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(prochiral ketone, PK)&- % R-TVP. ZB6gbiE# 36.64 Umg, FHF4E eefdHh 99%. #E5
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A novel carbonyl reductase for the synthesis of (R)-tolvaptan

LIU Yahui', WANG Xuming', MA Shuo', LIU Keyu', LI Wei', ZHANG Lulu?, DU Jie'"",
ZHANG Honglei'

1 Key Laboratory of Medicinal Chemistry and Molecular Diagnosis of the Ministry of Education, College of
Chemistry and Materials Sciences, Hebei University, Baoding 071002, Hebei, China
2 Hebei MuQun Biotechnology Co., Ltd., Baoding 071001, Hebei, China

Abstract: Screening carbonyl reductases with the ability to catalyze the reduction of complex
carbonyl compounds is of great significance for the biosynthesis of R-tolvaptan(R-TVP). In this
study, the target carbonyl reductase in the crude enzyme extract of rabbit liver was separated,
purified, and identified by ammonium sulfate precipitation, gel-filtration chromatography, ion
exchange chromatography, affinity chromatography, and protein mass spectrometry. With the
rabbit liver genome as the template, the gene encoding the carbonyl reductase rlsr5 was
amplified by PCR and the recombinant strain was successfully constructed. After RLSRS5 was
purified by affinity chromatography, its enzymatic properties were characterized. The results
indicated that the gene sequence of rlsr5 was 972 bp, encoding a protein with a molecular
weight of 40 kDa. RLSR5 was a dimeric protein, and each monomer was composed of a
(a/B)s-barrel structure. RLSRS5 could asymmetrically reduce 7-chloro-1-[2-methyl-4-[(2-
methylbenzoyl)amino]benzoyl]-5-0x0-2,3,4,5-tetrahydro-1H-1-benzazepine (prochiral ketone,
PK) to synthesize R-TVP. The specific activity of the enzyme was 36.64 U/mg, and the optical
purity of the product was 99%. This enzyme showcased the optimal performance at pH 6.0 and
30 °C. It was independent of metal ions, with the activity enhanced by Mn”". This study lays a
foundation for the biosynthesis of tolvaptan of optical grade.

Keywords: rabbit liver; protein purification; carbonyl reductase; asymmetric reduction; tolvaptan
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H TR 7-G80-1-[2- F KR -4-[(2- T 2528 HT e AL )
IR H e 3 ]-5- 4010 -2,3,4,5- DU & - 1TH-1- 84
# (prochiral ketone, PK)& il SH TVP, 274l
JEN 99.5%, WEN 85.7%), SR, HEIM A
WX RAY TVP 47 AR WA U BFSE, 8
R L G Dy A T A A
TR G E % . A A B RS
Bl Uk, Gk R SRR ARCE . Y
A Al R S 1 AR W T AL S i R B TVP
HA SR E AR L,

KRB B TEN S IR i A G R
T TVP (IR JEEEZE . B 585 3 LU T S |
IR SR JHE R S 3 R 1l VA KR Ji P A
B RE TVP WIRE T 5 eI 1tk A o o JHF U s b
BE, LR R FIGRRR B AT . RN ST HERH
DEAE & 122 #t#: . SDS-PAGE %5 )5 % i i o
AT )RR A S R A T 43 B Al s TR H bRk
FEIA i R R B A A Bl pET28a iR F i b R
WA, R AT B SR D T AR R R 2 71
F R Z e B R A T A DA SR
FAE, 43 BRSO B . SO pH.
SR BT ISR E TR pH R e M5y TH V%
FER IR B AL SN e A T T IRE, PR E
MBI RN A5 . ASBIESE S RAD TVP APttt
A IR AR T PR T A ILAE

1 M5 F=*
1.1 ##

K W ¥F 14 (Escherichia coli) BL21(DE3)
pET28a JiukL 7 S 06 % PR A 5 A S0 25 MR 4
Matsubara 2PV 5 3k A B T A FHER PK;
NADH F1 NADPH Il B Bl T A AR
R A BR 2wl s BRI VIR A H EA )
FARACTARAF; XA IR E KA
AT B A Y5 DNA BER P 41k i

&: 010-64807509

MG, S s G A At 2 a4 Y
RIBEBABRAF 3 RNA 2Bt H &l [ 4 T
AP TR ARAR; BCA HEAER
AW A L Z R R AR A . BT AT
T FALE S B A
1.2 7%
1.2.1  AEIENIATBEFEER R A S FRiEL &
X R-TVP B3N

W B B 0 XS T L R RN G T A TS 1
0.1 mol/L PBS & (pH 7.4, HFHES,
S5 5] ML (75 mg/mL). 43 BXF A6 sh )
JHF I P REL T A4 A5 AL T -1 B PKC R RE D ik
i, B RN A ZR (500 uL) 0.1 mmol/L
BEmR B 22 s (pH 7.4). 1.11 mmol/L PK .
13 mmol/L NADPH F1 80 pL FEH AR .
NAR B FHEEPERS 37 °C. 130 r/min I35
12h, S 5EEE S, 12 000 r/min B5.0> 15 min,
B 100 pL R3O T 900 uL FEEH,
OB 3% (HPLO)BEA T 20 H7
1.2.2 &BFiE+ BirnET R TS

B 75 mg/mL SR HFEEAHZS M 1.5 mL, A
PBS ZZ R M B2 6 mL, JH 50%M% R &% A7 4k
Mrab P, W UiEy E T PBS bt . 1HE
Wi %l AKTA Pure F1 His Trap™ DEAE 43 ik
74ifk, LIFi#E 1 mL/min #5374 . 280 nm
TR A5 TR K AR R AR L, AR R
AP IR fe KB ) 2R T B W . SR )5 - His
Trap Sephadex 6B 43FHEBHZ M BT ik
AW T4, LL 0.5 mL/min JiE R,
15 min WA —RBEMM, JFTE 280 nm ££4b
WA AR G R, WA SR AR A e T
PR b AR ISR 04 B 1 B I A 1 A R
¥4 50 kDa i B T, T R
REAITE . 4 °C, 12 000 r/min B.0> 30 min
&, ¥ )RR AR, FIH SDS-PAGE
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X A B L T M . BEHC PAGE figHa]
FIE A F 0 D i 1 25 EA T U, I U0 %
A ERLRCAE TR B T, BRI KR A i
3 A R W B 1 BT A T B A I R 0T
123 RFFHREEREEER = E RIS M IFiE
Ul A AR ST S e, 37 BR A 10 mL
RNAwait . B AFIEYIAL 0.5 em® B/, A
2 DEPC /KAbPEE 9 OFER T, In AR &G2EA 5 A
B, BUL R R RNA 2055 i 5] &
RNA. DIFEHUR RNA FE R, fi S sk
KA A S 1 4 cDNA, UL cDNA it
KA1 P51 YPEfF PCR ¥4, PCR P2 F
1% REHEE IS L UK A TR, FH DNA s e
Jie 1 BC3K ) 6 %o H Uk A5 2 B B A Ak R AT 4l
b glifb = 13k URIN A K DR e A A FR 2 w1
R 1D R o o R I Al =" 3 A = N
pET28a () EcoR I/Xhol VI S 4b, FF¥ B4l
kL4 % E. coli BL21(DE3).
FHRFMIER E 5 50 mg/L FIRE XA LB
Begedl ) 37 °C 150 r/min 535 % ODgoo 4 0.6—0.8
i, A IPTG ZZHKEH 0.5 mmol/L, 16 °CF
URZEREFR 20 h JEELOMUZERR, BUl 2 g 1B
&, BA 8 mL PBS Z¢ vl SRk, MAJK
) PK (1.12 mmol/L)Fl4ifi NADPH (13 mmol/L).
130 t/min, 37 °CJ )i 22 h J&, #47 HPLC 447,

*®1 AMRFFASIY

Table 1 Primers used in this study

Primer name  Primer sequence (5'—3")

RLSR1F ATGGATCTCAAACATCACTATCTGG
RLSR1 R TTAATATTCATCAGAAAATGGATGG
RLSR2 F ATGGATCCCAAGCATCAGCGTATGG
RLSR2 R TCAATATTCATCAGAAAATGGGTAA
RLSR3 F ATGGATCCTAAACATCAGCGAGCGG
RLSR3 R TCAATATTCATCAGAAAATGGGTAA
RLSR4 F ATGGCAGACTTACCTACCCCACTCA
RLSR4 R ATGGCGGCGGCGGCGGCTTCGGGCG
RLSRS F ATGGATCCCAAATATCAGCGTGTGG
RLSRS5 R TTAATATTCATCAGAAAATGGGTAA

http://journals.im.ac.cn/cjben

1.24 BEELREERNSYIKRENE

e LB Bigedbh g HA bt s A
E. coli BL21(DE3)/pET28a-rIsr5, 1% 37 )7 v [l
123, WH&EFER . Rika, w8
&, 13 000 r/min &5.0> 15 min, YC£E b5 HLEE
. X AKTA Pure fEH4ifk 245 His
Trap'™ HP A UE T 8 41 5 2R 1y gl fe,
Y6/ HEPES Z& b V- R4, FHRARE
&, BERAVIERFRES 022 um JE B UE
Ja EAE, DA 1 mL/min S8 o fide s, B R
UOEATIE N A BEE Buffer (HEPES. NaCl, Bk
MK OB 8 TN SR RAE B VR, 3 v A
SDS-PAGE 7 Hr24lifb s il o

ffiH BCA EME4ifbfs & rIwE. &
Jo, TEWEEMERIEK 0, 25, 75, 125,
250, 500, 750, 1000 pg/mL % BSA brifiE
M, 2855 BCA T/ERE G, WMEETRER
ANF S A S, TR 2R 5 1Y Aser
i VIEEEWRE WH AR, Aser T NIRRT,
xR AE M 4R o Slifb iy B R AR 4G 2k
HREITE
1.2.5 #HETRERIERIENE

1 1 %2 340 nm 4k NADH/NADPH 5 %
F1RY B JIT0 SH 0 R 0 o it P i U R v T
JNA 0.1 mol/L PBS 2% i (pH 7.4) 100 uL
89 umol/L ] PK, 479 umol/L ) NAD(P)H, 5
IMAGE R EA T, SOVARRZARFR 250 uL.
VAR ZRAE 30 °CHF T 5 min 7, 7 B FEFR Y
0 340 nm AEWOGAERYASE . [ BAR FRTE 30 °C
$EE 5 min 5, 7B FHEEPR AN 340 nm 4k
W AR AR A, o JR 0 D ol 2 A S H
1E 30 °C N 4F min B 1 pumol NAD(P)H FiF 11
M. FrACRmER 3K,

e B I T i 1) B ARSI A, LA PK Dy
¥, 43910 NADH 1 NADPH k&l il 1E4 7 il
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e MAKZRQ250 pL)fu$h: 89 pumol/L PK,
0.1 mol/L Tris-HC1 185 pL , 239 pmol/L
NADPH/NADH, 37 °Ci§& 1 min, SRJGMMA
i AR, S RO AR 340 nm Ak
WG AR, MK 10 min, 45 min I 1 7K.

XoF Gl Ak A B L A S il A TR AR SO pH Y
Mg, FTAZMIERCA 0.1 mol/L ZR-Z. RN
ZE W (pH 3.0-5.0), 0.1 mol/L Bl & — -
WEiR — SN2 A (pH 6.0-7.0), 0.1 mol/L
Tris-HCI 25 AW pH 8.0, TEFRAEBEITG S T
KR, BE 20-60 °C (RIREE X [ #E1 7
I 72 e RO IREE . RLSRS Ao AH XI5 1k 78 e 1
pH AL R X35 L 100%.

JTORFE pH e, BETE FIRZR v
25 °CWFH 12 h, FFAERRAEN & S8 T I 5%
e, 7 HEPES ZZ 0P (30 mmol/L, pH 7.0)
H, 2060 °C % H 10 min S35 5% i 1Y iR Fa
FENE, IFAE AR S S W AR &R R A ik R
T

BRI ZE 0.1 mol/L PBS 2% ik (pH
7.4)%, Bl &4 2 mmol/L EDTA., Ca®’,
Zn®" . Mn*", Na". K'Fl Mg iyt 2% vh %
o TN E AN ) 4 8 i 1 TS PR, K
54 R T1E 30 °)CFIEE 10 min,
AR ETE

T IE PKCRIRWIINEE ) 125w 8,
JEVIHE BN 1, 5. 10, 50, 100 FI
200 pmol/L, FEHIA 0.1 mol/L PBS & ' (pH
7.4).479 umol/L Y NAD(P)H F13d f&: i) 46 i ik ,
RNARZ A 250 pLo W5 FFid 52 1 min J5
I SEAE, DL EEIEER 3 WHCEE. FIH
TR (D)X E EAE TS, BAT(Q)
T kea fH

V8]
VK, 418 )

&: 010-64807509

Vmax

K., =TES (2)
1.2.6 HPLC S5 E

K] Agilent 1260 HPLC, ffiJf] Agilent
Extent C18 ZrMrk, KuillJiCHy A4 i & 1 Ar
b, WA 60%LEF 40%(1) 0.05% — L
MROK W, WFEIN 30 min, P | mL/min,
UV KKk 254 nm, #EE 30 °C; f HF:
#: CHIRALPAK OD-RH (4.6 mmx250 mm, 5 pum)
HEAT PR RLA A 0, TBIAESN 40% 0.05%
I LTRIKIE A 60%H) 0.05% = R LR 2N
W, BHESH 20 min, UV &K~ 254 nm,
PERERR S pL, W 1 mL/min, ¥R 30 °C.
1.2.7 %REXLEEERECVIES R

T Ao T e B A0 i g 4 1A () D AR
TR R A ML . B F i 41 R £ -E29-
W B (PDB ID: 1q5m. 1) f iR 45 #y, i
SWISS-MODEL (http://swissmodel.expasyorg//
SWISS-MODEL.html)4: i, RLSRS [ 5 g4

B IR PyMOL #E47 rT AL a5, LA
RLSRS5 [ NZM, &Y PK AE B, FIH]
AutoDock 4.0 X HiE47 4> F XL, X &
TB% CHR[13 1 T E -

2 HERE4M

21 A EEYIRT B AE B i XS IR IR 1R
18 5 F M B A &% 1L

JERER AR 2 . P2, BhA %
FloK A . TSR AA S Y, S TR A
AHALFEAE T FPER PK B IL A R
DA FFEFE | % JEF O 0 S JHF B A Sk Y0281 7 6 114 i
Yo BE, A 3 RIS PK T
TAHEARINR, DU o H A AR T P Y T Sk
I, HPLC 73Afrai RN, HAA R
HITE MRS, 7E 5.235 min B HY B8 SRR I 4
E T, BN T78%. MIXSHEAE . H AT
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IES 5 AL R %A R-TVP A, GEBH
HATETE A AL PR OIEPEAOBE . DR I 2R B
JERE BT XS 52, X PKAS AR I il 28 i
e
2.2 BirmELREBMSBELER
J T A LA A M R A SR, S
J& K Fm R % 6 r . DEAE BH B 725 #e75  His
Trap Sephadex 6B 43T HEFH (1% 24T . HUEE
SI BTS00 BARSRIEA SR A el
S Ak FT S B 53 3 T T SDS-PAGE 43 # )
HPLC &G Hr. B 1A FIE 1B Hral
E eS| BT 1 = I O Ml = - i £
14.4-97.4 kDa [N, 4ifb)a, 2B T K4
S PR RME T, FARA TGN
i FEAMELE 23-53 kDa U FI N (Z0 @7 HEFR
10) o HFLLHE N W B 11 4507 04T U0 R IF kA7 5
TR o O S5 T AG I HE 1) 2 R Y 41 #E NCBI
B VB e AT T 41 [R] I X (BLAST) . R
P& 85 H 44 FR (protein name) ., FhZSHiliiR (description)
FIEE 14 1t (mass) % LU XS 25 SR 170 e, 3k
e 7 ol DG PR A B SRR dngk 2
fiw, MRS 7 FEA S B8 TRk

®2 TREHA 7 MBRETREER

(o] O T ST . SR e A R A O
)5 SDR 0%, & T AHE 5650 55%-86%,

A FHEM 26.175-54.933 kDa A%, FIRE R
T2 SN I SE BRI A R ) e PR T S

A BkDa ) M 2

90.0
72.0

53.0
42.0

30.0

23.0

14.0

1 RFREAEABRELIHAEB®ERLN
SDS-PAGE 734t ¥kili M: [ marker; kil
1 RAGEH) AT JKiE 2. 2E40 )5 A5
JHFHFEREL AR

Figure 1 SDS-PAGE analysis of rabbit liver crude
enzyme fluid before (A) and after (B) purification.
Lane M: Protein marker; Lane 1: Unpurified rabbit
liver crude enzyme liquid; Lane 2: Purified rabbit
liver crude enzyme liquid.

Table 2 Seven kinds of carbonyl reductases information were selected

Protein Description Mass Coverage

name (Da) (%)

AKRIC33 Naloxone reductase 2 OS=Oryctolagus cuniculus 0X=9986 GN=AKR1C33 PE=2 SV=1 37451 69

AKR1C29 3-hydroxyhexobarbital dehydrogenase OS=Oryctolagus cuniculus OX=9986 37278 83
GN=AKR1C29 PE=2 SV=1

PGER6 3alpha(17beta)-hydroxysteroid dehydrogenase OS=Oryctolagus cuniculus OX=9986 37029 55
GN=PGER6 PE=2 SV=1

ALDHI1A1 Retinal dehydrogenase 1 OS=Oryctolagus cuniculus 0X=9986 GN=ALDHI1A1 PE=1 54933 75
Sv=1

PGERS5 3alpha/17beta/20alpha-hydroxysteroid dehydrogenase OS=Oryctolagus cuniculus 36966 86
0X=9986 GN=PGERS5 PE=2 SV=1

QDPR Quinoid dihydropteridine reductase OS=Oryctolagus cuniculus 0X=9986 GN=QDPR 26175 56
PE=2 SV=2

DHRS4 Dehydrogenase/reductase SDR family member 4 (fragment) OS=Oryctolagus cuniculus 27 641 55

0X=9986 GN=DHRS4 PE=1 SV=1

http://journals.im.ac.cn/cjben
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23 REXEESERERE

DI RNA isits, i FH R st ianl £k
1SRIFNER cDNA. DAHOMRN, #F1 7RIk
ML B . PCR 7“1 1% B BiEE e bk 43
P, W2 aTLAE A 4 %5519 AR
4 PCR ¥4, VKiE 1 983800 B
rlsr5 K2 900 bp, BB 5 PGERS &IV SEA
(GenBank %35 : NW _026259278.1, A Bt K/NA
972 bp)HIE . TKIE 2 HE risrd Z57E 750 bp AbH
SRR AT, 5IRRERLy, HES
AKR1C33 FHEAMKERE (GenBank & %5 .
BANS4253.1, FBrK/INA 969 bp) K EEAHZERK,
AIREH THEAR, SBOTERI%, Asgmit
PGSt . Vkil 3 Ay risr2 2978 1 000 bp Ab
P44, FBKES AKRIC29 HEH
F£H(GenBank % 5% : BAN20006.1, H B K/
3 972 bp)lE], IkiE 4 HAY rlsr3 ZY7E 900 bp
AL — 257, FECK S PGER6 &1
H:[H(GenBank #5%%: NW_026259195.1, A
BER/ANHR 972 bp)HHIE] . bk Sty 0 7 I 45

bp M 1 2 3 4

& 2 PCR =YIIEfEvEEpc B kB ki M:
DNA marker; Jki#i 1: rlsr5; Jkil 2: rlsrl; JkiE
3. rlsr2; ki 4: rlsr3,

Figure 2 Agarose gel electrophoresis of PCR
product. Lane M: DNA marker; Lane 1: rlsr5; Lane
2:rlsrl; Lane 3: rlsr2; Lane 4: rlsr3.

&: 010-64807509

RES ML B —3, RS54
RV A A cDNA Hr i h 4 15
B AEN S5 KN L 7 Be o # rlsrS A% IR
J¥4 4% %2 GenBank, %35%%5 4 OP779194,

¥ PCR R15/9 H 19 Bt 5 #idk pET28a i
¥J5, ¥4k ZE E. coil DH5a B2 S 4010, %
it T 3 ANEAE K BL21(DE3)/pET28a-
rlsrl. BL21(DE3)/pET28a-rlsr3 il BL21(DE3)/
pET28a-rlsr5. LA PK W PN I i o 41 1 i 4
Y M ALRE T HEAT T IR (B 3A). il 1T TR,
X R, SR B FEARE SRR ME T A A A
74y 34T T HPLC 437 4n&l 3B iR, JiK
P PK. S BIAI R AUFLAGEH A5 e i 7E (015

3 EHE#K E. coli BL21(DE3)/pET28a-rlsr5
#UPKHIRNFENR HPLC

Figure 3 The reaction equation for converting PK
by recombinant strain E. coli BL21(DE3)/pET28a-
rlsr5 and HPLC analysis. A: The reaction equation
for converting PK. B: HPLC analysis of
transformation of PK by recombinant E. coli
BL21(DE3)/pET28a-rlsr5. I: (R)-tolvaptan, PK, and
(S)-tolvaptan standards; II: Transformation system
without strain; III: Transformation system with E.
coli BL21(DE3)/pET28a-rlsr5 strain.
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PR AR BRI T 4 3R 6.875.4.910,10.300 min, 324 2 KEfR, 5 GenBank (4% H RLSRS
“MEASMEEAERE R, RAREMAWK  (NM_001287557.1) A% Fi 1t 40 Ji i 3% K )7 41 — 2k
BL21(DE3)/pET28a-rlsr5 ELAHMEFLRET, 24ile M8 77.67%. HEATFHIELXTRM, %555
HIFEAL = R RAE S PR B T D EE R B, %% Ot 8 5 il B ) 45 &% B &0 B (short-chain
=k RAFIFEAREIH . i m Al aAe 5, dehydrogenase/reductases, SDRs)H1H 4% i & i/
AL ee il 99.0%, b %Ik 91.18%,  if 5§ (medium-chain dehydrogenases/reductases,
VOIHIE TR TS0 risrs SERFIAHEEAR MDRs) I AH RUPE AR (<2%) 1 5 fk 5t i

I FR LA S TG A Jifg v A T IR A0 DR R R 1w EE ALY, R
P53 rlsrS FER 41K 972 bp, Algmf A 91%-99% (K1 4), H EBA —IL R A7
nl_p1 B2 B3
RLSRS Ana l Y — F

RLSR5 oM A maE:
aldo-keto- l },.,
aJdo-keto-2 1I.H &
aldo-keto-3 ,r.;. "

aldo-keto-4 svc a3

'\1 DGO

RLSR5 L, A o

RLSRS5 WA IREKIAGGEVEREDIF YT SK LW SMESIEF B L VRIS, E 35 LKL QLD Y VDLY
aldo-keto-1 geL IS EESSN - [ .'xaznzn"rsx;ws--r.vr.e SLEQLGLDY Y
P P e A A IR SK I AMGMVERED IF YT S KL Wygsaliiide (ol vERlel T £ 545 LK ¢
aldo-keto-3 5 MUKREDIFYTSELWysites SLE
aldo-keto-4 BVEREDIFYTSKLWMEEP
RLSRS5 e —— 3{14 2421
TY 200000000050

RLSR 130 150 160
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Figure 4 Sequence alignment of the RLSRS with aldo-keto reductases. The secondary structure of RLSR5
is presented on the top: helices with squiggles, beta strands with arrows, turns with TT letters. Aldo-keto
reductase-1 represents the aldo-keto reductase family 1 member C4 from Fukomys damarensis (GenBank
accession number: 010613010.1:1-323); Aldo-keto reductase-2 represents the aldo-keto reductase family 1
member Cl-like isoform X1 from Loxodonta africana (GenBank accession number: 003410652.2:1-323);
Aldo-keto reductase-3 represents the aldo-keto reductase family 1 member C1-like isoform X2 from Elephas
maximus indicus (GenBank accession number: 049738027.1:1-323); Aldo-keto reductase-4 represents the
aldo-keto reductase family 1 member C1 isoform X1 from Pan paniscus (GenBank accession number:
063463300.1:52-374).
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Figure 5 Protein structure homology modelling and molecular docking. A: Homologous modelling of
protein monomer structure using 1q5Sm as template. a-helix, B-folds, and loop rings are colored in dark blue,
orange, and grey, respectively. B: The spatial structure of enzyme RLSRS, substrate PK, and coenzyme
NADPH displayed by molecular docking. PK and NADPH are expressed in light blue and green,
respectively.
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Figure 6 SDS-PAGE analysis of recombinant E.
coli before and after induction and the target protein
purified by Ni-NTA. Lane M: Protein marker; Lane
I: Recombinant E. coli BL21(DE3)/pET28a-rls5
without IPTG induction; Lane 2: Crushed supernatant of

recombinant E. coli BL21(DE3)/pET28a-rlsr5 induced
by IPTG was added; Lane 3: Purified target protein.
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Figure 7 Enzyme activity test results of free RLSRS. A: Effect of pH on the activity of free RLSRS; B:
Effect of temperature on the activity of free RLSRS5; C: Effect of pH on the stability of free RLSRS; D: Effect
of temperature on the stability of free RLSRS; E: Effect of metal ions on the activity of free RLSRS.
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