 with a C-
terminal His-tag, ChKRED20 with an N-terminal His-tag; Lanes 2, 4,
6, 8: Supernatant fractions ( post-lysis and centrifugation) corresponding
to Control pET-28a( + ) empty vector, Non-His-tagged ChKRED20, Ch-
KRED20 with a C-terminal His-tag, ChKRED20 with an N-terminal His-
tag.
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W 8PS W A RS SN BE ONAD T T AR
TRA R, I8 5E 0D, A S R BEHE P, 45 5
#1 i, LG His-tag B9 ChKRED20 fif % ¥ A
100% , AR T HEAE N S A C S bn 25 A il 1L IS 40
SRR T 0.77 A 1. 28 fi5, ZF I, Bk His-tag 7]
PR ILFGR AT . RBRPRAS S FRIE KT FI
TEPEDNE 45 A Pk I A Bk IR R A R,
VLIIAR 2 BRI PR AR ChKRED20 MfEFLDIRE .

®1 HEIXEEE ChKRED20 KEEENE
Tab.1 Enzymatic activity of carbonyl reductase ChKRED20

Relative enzyme

Enzyme Structural characteristics

activity (% )
ChKRED20 fused with N-terminal His-tags 56.3£1.03
ChKRED20 fused with C-terminal His-tags 43.7 +£0.03
ChKRED20 without His-tag 100.0 £0.92

2.2 ChKRED20( JC His-tag) B & B2 & 1L
2.2.1 FRRE#FRES ChKRED20 ( £ His-tag) #)
% 0.1 mmol/L IPTG .16 ~37 °C T L) 200 r/min
WK 12 h J5 3470052, SDS-PAGE 45 R 4] 2
JiR 16 ~25 °Cifs 5 I il B2 T e, B AR 1 R A i
B, 25 CLL LIREH RN EARBSERE
FERKF, it 25 C 5% )5, SDS-PAGE iR &
FeIR MG I (HARX B VAT R AR TE 80% LU |, 5
T 3A P PRI 45 R — 2, Wl A K = A & 3B BT
N, BE IR R 25 CHE 5 S B i
Fif AR 1 R IA AL .

M 1 2 3 456 7 89 101112

ku

97.2
66.4

443

29.0

B2 AEEEXEHEZEARENINE
Fig.2 The effects of different temperatures on the
expression of the target protein
Arrow: ChKRED20 bands under different temperature induction
conditions; M:Protein molecular weight marker; Lane 1: Whole-cell ly-
sate of control pET-28a( + ) empty vector; Lane 2 Supernatant of con-
trol pET-28a( + ) empty vector; Lanes 3, 5, 7, 9, 11: Whole-cell ly-
sates of ChKRED20 induced at 16, 20, 25, 30, 37 C; Lanes 4, 6, 8,
10, 12 Supernatants corresponding to lanes 3, 5, 7, 9, and 11 after

cell lysis and centrifugation.

2.2.2 ARF IPTG & JE# F*F ChKRED20 ( & His-
tag) 9% R FIBINAREMREE IPTG,25 °C 200 v/
min 3557 12 h J5 SR B IKEE 4 Fis, 78 PTG
Wl R 0.1 ~0. 4 mmol/L I, 55 112635 2 i 5 577
WeREE G =, S S A TS R 2, Y
IPTG ¥ FE#8 0. 4 mmol/L I, ChKRED20 [iff i 14
F%, 138 ChKRED20 e fl PTG # &4 0. 4 mmol/L,

A 1201

100 //;\,_\'

80

Relative activity (%)

60

40 1 1 1 1 1
15 20 25 30 35 40

Temperature (C)

09F

OD@(JO

0.8F

0.7 1 1 1 1 ]
15 20 25 30 35 40

Temperature ('C)

B3 TEREXEEE(A) MEEZE(B) KRG
Fig.3 The effects of different temperatures on enzyme activity (A)

and cell density (B)

2.2.3 i FREAF 2 ChKRED20 ( £ His-tag) #9
#of EFEEIG OD 0.4 ~0.6 BB NIA 0. 4
mmol/L IPTG F 25 °C 200 r/min %% 1% F& A [6] B}
8], 25O AR J5 B 75 R, SDS-PAGE 3BT B /s il 2
HERIA R S HE OD (HIE 45 RAHFF (K 6) o W
OB 5 BURE S 600 nm I AL 2 B OD {A, 45
RANE TA Fros, BE 5 5 I R 3G, TR 2 i
%, WK 7B FR, EE A 1 ~7 h B A i
T 5175 I TR A B L s 7E 15 R BFE] 7 ~ 16 h
DX [E) PN, PR T PR AT IS %, (LGS JS AT T Ay
80% LA b, RWIZ MR L5 B2 7 h £ 7 ~ 16 h
()37 BsF 1] oA RIS PEATS

2.3 ChKRED20 ( Ft His-tag) BIEEZ 14 R R 1E
W 8A fif 7% , JC His-tag ) ChKRED20 f5 38 i &l
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M 1 2 3 4 5 6 7 8 9 10 11 12 13 14
ku

97.2
66.4

443

29.0

M 15 16 17 18 19 20
ku

97.2

66.4

443

29.0

B4 AEFSHREXNEHHEBRENZM
Fig.4 The effects of different IPTG concentrations on the expression of the target protein

Arrow; ChKRED20 bands under different concentration of IPTG induction conditions; M Protein molecular weight marker; Lane 1, 15; Whole-cell

lysate of control pET-28a( + ) empty vector; Lane 2, 16; Supernatant of control pET-28a( + ) empty vector; Lanes 3, 5, 7, 9, 11, 13, 17, 19;
Whole-cell lysates of ChHKRED20 induced with 0.1, 0.2, 0.3, 0.4,0.5, 0.6, 0.7, 0.8 mmol/L IPTG; Lanes4, 6, 8, 10, 12, 14, 18, 20 Super-
natants of ChKRED20 induced with 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0. 8 mmol/L IPTG.

120

—

(=3

(=]
T

Relative activity (%)

60

40 1 1 1 1
0 0.2 0.4 0.6 0.8

IPTG concentration (mmol/L)

5 AREKREFSHIEST ChKRED20( T His-tag) BG4
Fig.5 The effects of induction with different concentrations of

IPTG on the enzyme activity of ChKRED20 ( without His-tag)

M I 23 4 5 6 7 8 9 10111213 14
ku

97.2
66.4

443

29.0

E 6 AEIFSHEXHNEBRIENHNG
Fig.6 The effects of different induction durations on the
expression of the target protein
Arrow: ChKRED20 bands after different time induction conditions ;
M: Protein molecular weight marker; Lanes 1, 3, 5, 7, 9, 11,13;
Whole-cell lysates of ChKRED20 induced after 1,2,5,7,9,12,16 hours;
Lanes 2,4,6, 8, 10, 12,14 Supernatants corresponding to lanes 1, 3,

5,7,9, 11,13 after cell lysis and centrifugation.

Aoor
1.8F
1.6}

14

OD()OO

1.2F

101

08 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 16

Time (h)

100
80

60

Relative activity (%)

1 1 1 1 1 1 1 1
400 2 4 6 8 10 12 14 16

Time (h)

7 AEFSHEXNEEEE(A) MEEEYE(B) MR
Fig.7 The effects of different induction durations on cell

density (A) and enzyme activity (B)

55 °C, ABHTE 30 ~70 °C (AL Vi ] N AR 16 PR 4
e, B 70% |, Uk B I 7 I BE X R) 225 AL A
TR BE & W P, il 8B BT 7R, J& His-tag 1) Ch-
KRED20 #i& pH 4 8.0, 7F pH 7.0 ~ 8.5 Y7L [H
P, A X BTG PETES 0% LA | 3 B I i 55 B 1k 2
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A 20

—_

(=3

(=}
T

80|

Relative activity (%)

40 1 1 1 1 1 ]
30 40 50 60 70 80
B Temperature ('C)
120 -

100 |

80

Relative activity (%)

60

40 1 1 1 1 1 1 ]
4 5 6 7 8 9 10 11

E 8 iR (A)F pH(B)3t ChKRED20 (  His-tag) i& £/ 220
Fig.8 The effects of temperature (A) and pH (B) on the
activity of ChKRED20 ( without His-tag)

PRt AT A AP IE N, B AR P
e 2SR E 9A FiR, ZML S IRE AL 12 h
Je , BIRFEAT 75% LA b 0 M U BH X AR 5 s TR
FETAA B M, ChKRED20 78 AR pH
(5.5 ~10.0) T A4 70 4 il 1 PR 22 45 R an &l 9B i
No Y pH N 8.5 B, BEE 12 h JEEEE AT TE 80%
PLE LY pH £ 9.0 ~ 10.0 JE A, 12 h J5 4% &4
70% VA L (R F0 A 6 o 156 I 32 I T Lt o A
IREE Y pH B4k, & — i el e B D
2.3.1 4% % F2F ChKRED20( & His-tag) %) %

Tit 1 7% 1 RS PR R AR S g P 2352 B 4 s 5 1
(ISR 1V 22 e 8 4 8 B0 1A i Bl X 7R 4 f
HCE VRS E R, U0 PT RE F T4 a2 X i Y 3 PR
Pl B — BB S R AR R I BB TR A, %2 1SS
RN, 284 BB 74 ChKRED20 43 Hi A [a] 72
FERI O R, Mg®*  Ca®"  Mn®" [ Co®" LAY LU K
EDTA [ AH X il 1% £ 43 3l & 105.09% ,110. 02% |
109. 78% .102. 52% .109. 53% F1 102. 05% ; i Tween-
80 F1 Triton X-100 X g i 1 A — a2 A 41 1 28021, AH
Yo} BTG 53 3 A 59. 53% F1 84. 67%

120
S 100 - 30°C
=y -= 40 C
2 50 C
g 80r > 60°C
2 - 65TC
= 6 70 C
g L
40 1 1 1 1 1 ]
0 2 4 6 g 10 12
Time (h)
B 120 pH
- 55
—_ 6.0
< 100 - - 6.5
2 7.0
= -~ 175
g 80F - 8.0
2 8.5
g « 9.0
gz 60 | =95
- 10.0
40 1 1 1 1 1 1
0 2 4 6 g8 10 12

Time (h)

B9 ;EE(A)7 pH(B)*t ChKRED20( % His-tag) T8 I HI 8500
Fig.9 The effects of temperature (A) and pH (B) on the
stability of ChKRED20 ( without His-tag)

x2 &RBETENERAEEHZM

Tab.2 The effects of metal ions on the activity of the target protein

Metal ions Relative enzyme activity (% )
Primitive enzyme ( None) 100.00 0.6
Mg?* 105.09 +0.30
Ca?* 110.02 £1.30
K* 61.83+1.70
Mn?* 109.78 +1.50
Co** 102.52 +0.80
AR~ 109.53 +0.90
EDTA 102.05 £0.90
Cr't 91.64 £0.06
Tween-80 59.53 +1.00
Triton X-100 84.67 £0.70

2.3.2 AMZEA A ChKRED20( £ His-tag) 49 %
Tit 114 S5 I 3R 2R 25 A7 B HLIA A RZ I, gk 3
7N, ZHCEHLRFIXT ChKRED20 A4 A [7] 742 BE (1417 741
YEFE TN \DMSO |, 4 ot B 2R | IF B | A Ji i
DL e = G Jt ) A XF il 35 M 4 il R 46.59% |
65.49% .86.42% .89.58% .91.41% .89.31% L) K
87.87% , Ut W% 32 B A WL T AR RE M R

3 itig

B Ko 6 J5 il ChKRED20 75 22 40 48, & 4% 56 e
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Tab.3 The effects of organic solvents on the activity

of the target protein

Organic solvents Relative enzyme activity (% )

Primitive enzyme ( None) 100. 00 +0. 60
Methanol 101.12 £1.70
Ethanol 101.84 +1.00
Isopropyl alcohol 102.06 £0.90
Acetone 46.59 +£0.20
DMSO 65.49 +1.90
Ethyl acetate 102.78 +1.50
Dichloromethane 86.42 £0.80
Toluene 89.58 £2.80
N-hexane 98.17 £1.20
N-heptane 91.41 £1.30
Petroleum ether 89.31£1.10
Chloroform 87.87 £1.70

FH, Bl 3 il #% 22 i s 24 b ] AR R0 A T, SDS-
PAGE /347 i 75 , CAKRED20 75 K i ¥ 5 18 b % 3k
B, BB RS I BT 2, Pz B e R
WA IR I LTy P g 25 . DR g 41 24K
¥z E N 570 7R EUR (pKIET \pGro7 \pTf16 . pG-
KJE8 \pG-Tf2) 3Rk | Bl AR & e 45 (K IR B2
6] % SR ) AR B A kY Rk
R G RIATA

TR B 2lifb i 72, His-tag PR 5 (1) 5 Al
alidb bz A (H His-tag AOFF7E 0T g
SR B E A AT Zha et al ) BFE &,
Aeropyrum pernix Kl I R W 12 AL i (UP) 1
His-tag 1E WAl G hr% 28 E AR, SEBOZE A IE R
AN B AR X R His-tag BIAFERI T M
RIS ST AR DG SE S, ¥R 9T 22BR His-tag XT
ChKRED20 2 A ¥ M 1Y 3% Wi . 38 5 SDS-PAGE 43
Br, 28R His-tag 5 HAT P R IA U 0 & TR
BRI, AET TS P 25 R R R N g C
Uiy His-tag AW I 1A R 25 BR 19 56. 3% F1 43.7%
R LRz SstmEn T iEtE, XTaeEm T
2B His-tag Ji, 8 5T A% 2% 18I L far o0 A & 2B U
55 H A A3 (B AR B A D820, DT i e AR S
HZERS 0 HeAb, His-tag 107 & 5 i 1) 925 A
PERTNREYEA K2 {E¥ His-tag BT N BRI C
Uity i, LA O A AT v A A RS

Al KBS W] LIS = H bR = 0 i 7= 4 Wl 2
KIBEA = 2, A IS 10 & I 45 14 RE % 1 2
BE# TS R Y R . &R BEARRAL S
RIL, 2B His-tag (18 FIAEAL 5 9 BE S L & T 451
25 °C IPTG & ¥ 0.4 mmol/L 200 r/min #i&

P, JC His-tag ) ChKRED20 1 553 S 17 I M 55
°C,fxiti W pH 4 8. 0, ¥l & T pH 9.0 ~10. 0 34
Bimt 12 h JEAA 70% VI RFR ARG . BRI
PR 25 T TG P B e R 5 -, T A Y 7
BRMEIREE P pH Ak XA AN TR AL B 12
h & B0REE 75% VI TE Y UGB LA 541
IFaENE, TN 2804 8 B XA S R R R
TWEVER , THZEG 32 2 A HLE R AR i K, 5
HEHY His-tag B9 %P4 ChKRED20™ A [, £ His-
tag ) ChKRED20 [ feidi i EEHE = 17 5 C , e Pk
1 pH FasE Ve S5 HEHS His-tag FOTEAH LA AR

A Ja WBIEGE W] DAk — 24 KR R AR R | 3
PAR R R FA E PE , 529 ChKRED20 7 12 24 v ] {4
KT SEBR R . BeAb, 38 75 1 e KRR Y A4
FERIN RS R HAE Tl A = vp gy T A7 Al
Tritk, Z5 LR iz W50 A BRI A IR il Ch-
KRED20 /) His-tag, 2 7F AT, I, A4k T 2Bk
His-tag J&i B (185 (i A0 238 25 0, I 06 L il
HEAT T 4307, At sl iz il o 1 Ml A 2= 24 4 25
FE T —E WA
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Enhancing solubility expression of carbonyl reductase ChKRED2(

and characterization of its enzymatic properties

Shen Yue,Zheng Hong,Fan Xinjiong
(Stem Cell and Tissue Research Center,School of Basic Medicine ,Anhui Medical University ,Hefei 230032)
Abstract Objective To enhance the solubility expression of carbonyl reductase ChKRED20 and investigate its
The ChKRED20 gene was synthesized and transformed into Escherichia coli BL21

(DE3) for heterologous expression. The solubility of the protein was evaluated by adding or removing His-tag,

enzymatic properties. Methods

changing its position, and adjusting the induction conditions. Further optimization was performed by varying the in-
duction time, temperature and IPTG concentration. Subsequently, the enzymatic properties of the recombinant en-
The ChKRED20 was cloned within the Escherichia coli system to achieve soluble

protein expression. This was achieved by removing the His-tag and optimizing expression conditions. Compared to

zyme were examined. Results

enzymes with the N-terminal and C-terminal His-tags, the enzyme activity of ChKRED20 without His-tag increased
by 0.77 and 1. 28 times, respectively. The optimal temperature and pH for enzyme activity were 55 °C and 8.0,
respectively. Furthermore, the enzyme demonstrated good adaptability in higher temperature and alkaline environ-
ments. Conclusion The removal of the His-tag and the optimization of expression conditions can significantly im-
prove the soluble expression of ChRKRED20 in Escherichia coli.
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