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RN R-XFWLRAIOR S S-XFmeiAry 3-10 £5, B
HIT T8 4 P R 227 ot A 3 PP AR R (MM AR #
KRR R RN F)PIF . Seeali ™ S B
Ji& 7 i AT LB i B2 255, T ELIsb 1 AR
P S R4 AT A #E R AR LA S - SR VAR RIE
DRI TR R S G FR R SRORE 228 i BB 25 e e R
B T S B FE 7

LB Bk AR R (R-F 7R RO ) A7 ik &
TR LT R TR M 16 2 R R A
HEAL R BEAT A 0 A2 R-A R R A — 284
SR YA 3 2R AR DS S A A e
iR Gt ) O (R (B E 7 N )7/ P ta
PR R R B IR R, S-N-(2, 6-FIEIEHL)
R T BR(R, S-MAP), il R-MAP &5 — 5 LI
ABEAERL R-FER , XA S 2 AR T R R ™
A TFPELERE . ASCHEF I HGE T — R E K
fryr o R, S-HW ORI R ET R-HORTR B bR
Albibacters sp. zjut528"!, & ) FAEBE BN 5
ARz E AR A M AL R LR > RS-HIRR R,
AU AR 7 TR SRR 5 ARG AR 227 o RN, e
OISR VNN ' U= 1R ) SO /S VTN
Albibacters sp. zjut528 R ML N H 153 1 2lifk
A EPRBRBEEE T, FRIAS N 3@ 10 DR PS)
A NH,-Ala-Ala -Lys-Ala-Pro-Leu-Arg-Leu-Lys-Glu,

AT IR KK Albibacters sp. zjut528 YL
2H R 4R H bR ER B BRI 2 81, SR R i B A
TER AR R AT SRRk, BT 20 B R o
AIBEHE I B 3 LR 2R

AR

1.1 #8
1.1 &5 HE A ERR, SSHER)mHE
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%, Hol AR 24k [ 2 o Al BRI N D
fifi Xho 1 . BamH 1 . DNA Marker DL5000, DNA
Marker DL10000 IlgF TaKaRa 23] ; FE[R 2H il
K& . DNA BERE IO & . Bkl DNA i
LR &G T Axyprep A+l o
1.1.2  3EFREE: FhFRESR AR R S 5 5L
Z: DL 3CHR[13]
1.2 HFERWSITE

K FH 5 RO €038 (HPLC) ™,
1.3 WEEEEL K 15 A0 B 4H Bl b

DL Albibacters sp. zjut528 Y2 DNA s
M, P IGIREEIER 5|90 : RMest-F (5'-CGGGA
TCCACGCCGATAGAGGGTCAAAG-3', BamH 1)
#l RMest-R (5-CCGCTCGAGCGTTTATAGCCTG
CCAC-3', Xho 1), PCR ¥ 34: 95°C 5 min; 95 °C
10s; 65°C20s; 72 °C 1 min, 30 MEH; 72°C
10 min, PCR " 34 H 45 Al pET-28a(+) ] Bl 1k
WYIEEEA TRV, I FH T4 3 BemRE 82, ¥ L E. coli
BL21Gold(DE3), #4 & () 5 4 1 fiy 44 N RMest-
pET-28a(+)-E. coli BL21 Gold(DE3). Pk,
SEEUFCR , PEATFOR PCR BIEA DNA 41
1.4 TFEEEEE RMest HFRAM SDS-PAGE 73+t

W EH WS RINE RPN LB WK
S, 37 °C H5 52 2 ODgoo 294 0.5-0.8, 5331l
FRic i FA AR S . A BARE EE )
AN S IR IPTG LW E R 0.6 mmol/L,
25 °C. 180 r/min i#5 54557 10 ho RFFHFPEF
A, 4 °C 8000 t/min #5.0> 10 min J5 37 FIHH,
Y27 T 100 mmol/L (%) pH 8.0 Tris-HC1 Z& ik
H, 4 °C iR IR AR, 12000 r/min 5.0 20 min
WIS W ORI W), #8471 SDS-PAGE 34T
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1.5 EHABEAMLL

i 10 AE AR 22 0P (S0 mmol/L AR 2% ih
7, pH 8.0, 0.3 mol/L NaCl, 10 mmol/L imidazole)
5 ONCSERUZHA O, BSOS R R SR A
JERTA A A 30 min, F 2 SRR B IE VSR iR
(50 mmol/L #EBRZ% ik, pH 8.0, 0.3 mol/L NaCl,
50 mmol/L imidazole)i ¥t 3 ¥k, PR 2 f5AFAY
YEIE 22 th (50 mmol/L W% mif, pH 8.0,
0.3 mol/L NaCl, 200 mmol/L imidazole)¥t /i, &
3 K. WCEREBLAE AL, 54T SDS-PAGE 43#T. ¥
& H IR AR BT 22 R (25 mmol/L BER
Zhi, pH 8.0, 0.5 mmol/L NaCl, 10 mmol/L
imidazole) 4 °C IR FEHTBR LKW E, WFA7E
-20 °C,
1.6 4§ RMesterase B2~ MR
1.6.1  EREISTARERENE : X 2 mL o2 R AL

Wi, 02 g R, SRR, — & RIOHRIE
i#(100 mmol/L, pH 8.0), EJZJi{kZ % 20 mL,

37 °C. 180 r/min £EPKH N 10, 30 min #1 2, 6.
12 h, BRSBTS FE R A A

1.6.2 REEF pH XJHEHTE M AR E TR .
PG AL B (pH 8.0)70BII7E 20, 30, 40, 50,
60 °C TMIE/HE, W& TIEW 1.6.1; FRR
A3 SIHCEE IR AR A /K P AR 4 b, e ik
FAEGTE SR EREM . 37 °C F, IR TE
100 mmol/L AN [F /Y pH Z& i+ (pH 4.0, 5.0, 6.0
ATBEERENZE MR, pH 7.0, 8.0, 9.0 JyE L Z4h-
HC1 ZE 1, pH 10.0 ¥ Na,CO5-NaHCO; 2% k)
W WG o 538, BEERRLE FIRARIR] pH &1F T,
4 °C ORI 48 h, W2 F AR WG % %48 pH FRE 1k o
1.6.3 EERNLBNSI2EME : J5vES WITER(13].
1.6.4 FIEEVREEXSBBTE MR . OS2 4 AL Bk

IIAAERIE D 0
e ST I E WG

10, 25, 50. 100 mmol/L Hfi
W& L 1.6.1,

2 ERAAMN

2.1 ¥E Albibacters sp. zjut528 BRkIERH P Tk
SpIN 2T

ARSCVEF R REN, AR B A2
MR 1t I8 JZ M7 DA Albibacters sp. zjut528 Tk
(ML PN R PP AR B T Al B ARER AR AR 1, R4S
N ¥ 10 N2 IERRF 58 NHy-Ala-Ala-Lys-Ala-
Pro-Leu-Arg-Leu-Lys-Glu. 1% 535 bk 19 3 K 21
DNA £ 32 5A WA R, BRI R IEHE 458
BLE, ARSI FE R A AE SR R (46 198 MR BEASE
HIRZTTIR P 5 B o MR — TR PP 1 i B
HR B TR N 3 10 D ZERR 7 41 58 4 — B A%
B2 P 50 (It —A4b ), AT R 2 1 A 17 fr) il R R 7
H) ., Z I UL GCT (FHfR A)JTFIR, K IET TAG,
4K 969 bp, i 322 NEIEMR, HEMZELF ED
HFRBRAEEE A, # HoAr 24 R RMest, FF#Z LR TE
Albibacters sp. zjut528 H Rk 1R R N
RMest,

2.2 BinBEREEEE RMest FTEEFNIZR K

DA Albibacters sp. zjut528 FHERIFRE K 241 DNA
N, IHREREEIE RMesr b M IS S0 B
BAFRRFFANBT5 1), #-47 PCR 9744, ¥ 445 3ls
WHREEIEHL KA, 40 1, ATLAE H, 1000-1500 bp
A—AURA, USRI AR, S U
FAAFE o PR [mDScan] & 1T e F /9 DNA 7B,
J% B b pET-28a(+)ZOUNIY) . T4 i et b
et B EAH A, RFHLF E coli BL21
Gold(DE3), k153 H 41 RMest-pET-28a(+)-E. coli
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BL21 Gold(DE3). BEHLEEECE-H b A A PR TR
LB A 75 (F% 50 pg/mL RAPEE R K = b
I o PEHCELIFRL, HEAT R PCR BAIE(E 2), #F
T FORERET , WP RE, EARMT
PR A8 B
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Figure 1. Agarose electrophoresis of gene RMest’s
DNA segment amplified by PCR.
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2. EHRNAE PCREIE

Figure 2. PCR verification of recombinant plasmid.
M: marker; lane 1: amplified RMest DNA segment;
lane 2: pET-28a(+) empty plasmid; lane 3: RMest-
pET-28a(+).
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3B BT T G 2 A ORI A S
RN CR TR B DR T A, B, B
OB WO T SDS-PAGE Z3#r, 4nlE 3 w4,
% IPTG if55, HARWIF WA HYEHRE, K
/NNy 46 kDa, STUHARST, RUIBREGEER RMest 1€
FNFFH RMest-pET-28a(+)-E. coli BL21 Gold(DE3)
2.3 EHEHKLL

NG EREMA R EAE A . %
200 mmol/L BIPKMEPENE H B9 H, MK 4 v LLE
h, glifb)s B sl KR & (OkiE 2). 7
IRV AN s S LY Nt G DN S R A b

W5 o (UKIE 2)o 5 RIS —REEN T R E H
JULFEA T (UKIE 3 Fil 4).
3 2 1 M kDa

= : — 100
- mB—so
— — 00

- — 40

St . - ‘III’ —30

3. EH RMest-pET-28a(+)-E. coli BL21
Gold(DE3)3FRi% =41 SDS-PAGE &

Figure 3. SDS-PAGE analysis of expression product
of recombinant strain RMest-pET-28a (+)-E. coli BL21
Gold (DE3). M: marker; lane 1: without IPTG
induction; lane 2: with IPTG induction; lane 3: host
strain with empty plasmid.
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E4. FANERHEANT RN EHEZEH SDS-PAGE E
SDS-PAGE analysis of recombinant
protein’s purification by affinity adsorption with Ni*"

Figure 4.

resin. M: marker; lane 1: supernatant after adsorption;
lane 2: 200 mmol/L imidazole first eluate; lane 3: 200
mmol/L imidazole second eluate; lane 4: 200 mmol/L
imidazole third eluate.

2.4 FEZFEHE RMesterase FREFME Ik

2.4.1 EEROSTARERRNE : K EARREE, B0
IEEE, FHARAS AR AL KR R, S-FR AR R
JEMI AR E N 10 g/L (35.8 mmol/L), #5 H 7R K
fife, 7R R R R RN A SN B (]
5-A), S-HARM R-HHR& i —F, (RE WA
A 3)#E 11 min A1 35.7 min, S 6 h (401 5-B),

R-M AR R WUESE 2R, IRV REE T
49.8%; TR R-H FERFR(16.9 min), =¥
) ee, [E°A 99.3%, 2 BT %) X A4 e 1364 SR ™ A%
R YR N EHEAT 6 h (EUSE]F] 12 h), 408 5-C
Fii7s, #€ 10.07 min HIL T —H/NE) S-H 5R R R
=i, A b, S-FR AR R AIE(LT min) A BT T
W o XB RPN EEALRIRR] T 56.5%, 771 ee,
% 82.9%. KL, XFixEREGEAUL, HA Y4
R BVRYINEG 25, A 18R S UK .

2.4.2 JREF pH XEEREME &I EMERER: 1K
T A AL E 2 AL, 43 E AN TR EE TR
DU R G 100%, 45 R WK 6. BRI TE 40 °C
VS e, 7E 60 °C B JLF-58 22K o M A
[ TARIR 4 h )5, 20-40 °C FRIAHEHE AT
B 85%LL (&l 6-A. 6-B), 50 °C N FI 4
HFFE, 60 °C CAARMER BTG, RUHXEFE
50 °C KDL EAFRE

A3 0 E SR pH R R B E DL e B
100%, W&l 7-A s, BETE pH o4 9.0 BT B
B, pH A 10.0 BH54T 80% LA b TG 5 Bl iR
P 38 fin i e S TG R [, 7E pH O 4.0 B
HARKRIEIER 8%, pH 54 E TERFFT M, 1%
fE 4 °C., pH 5.0-10.0 F{i& 48 h, TS,
58 90%LA (&l 7-B), TWifE pH 4.0 T, FIA4H
i HONWIR Y 40%, K BIZEELE pH 4.0 X LLIF
NGy
243 WEEHRE X EHE R TR R
IK A B = 2 — o WU 4l A0 F A RS BIFE 0
10, 25, 50, 100 mmol/L ) H By B 0l 5 THTE
50N 8. P H s B BEAE 0-25 mmol/L
I, B SR R A T, B R A, 2
Py B 25 mmol/L B} il 16 H A JC H BERT 1924
20%, 1H# T 25 mmol/L i}, FEEXTEE G A9 0 i
ANFERER B G TR . RS R, AR
R B K AR F W Y (R B . %
s WAL K @R R, S-H R R R-H AR
R AR
2.4.4 EHAMHEE NS % Hifk ) 52 b
W2 T AN TR H 7 R B I S R R, AR
B9, SOn R MR 1 R AT AR R R

http://journals.im.ac.cn/actamicrocn
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T Lineweaver-Burk BUEIE/ERIILIE 9 /NED), sk @i & FR (R ) EE[E]=0.156% 10 mol/L,
2 Vi=0.114 mmol/(L-min), K,=2.04 mmol/L. il M kea=V/[E], 18 ke=0.73 min',

v

(A) 1807
1.60
1.40 3
1.20 9
1.00

= 0.80
< 0.60 3
0.40
020
0.00
-0.20 4
~0.40 3

it S-Metalaxyl

R-Metalaxyl

0.157

35.75

Wk ST G 4 4 g e .

4
edstsbss— T 3 +3 LC R ¢ £3 T & T [
T T T T T T T T T T

T T
40 28.60 30.80 33.00 3520 37.40 39.60 41.80 44.00

- - ‘ -
0.00 220 440 6.60 880 11.00 1320 1540 17.60 19.80 22.00 24.20 26
t/min

B) 0651
0.60
0.55
0.50 3
0.45 3
0.40 3

D 035

= ] .
8;(5) R-Metalaxyl acid
0.20
0.15 4
0.10
0.05 3 J
0.00 LLL¢_A_= P Sy - +—t +

I
Eo s t #t

10752

S-Metalaxyl

16.934

000 220 440 6.60 880 11.00 1320 1540 17.60 19.80 22.00 2420 26.40 28.60 30.80 33.00 3520 37.40 39.60 41.80 44.00
t/min

© 200
1.80 S-Metalaxyl
1.60
1.40 3 '
1.20 ]
1.00 R-Metalaxyl acid
0804 S-Metalaxyl acid
0.60 o
0.40 4 g
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AR LEa t

0.00 220 440 660 880 11.00 1320 1540 17.60 19.80 22.00 2420 26.40 28.60 30.80 33.00 3520 3740 39.60 41.80 44.00
t/min

5. HPLC ##TEHERESHEEERIEL KRR R, S-RERAYTIE
Figure 5. Process of enantioselective hydrolysis of R, S-metalaxyl catalyzed by crude recombinant RMesterase. A:
reaction 0 h; B: reaction 6 h; C: reaction 12 h.
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Effect of temperature on RMesterase activity (A) and stability (B). A: The maximum activity was

defined as 100% level. B: The initial activity was defined as 100% level.
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Effect of pH on RMesterase activity (A) and stability (B). A: The maximum activity was defined as

100% level. B: The initial activity was defined as 100% level.
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8. HEIREXEAIUMENL R, S-FRERBIKEEMS
afA o)
Figure 8. Effect of methanol on activity of

RMesterase catalyzing hydrolysis of R, S-metalaxyl.

2.5 [igEE RMest 5HAE A KT 5 HLxT

2.5.1  FiaHE RMest 5508 % HAWE AR ER
FP3 He Xk B e ARAR AR - 75 EBT 34 % ] Blast+

XS RMest JEAT S LR P9 HEXS, e A%
J% /2 Uniprot KB (include UnitProt KB/Swiss-Prot
and uniProt KB/TrEMBL), HAWSH A E, 78
R FTAYHT 50 R PERCHY 2% H o, £ fsi“uncharaterized
protein”fJ2cH , ®'F 23 M55 H. £ 1 HFIH TX
23 AR EPET 3 MFRE 1. AERHETHL, 5
RMest [R5 = R UK B Hyphomicrobium sp.
1 AB hydrolase-1 domain-containing protein (AB $§
Alpha/Beta), E {4 2.4E-69, F¥5I—%1k 40.2%,
R 57.3%. o5 23 NICEME KA
Ramlibacter sp. WS9 [/ Lysophospholipase, E {5 /&
3.8E-51, JF4I—BUME 36.9%, MMM 52.7%. i E
{E<0.01 AL BE I n] S b 468 7 [m] 544

http://journals.im.ac.cn/actamicrocn
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9. FEHPBRIRE THEHBRIEE K EH Lineweaver-Burk SU{EI# &
Figure 9. Rates of reaction catalyzed by purified RMesterase at different metalaxyl concentration and its

Lineweaver-Burk plot.

% 1. A Blast+7£ UniProt KB £{3%  th X 5§ RMest i {TRERBEF 5 LLATHILE R
Table 1. Result from Blast+ of esterase RMest against proteins in UniProt KB database”
No. DB:ID Source Length Score (Bits) Identities/%  Positives/% E
AB hydrolase-1 in-containi tei
1 F8J9E5 ydrolase-1 domain-containing protein  y o, 5/ 5 402 573 2.4E-69
OS=Hyphomicrobium sp.
Lysophospholipase OS=Hansschlegeli
2 AOA4QOM384 7 OPROSPROPASE ANSSCAIEGENA 395 200.1 39.1 56.9 2.7E-61
zhihuaiae
Lysophospholi ~Vari .
3 A0AOQ7HBR LYSophospholipase OS=Variovorax sp 343 206.8 40.9 56.1 9.5E-61
Root434
Lysophospholipase OS=Ramlibacter sp.
23 AOA4Y7B509 vg;gp 0Spholipase amubaActersp- 349 1822 36.9 527 3.8E-51

" Blast+ run retured first 50 matching items. After deleting “uncharaterized protein” items, 23 ones remained among which the first 3

and last ones were showed in the table.

Xk 23 M4 H, H MEGAT.0 Bl d i
ARG FEW . e ENTHAT Clustal W ZH H
XT, BRJE R AR Sy gE AR, AFE 100
KA, st el m 3ol 4 MEAE R 8
— i R J& B AY Lysophospholipases, 3t 14 4~
B B EANERET T AB hydrolase-1
domain-containing proteins, Ft 3 LG FEDY
A2 R EREY Esterases, 3t 6 NG 5 MASCHY S
B RMest A5 MR, HAHC 1 MRS

actamicro@im.ac.cn

i F X4 Lysophospholipases. AB hydrolase-1
domain-containing proteins Fl1 Esterases [f] J&
Alpha/Beta /K it i < 0 , It ATG I RMest j&—Fh
Alpha/Beta /K fi# i , ‘& % Al fg B9 2h fig &
Lysophospholipase @ Esterase. #4b, H T il
RMest Jeff 25 — A3 A1 R A ME— B, B
s e A HL A B 1 B AF TR R R B, R
Je— AR AL BEAL R Alpha/Beta 7K fif g (4 3C
UEBE e — R ) o
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99

100

99 100

69
<|7 100

Esterase RMest

0.050

10.

99— Lysophospholipase (AOAOQ6NGP6) Variovorax sp. Root318D1
40‘—5 Lysophospholipase (J2KT98) Variovorax sp. CF313

Lysophospholipase (AOA2P8KIY7) Variovorax sp. WS11

10
43 I Lysophospholipase (AOA1B9YK32) Bradyrhizobium sp. LMTR 3
26 100 Lysophospholipase (AOA1B1UAV4) Bradyrhizobium icense
74 Lysophospholipase (AOAOQ7HBR?2) Vaiovorax sp. Root434
Lysophospholipase (AOA4Y4B509) Ramlibacter sp. WS9

Lysophospholipase (AOA367PN76) Cupriavidus necator
Lysophospholipase (AOA1B2R1MS5) Bordetella sp. H567
Lysophospholipase (AOA1W6Y G46) Bordetella genomo sp. 8
100" Lysophospholipase (AOA261RP50) Bordetella genomo sp. 9
Lysophospholipase (AOA4QOM384) Hansschlegelia zhihuaiae
Lysophospholipase (AOA4QOMP10) Hansschlegelia zhihuaiae
AB hydrolase-1 domain-containing protein (F8J9ES) Hyphomicrobium sp.

Bordetella genomo sp.
Esterase (AOA261REES) Bordetella genomo sp. 9

4 Esterase (AOA1P8FI88) Betaproteobacteria bacterium GR16-43
30 Esterase (AOA4Q2U3W6) bacterium RmIP026
48 Esterase (AOAOA3Y825) Bradyrhizobium japonicum

elE RMest MEB AR R B R

100 AB hydrolase-1 domain-containing protein (AOA2V8IRB7) Acidobacteria bacterium
9 AB hydrolase-1 domain-containing protein (AOA1E3Y5F7) Acidobacteria bacterium SCN 69-37
AB hydrolase-1 domain-containing protein (AOA3ASWMU4) Bacteroides sp. AF29-11
100 Esterase (AOA1L9GKE9) Polynucleobacter sp. MWH-Adler-W8
100 Esterase (AOA1TW6YI0 8
100
2

Figure 10. Protein phylogenetic tree of esterase RMest. The tree was constructed by N-J method with bootstrap

values calculated from 1000 resampling. The numbers on branches indicate bootstrap values. 0.050 Bar indicates

5% sequence divergence. The serial numbers in parentheses represent protein ID in Unitprot.

2.5.2 [EHE RMest 5 EHest (Kf#% H 78 R Hr )4
MAP) R 75 Hoxf Fif AP T Lo 8% . 5B
liff RMest (XF H 7R %A R-VESEVE /K A0 35 1k )5 i Tl
EHest!" /O H 76 2 Hh ] f& MAP A R 47 R-ZE£ 1
KRG, A ST & G ) B 2 R 3 51 i AT L
Xt GRERE D) EAERKER, FKRE
Ko FIROKSHRG—FE, WRNEREGY 56 o/B /KR
it 5% 1 19 T B AR ST IX 38 (Gly-x-Ser-x-Gly) o i i}
RMest HJFLKPRSF X GHSAG 5 EHest 19
GHSFG A — MR FERR A A (B 11 JRAEAL).,

FH 7 R [N-(2,6- — F KL o8 Ok )-N-(2- F 4 0
L) AR R 15 W AR Rl i& MAP [N-(2,
6- — LR IE N Z IR P OIS L, JAE N
J&F B2 T —A-2-F S Ik Tk i S R
ZH B fili RMesterase £l EHesterase Xf iX P fft 4 78

BENC P AR BT LR 2. B 5E, PR A AR
Xt MAP A 5 /K i 1& Pk, 100 B 5 00 35 M e 25
WA —E WA, ESCIRR], P a R
A 22 55k, BT IRY) MAP B K fi 1
. MER-ADRERIIGRR. H—Jr,
RMesterase X} R, S-MAP JC iR &£, M
EHesterase Xf & 414 B AY R-IEFEVE, UUIE
T4 G N AS WA —E M2 5. H
K, RMesterase X H5H 7 A 5 1Y 1% YL AR &
i R-IEFEME, 1B RMesterase IR P45 & 4%
5 RPERANEGE G HAMRBMLE . M
EHesterase Xf A R ICTE M, nJ BB T A5 R 45
2 ) 857 B T EHesterase 5 H 255 1)
EORBEAT, XL W 1 PRI I P 455 148 4s
Ty 1 22 S o
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RMest AAKAPLRLKELKTFFVDGQKSRSEYTALPGSVFTPEGEVTTGQMYVQAWIPEKKNKDLPA 60
EHest ~ ----- MSMISRRTLL------- QLAAGLPALAAAPA- - - - - ------- TAAQPAAGRAKT 36
.. ek . - ¥k . % . .
RMest IVMLHGSTHSGATYETTPDGREGWAHYFARRGVAVYIVDQPGRGRSGFDHTKITIEAKATG 120
EHest YVLAHGSWHGGWCWRPVAER - - - ---- LQAAGHRVYAPSFTGMGDRAHL - - - -------- 78
¥ WX ¥ XK B - * * K * %k
RMest NVENLPVPSASNHDTAWQVFRFGQALNKPFKKSRFPFGSVDQYWKQLLPSIEGPGATPAL 180
EHest LHKG-- - - - - ) G TIDTFVEDLVQ- - - —————— - 94
. * - - = ¥ ¥ -
RMest VKLLDRIGPAVLMGHSAGGQPVINAALERPDLVKAVVNLEAPGG-CGVDDSAIDRAYKTV 239
EHest VIQSEELNDVI LVGHSEGGIIPTSGVADRIPERLAHLVYFDSIVLQSGOD----------- 143
- - HRK Kk K. * x . . - X - o= * X
RMest PLLSVYGDVDV-------------- SYDPPKVWKDLWNNAVESCDKASKK - - -------- 275
EHest -AFSVYPKADADARIAAASKATNGLAVPIPDP LPAAP’GF KPGSADEAWVKRRLTPHPLAS 202
f 38 s * * E I S S *
RMest ~  ------ IN-R-AGGKARNIYLPRKGIFGSSHMFMMDDNSDELAG- -IVYKWLVKNTK--- 322
EHest YTTPLTLKHPIGNGRPR-TYI----- HCTQPELPVLEQSRQLVKSQPGWNWVDIAAPHEA 256
- . % * . . . . s e X . .
RMest ~ — —----mmmmoom— - 322
EHest HITHPQVLADLLLGLS 272
11. fEES RMest 5 EHest RS EEF 5 bb 3T
Figure 11. Alignment of amino acid sequence of esterase RMest with Ehest. *: identical amino acid; :: highly
similar; .: low similar.
% 2. EAFSES RMesterase 71 EHesterase X 5NEIEFR 78 R FH 78 R o ia ik MAP YL IR
Table 2. Catalytic properties of RMesterase and EHesterase on hydrolysis of racemic metalaxyl and MAP”
Recombinant R, S-MAP” R, S-metalaxyl
enzyme Activity Enatioselectivity Activity Enatioselectivity
RMesterase High No Fairly high R-, Very high
EHesterase!'! High R-, high No
"R, S-MAP: R, S-methyl N-(2, 6-dimethylphenyl) alanine, the precursor for production of R, S-metalaxyl.
3 ik T N WL T 33 MESER, S TRET 4kDa

AR SCARAS B FE A1 R RMesterase Fl1SCHR[13]
ol B L R BRI (43 25 T Albibacters sp. zjut528
FRL PR B FE B R PR BT A T LU, A5 R AT : (1)
P 3 i RN —80 A SCHRIE 1Y E 4 T T 1Y)
T2y 46 kDa (& 3), SCHR[1314RIHE A0 21 A% 75 s i
M52 40 kDa, B4, TEMEEEE AT,
filg U157 s M EE BRI R LA )2 His AR28 B I IN&E,
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%, WA, PiAsrFEdck A SDS-PAGE K, A
—E MR ZE . (2) PR AR 30, A

FHE ARG IMEIER R R, IR 1L 49.8%
B, TPk R-FFERER, ee;>99.3%. SCHK[13]
8, LU ER R Y TP Albibacters sp. zjut528
IKARIMHERER R, 7 YICR 47.1% (Y55 TRV
1&%)53‘, FIh R-HFERR, €,599.9%; (3)

YL EE I pH X B 3 1 35 T AR RS M R S ) — B R
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JEAT pH X 2H i 2E s B P it 1 3 R TR
AR 2k 5 2L, PRI IR 8 00 e DI TRLEE A pH
SEA A, Y2 40 °C il pH 9.0, (4) PIFHIEGR
I3y g 25 TEZH W AN ZE R MR S 1 Bl ) 2ty
FFEK R . AR K IR 21 Ko (2.04 mmol/L)
LA EE(2.29 mmol/L)AH Y, T H L BEHY ke
{#(0.73 min™"y/NF4H 5 AU iF(0.85 min ), W] A5 IA
S Al Al 1Y) H T T ) o R AN G 2 R g . T D
FHCERT LI E . AT RIBRAESRE R RMest il
J&f Albibacters sp. zjut528 [#H 24 R, S-H F& R K
AR 23 1 P 2 RO R T ) B A

ARSCHRIE T —FhEREEAEE N P 81 RMest, 1%k
K>k B F Albibacters sp. zjut528 FIFERIZH , %
PREA RS-HFRRIr eI HIMRA A o ABFSE
FOHT R FEERIAE LT M A s (1) RAASCHERERY
Pl il 5 DR 7 [l N D s 1 OO, iR IE X A
IMEAET R AR R (R A ) AR 59 0L
{6, XTHE— 2D WF S0 IRBEAS A RIS P oG Rt A
BHE X, (2) #id5 Uniprot KB %diE 2 o HoAth
AR LR A AT EE XS, S5 2R B T
RMest 5 K26 Lysophospholipases ., AB hydrolase-1
domain-containing proteins F1 Esterases H% [F] Il 45
=, ESEVEMR SR AB hydrolase-1 domain-
containing proteins Y 24 3 12 ¥ 41 — Bk H A
40.2%, FPBIARMITE A 57.3% (R 1), RULZM
e B A e P i T e i

4 HZ®

ASCM Albibacters sp. zjut528 FFER 20 Hi4k
B —Fhoa] DLs s PV KA R-F e R A4 i T 5k K]
RMest, %1% 969 bp, Hifith 322 I ILMIRIL, J&
T /B IK IR BES R A SR T HH A RMest-

pET-28a(+)-E. coli BL21 Gold(DE3), B REEIEK
/NZYNy 46 kKDa I EE 2 AR 1. FH I P 2 A R A
K AEAMETER FE R, HIRYIH AL 49.8% 0T,
FEYI (R R R IR eey, N 99.3%, Xt A4
R-HRLEA & — Gk )ME, 9F H A Y R BURYIK
fREZIR, ASEEKM S BRY .. %ISR
JEHI pH 43514 40 °C I pH 9.0, %835 132 3]
PP EERGANE] . 5 Uniprot KB 4 4 Hh Hfth 25
PR A IR IR F I UEA T LU XS, RSB T A 2R
HARGSEBW, 458 B/RHM RMest 54 st

Lysophospholipases . AB hydrolase-1 domain-

containing proteins I Esterases f¥[a] s, 1H
TSN BRI B, RS —
FORE X A 7 2R Ak %) T T

2 % Wk
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Cloning, expression and characterization of a gene encoding the
esterase hydrolyzing R,S-metalaxyl high R-enantioselectively

Zhaohui Zhang'", Kang Peng', Yanan Lu?, Yuele Lu'

" College of Biological Engineering, Zhejiang University of Technology, Hangzhou 310014, Zhejiang Province, China
? Active Motif Shanghai Limited, Shanghai 201100, China

Abstract: [Objective] A gene encoding the esterase to hydrolyze R, S-metalaxyl high enantioseclectively to
R-metalaxyl acid was cloned and expressed in E. coli. The properties of the recombinant esterase were studied.
[Methods] Based on known N-terminal 10 amino acid sequence of the target esterase, a candidate esterase gene
matching with it was found in the sequenced Albibacters sp. zjut528 genome. It had a length of 969 bp encoding
322 amino acids and was named RMest. The RMest DNA segment was amplified by PCR, ligated with pET-28a(+),
transformed into E. coli BL21Gold(DE3) to construct the recombinant strain. The recombinant esterase was
expressed by induction with IPTG and purified with Ni*" resin. [Results] The recombinant RMesterase was
expressed successfully in RMest-pET-28a(+)-E. coli BL21 Gold (DE3). Its size was about 46 kDa in SDS-PAGE.
Hydrolysis of 10 g/L of R,S-metalaxyl for 6 h catalyzed by intracellular crude enzyme from the recombinant strain,
the substrate conversion rate reached 49.8% with product (metalaxyl acid) ee, of 99.3%. The main product was
R-metalaxyl acid. The optimal temperature and pH of RMestrase was 40 °C and 9.0 respectively. The activity of
RMesterase was inhibited by methanol, the other product of metalaxyl hydrolysis. After aligning the amino acid
sequence of RMest with other proteins in Uniprot KB database by Blast+, the neighboring-joining phylogenetic tree
was constructed. It shows that the esterase RMest had a long evolution distance with homologous
Lysophospholipases, AB hydrolase-1 domain-containing proteins and other esterases. That indicates that the
esterase RMest was a new one that evolved relative independently. [Conclusion] The esterase gene RMest was
successfully cloned and expressed in RMest-pET-28a(+)-E. coli BL21 Gold (DE3). The recombinant RMesterase
could hydrolyze R, S-metalaxyl high R-enantioselectively to produce R-metalaxyl acid.

Keywords: R, S-metalaxyl, enantioselective hydrolysis, esterase gene, cloning and expression, Albibacters sp.
zjut528
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