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Recombinant expression of Sphingobium yanoikuyae esterase
SyEst870 capable of degrading carbamate pesticides

XIE Xiaoqian, FENG Yin, ZHOU Yuanyuan, YAN Xin, YUAN Xiaoqin, QIU Wuxia, MAO Xinfang,
LIU Zhongyuan”

College of Chemical Engineering, Sichuan University of Science & Engineering, Zigong 643000, Sichuan, China

Abstract: Carbamate pesticides, a new type of broad-spectrum pesticides for controlling pests,
mites, and weeds, are developed to address the shortcomings of organochlorine and
organophosphorus pesticides. Their widespread use and slow degradation have led to
environmental pollution, causing damage to ecosystems and human health. Managing pesticide
residues is a pressing issue in the current environmental protection. This study aims to investigate
the expression of SyEst870, a member of the SGNH/GDSL hydrolase family in Sphingobium
yanoikuyae, in a prokaryotic system and evaluate the ability of the recombinant protein to degrade
carbamate pesticides. The prokaryotic expression vector pET-32a-SyEst870 was constructed and
transformed into the Escherichia coli BL21 for heterologous expression. The purified protein was
studied in terms of enzyme activity and effects of temperature, pH, and metal ions on the enzyme
activity, with p-nitrophenol acetate as the substrate and based on the standard curve of
p-nitrophenol. LC-MS (liquid chromatography-mass spectrometry) was employed to examine the
degradation effects of SyEst870 on carbaryl, metolcarb, and isoprocarb. GC-MS (gas
chromatography-mass spectrometry) was employed to detect the degradation products of
SyEst870 for the three pesticides. The soluble protein SyEst870 was successfully obtained
through the heterologous expression in Escherichia coli, which yielded an enzyme with the
activity of 677.5 U after affinity chromatography. SyEst870 exhibited degradation rates of
82.34%, 84.43%, and 92.87% for carbaryl, metolcarb, and isoprocarb, respectively, at an initial
concentration of 100 mg/L within 24 h at 30 °C and pH 7.0. The primary degradation products of
carbaryl were identified as a-naphthol and methyl isocyanate. Metolcarb was mainly degraded
into m-cresol and methyl isocyanate, and isoprocarb was mainly degraded into 2-isopropylphenol
and methyl isocyanate. Compared with the half-life of carbamate pesticides in the natural
environment, which ranges from a few days to several weeks, the recombinant protein SyEst870
can rapidly eliminate the residues of carbamate pesticides. This study lays a foundation for
addressing pesticide residues in the environment and in fruits and vegetables.

Keywords: Sphingobium yanoikuyae, SGNH/GDSL hydrolase family; prokaryotic expression;
carbamate pesticides
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Bk 2k 2 i B 0T 9% B AR P fE K Rl |,
T PR Tl 0 T e il A i 2 PP R RS A 2y, iy
SR AT 2 AN B 2 5, Hashimoto 4612
A Z8 B A s ) A= B v 43 25 1 T RE A R T
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TRIFS), JFHE @R bl AR A5
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Tablel Aminocarbonyl pesticide degrading enzymes/genes

Bacteria Enzyme/gene Reference
Acinetobacter calcoaceticus Ethyl carbamate hydrolase (ECH) [16]
Citrobacter sp. Urethanase [17]
Rhodococcus equi TB-60 Urethane hydrolase [18]
Lysinibacillus fusiformis EC-degrading esterases [19]
Candida parapsilosis New urethanase (CPUTNase) [20]
Agrobacterium tumefaciens d3 Enantioselective amidase (AmdA) [21]
Rhodococcus sp. D-6 Novel hydrolase (IpcH) [22]
Achromobacter WM111 Methyl carbamate-degrading hydrolase (MCD) [23]
Pseudomonas sp. strain C5pp Carbaryl hydrolase gene (mcbA) [24]
Pseudomonas sp. OXA20 Carbamate hydrolase gene (cehA) [25]
Novosphingobium sp. KN65.2 Carbamate hydrolase gene (cfdJ) [26]
Sphingomonas sp. CDS-1 Carbofuran hydrolase gene (cehA) [27]

H i i oA D26 F < BY i S B2 TR 1 SGNH/
GDSL 7K fiff il 2 i 3k IR HLAT [ A 25 TR B AR 24 1)
RE IR IE o ABFRAERT TR R, R¥F
TR TR T TR R ) 1 R D R B R Y e T
RIAREAEAE 1, X AT REFIE IR N I BR B A G,
1R NCBI i i % B 4 22 1o v 100 B0 B ]
FE8), %5E I TEkE T SGNH/GDSL 7K fift il 52 %
JL[H Est870 (GenBank & 3¢'5: CP033230.1),
HAZFRRF K K 1 125 bp, 4ihi% 375 N&E
S, AW E T R R IR E IR pET-32a-
SYEst870, I %% {k K I #T 1% (Escherichia coli)
BL21 #Ar 5 IRRk s M2, il <A
Tk R R AUV ORE 03 - T O A I EE 2 AR
SyEst870 X 42 3 H %l 2 4k 245 1) P At o 3 2ok
S TR Dy 2 S U R G I R I R 25 e
TRFLE— R 25 M 223, Rt A figf ple A 24 fif
FH b B R % A 1) 5 25 7 Sl
1 5 xFE®
1.1 EFAFIFNEE

BN FERMN . W I b (Tris) |
SN L -B-D-H A LM (IPTG) . Xl K8

RS . 4+ I3 (I8 1 BSA . Bk | DNA 431
HE AR marker (100-5 000 bp)Fll RealBand it
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% 11 marker (10-180 kDa)¥j g [ 2 T A= 9y T 7%
(BB A RN NER . O . g, £
g . & B BE AN H im0 8RR TR L A
AIRAE; WER ., #KE (SN E A -
Vg IR ey A BR A W], HA 5] 24
AR L

KM (L[ B4 FID (flame ionization
detector) R #5108 B ZHC R AR AR Ak
A4 % B ThermoFisher Scientific 23 ) ; QTRAP
WA TSI F| AB Sciex /A ) ; Acquity UPLC
WA TS F Waters 23\ 5 H 4K & RS0
B AR 2h B A BR A s Lk RS
(trans-blot SD cell, SDS-PAGE)4J H Bio-Rad 2%
w] B AR VR R S R A I A i —fERR Y
ar A R w5 TEIR S SRR R B RS R 224
A R\l BB R AL B L)1 & RM Y
AR BABLOILIE A A RS A R
Al APKERMY(ReadMax 1200) A FIEFIA
TEAEYIRHCABR A A R S A I 3 T
B2 R R A R A F
1.2 E=YERESH

FET NCBI B 5% T 22 e 1 5 sk A 850 1
A5 SYES870 FE[K ) cDNA J#81 FIE JLfR 751,
B3 NCBI i H #HA AP SGNH/GDSL



SIS % | RITESEEEAEEY SyEsts70 4 ELA Tk K 2w o E AL AL 2 R 75 HOFE AR

K A Bl R S LR Y A, R TR 2R R
ESPript (https:||espript.ibcp.fi/ESPript/cgi-bin/ESPript.
cgh) AT Z A LR, FIH MEGA 6 B <4z
(neighbor-joining, NJ)#k I 4t 5 WY & 4 i
SyEst870 5 HAWREF IR RS K BR . FITTE
£ 34 SWISS-MODEL (https:||swissmodel.expaSy.
org AT "9 . SRR TN 5 R PR AL,
F PyMOL #3428 11 BT i 1k O AL R R
5 AR
1.3 B#RE

P I A IR 4 pET-32a-SyESt870, #HK
ok, HALF E. coli BL21 &2 S 40Hrh, $afp
54 100 mg/L %7 5 & (ampicillin, A
LB [E{RR R, 37 CRBFEIL AT .
P BRI VR 7E 5 A 100 mg/L AT LB i AR 77 5k
i, F 37 °C. 180 r/min }i3% 4 h, JA IPTG
BRUE N 100 umol/L 15T 4 h, LA ERINIPTG
() BE M AR A 2s L X BR, ] SDS-PAGE £l 2
FIFRIBTENL, T O R 28 1K 1% FH A v B 18T Pk o
KL R R IR MR #:F 300 mL %4 100 mg/L
AT LB RS 3 H, F 15 °C., 180 r/min £
3% 12 h, JIA IPTG ZEAWKE A 100 pmol/L if
512 h, 6 000 r/min #.0> 30 min, f pH 8.0
Tris-HC1 HA4 3 K, #1778 SR (D% 200 w,
M 4s, 15100 4 5),
1.4 TR

BUiE & His-Tag Purification Resin #¢ s #1: %%
¥, FH Tris-HCI1 (pH 8.0) Al , hn A 40wk
A B, F 4 °C. 30 r/min HEFSFE IR FEA:
Lh, WHERZFR, EE LM 2-3 KRRG-S
His FREEHE 1. MU 20, 50, 100, 150, 250,
500 mmol/L FJBKMEPERE 15 min, ] SDS-PAGE
Rl S IR R oy o N D -l & W
Tris-HCI (pH 8.0)LX 1:100 HAFHEAT B4 LA
PADKME, AERR 4 b4 1 GENTIR, BT 48 h,
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RIS HMEH.
1.5 Western blotting #& M HMWER
SyEst870

W ERENT G R EH R E A TR E
1l SDS-PAGE il , #5285 A B T I 22 vl
P 5 min, R THBAET 200 mA R
90 min, FHEMAIZ M EMA 1.5 h, 7EA1EH 52
PHE IR 1:3 000 FBE 9 — BT (AntixHis-Tag /)
R Z s T 4 °Cid 7% % F , F TBST Buffer
PEME 3 K 15 min, fE 1:15 000 B —Ht
(HRP-conjugated goat anti-mouse IgG)H' 37 °C
W E 2 h, il TBST Buffer P/ 3 X 15 min, ECL
(enhanced chemiluminescence)% {4 & ik 't Y4 {4,
1 min, MG 15s WELLE R,
1.6 SyEst870 Eg3ENE

i ik T LA KA % i BEOR T R 2 A R B, e
A A B 7 ) 60 Fil 3 2R 7 (p-nitrophenol, p-NP)
FE 405 nm KA f R WIS o 2 BEG AR PO G
WA W 7 s g e, A H BERC ] 1 mmol/L
f) p-NP BE, 6 B2 TC ) A [R) e B2 Y p-NP A
WEW, W5E HAE 405 nm ARG, 457 p-NP
PRUERTZR o B 100 pL R 0 il i A 21 5 20k B
29 10 mmol/L X 2R My £ B2 1 (p-nitrophenyl
acetate, p-NPA)[ 2.9 mL Tris-HCI (pH 8.0)[ %%
MW TR A5, WE R PRIER B AR R .
76 30 °C4MF P HE 5 min, LS IR KIGEHE N
XPHE, HEAT 3 UCOPAT S, B3 mL AR T4
Betb @y, XA RE, LNt
TR IE 405 nm AR SERE o 1 B PR 67 (U)
SR BRI EAL A B T pmol p-NP 5
g, HJ 1 U=1 pmol/(mL-min),
1.7 BEEFMRMR
1.71 BREREBEMNEBEMMHR

FEARMER R AR R, 100 wL R0 BRI A
F AR 10 mmol/L p-NPA £ 2.9 mL
pH8.0 Tris-HCI HyZ& s iR-G 15), 430 &
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F 10, 20, 30, 40, 50, 60 °ClHIEAK 5 7
H 5 min, PAmiRKIEBEE XTI, #6177 3 P
FPocms, X RRALER, I BTG B R il
N . KBS E T 10, 20, 30, 40, 50,
60 °CIEIR /KB T, £WFF 0.5, 1.2, 3, 4h
Je 0 5 TG 7, DA 4 B A B AR T 1) TR D 1
R 100%, THEAEXTBEE 7, AR R AR T
1.7.2 pH X pH 2 EM#MZ

TEFRUER AR R T, ROV IREE A 30 °CHi,
M 5E AR pH (3.0-10.0) 2514 F SyEst870 [ TG
PE, BT AE A 92 M R T A R B % W
(pH 3.0-5.0) . PBS 2% ifiifk (pH 6.0-7.0) | Tris-HCl
ZZ v (pH 8.0-10.0) LA i i 2K il 7 Ky Xf
B, RT3 ROPAT SRS, X RRAL IR, I il
T 718 28 B I W pH. ¥ SyEst870 43l B T
pH 7.0-10.0, 30 °Cor%IHE&E 1. 3. 6. 9h J5lK
REN S Tl TG, LA A 8 4 B A i ) I T AR R
100%, FHAARXIEEE 7, DiifEfae pH .
1.7.3 €RBEFXNEE NN

TEbRAES N A FR T, B A& &8 2
Mn?", Ni*, Cu*', Fe**. Li", Ca*". K", Mg**.
Na®, Fe {#ZkE %]k 1, 10, 20 mmol/L,
LI p-NPA NJEY), 7E 30 °C., pH 8.0 54 R
B 5 min, WERE, DUOREINE R & F RS
J19 100%, THEARRTEEIE 7, S A4 e B X
SyEst870 B #9521
1.8 SyEst870 %} K 25 H &%

Z: M GB/T 20796—20061% F1x1] JE J 45 30
W7 IR FEMAE B M, DA RS RIBL S 1 /L

*2 BEE. ERBEMFABNRIESH

MR ZS k. UK. TN ME I, I
W 10, 40, 70, 100 pg/L W TAEWR, &
0.22 pm A GLFLIRIE , P = R0 A - o i vk
W E R A TR P 2R . Kl . Y
WA TR, LA UG i RN 7 A e B A e 5 e T
bR 2 .

TE 5.9 mL & H 2% Jal (K /57 TN Jll ) 28 Wk 3
24100 mg/L #) pH 7.0 (I BEFRER 2% i W A
100 mL it} 1%}y 677.5 U 1Y SyEst870 R IR &1
2], T 30 cClEIE/K B 3 RO E 0. 4.
8, 12, 16, 20, 24 hJ5MMA 6 mL & H ki %
PAFRAHL, #27% 30 min, 8 000 r/min &5.0> 15 min,
FEAKMTEAI 6 mL A H AT R 2R,
W HCF R N )2 A LA 6 mL FHEZEM , iefh 26 &
A HLIER, A 6 mL 2 JE17 8 75 i
FHFFE 1 000 55 pg/L, 1t 0.22 pum AYALIE
JEE, SN, AL S 3 Ik, L 100 mg/L
2B 1ML 2 (bovine serum albumin, BSA) A %5
Xt A8 o

S, 3 R S TR B R i 451
Waters ACQUITY UPLC BEH CI18 (2.1 mmx
50 mm, 1.7 pm)@iEAE, WA 2 0:0.1%H
iz 7K=90%:10% (V/V), i 0.2 mL/min, FEif
25°C, #FFERE 1 uL; A S5O 2,
%S 18 25 R B (turbo ion spray temperature,
TEM) 500 °C, <% JI(curtain gas, CUR) 25.0
psi, Z54bL A JI(nebulizer gas, GS1) 50 psi,
B AR 71 (auxiliary gas, GS2) 50 psi, HiL 2.
IEB T, MBI HE,

Table 2 Mass spectrum parameter of carbaryl, metolcarb and isoprocarb

Compound Parent ion Daughter ion De-clustering voltage Inlet voltage Collision energy Outlet voltage
(m/2) (m/z) (DP)/(V) (EP)/(V) (CE)/(V) (CXP)/(V)
Carbaryl 201.9 145.0 +50.1 +13.9 +17.0 +13.3
Metolcarb 166.0 109.0 +55.0 +10.9 +17.4 +7.3
Isoprocarb 194.0 95.0 +64.0 +14.1 +20.9 +6.0
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21 ZFILEIFERGE A EWN

¥ SyEst870 5 #2451 i 1 (Sphingobium
scionense) . 3 J # (Rhizorhapis suberifaciens) |
HramaE R A (Altericroceibacterium xinjiangense) |
JE [&B5 BR 1 (Streptomyces niphimycinicus) . Tk
4R AT (Silvibacterium dinghuense) . =5 H %
F1 1 (Lysobacter maris)f) SGNH /K i it i1 7 &
P X (A 1), Bl

BIS

@ [ & SGNH/GDSL
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SyEst870 VTG PR

SsEst
RsEst
AxEst
SnEst
SdEst
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SyEst870 230
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SsEst VG
RsEst VIG)
AxEst WM
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AxEst
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Figure 1

TV TSWC

TIWTTRVFLSAIE

LADFLKVFP

SyEst870 #YJ 2 5 %1/ bk XF
Multiple sequences alignment of SyEst870. SsEst: Sphingobium scionense (GenBank accession

17 p18

IR KB RS P 91 Gly'S-Asp7-Ser'™®,
=¥ %" SGNH/GDSL 7J<ﬁ’$@ﬂ%ﬁ%ﬁ@4¢ﬂc
IRATE PE L Ser!?-X-Asp?2-X-His’ ", {4
#isk /8 SGNH/GDSL 7K fift it 52 i 1 48 B 2 -+
2590 Ser' - X-Gly**-X-Asn®™, 1E i FHHATE
Al O A SRR HE T A KR TR T 16 T
FiTer) SGNH 7K fiff i i) 2 JE FR 7 9 -7 LU X,
WAL R T, SyEst870 I 2 B A i 1 LA Kz
R TR Y Bst A943 SCBGE, d B H 5 8 2 e o
LT DA AR R TR 2 06 R dpc il (B 2)0

FPOMMWLOO

*T90

.AKRGTA[IV
.AKRGTAIV
.RQPHRT/IV
.PTGSATLA
1 .DAPAKAIV
VIQANEKNAGAIIV
VIEA.ASGTRSVV

BHeH B HH

5GTVTADDVI
sAPVTTDDVI
EGDPES|ISLTAADVL
.. TPLAVDDAPTAAPALI]

number: WP_188084112.1); RsEst: Rhizorhapis suberifaciens (GenBank accession number: WP_184473722.1);

AxEst:

Altericroceibacterium xinjiangense (GenBank accession number:
Streptomyces niphimycinicus (GenBank accession number:

WP _126171883.1); SnEst:
WP _216342538.1); SdEs: Silvibacterium

dinghuense (GenBank accession number: WP_164981544.1); LmEst: Lysobacter maris (GenBank accession

number: WP _111267035.1).
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85 SdEst

rSyEst870
100-SsEst

99
—

0.1

2 BEHMENETREERFIINXTHEE
B SyEst870 F1E th47Fh Est IR G A B K
Figure 2  Phylogenetic tree of SyEst870 from
Sphingobium yanoikuyae and Est from other species
by neighbor-joining method based on amino acid
sequences. SdEst:  Slvibacterium dinghuense
(GenBank accession number: WP_164981544.1);
GmEst: Granulicella mallensis (GenBank accession
number: WP_014263858.1); PsEst: Pseudomonas
(GenBank accession number: WP 150346300.1);
GrEst: Granulicella rosea (GenBank accession number:
WP_089410040.1); PdEst: Phenylobacterium deserti
(GenBank accession number: WP _111513668.1);
MeEst: Mesorhizobium (GenBank accession number:
WP_136622225.1); DcEst: Duganella callida
(GenBank accession number: WP _135201365.1);
GfEst: Geminicoccus flavidas (GenBank accession
number: WP _200840467.1); LmEst: Lysobacter
maris (GenBank accession number: WP_111267035.1);
LaEst: Lysobacter alkalisoli (GenBank accession
number: WP _208543277.1); AxEstl:
Altericroceibacterium  xinjiangense  (GenBank
accession number: WP _126171883.1); AxEst2:
Aurantiacibacter xanthus (GenBank accession
number: WP_119592109.1); SnEst: Streptomyces
niphimycinicus (GenBank accession number:
WP _216342538.1); SmEst: phingomonas montana
(GenBank accession number: WP_076069632.1);
RsEst:  Rhizorhapis suberifaciens (GenBank
accession number: WP 184473722.1); SsEst:
Sphingobium  scionense  (GenBank  accession
number: WP_188084112.1).

M #  SyEst870 ®9 J¥ 4 M L M 7
SWISS-MODEL ¥ 3 i 17 [F] L A6, 28 L X
SyEst870 5[] SGNH 7K fif B 5 i bk b &
YITR G PbeAcXE M =425+ = FE AL, Global
Model Quality Estimation (GNQE){H & 0.75,

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

QMEANDisCoGlobal {4 0.74+0.06, LA PbeAcXE
() = 4ES51 (B 3A) A BAR Y SyEst870 1) =4k
S5F(1& 3B), 2 FhERFIBTRY = 4ES5 R S AR
HAE - 55 TP TR S8 A L (] 3C), ZBERRHE A
e KAV DX (TR &R 8 X350 R AR IX (e R £ IX 3R
() 2 FERR I I o R [RIVR 81 1 L Ry 97%, 3R
H] SyEst870 M = ZELEFy1E AR 22 0 AR/ X3
WRTLAREAATE, ARG LRI A AR o
U5 TR AFFE Y TAP (PDB %55 IIVN)(H H &
YREME BN B %2 5 1 HAF R i IR A SGNH
FIKAERERY , %8 1 HAA M) SGNH K%K
AR Ay IS K RNy o O = S <
P S AT o-i8E, MR w/B/a ITELE, o-
WA B-AT S B LA A SR (3R, ik =k
PR IR RS 75 (] 3D), SyEst870 —4EZE 4 Fil
TAP FL, o-82JEH B-4r S/ mll ALK AL a3
N, L= IRAR DO (AR R 1 /R (B 3E).
PyMol #4588 156 M O i i = IR SR
BT RTAAE AT, 3 N EIEBRFEIE Ser198 .,
Asp372 . His375 $& A5 HELE 5 15 PE O i 21K
PEFN B A B AL A AR T 25 DIAR G (] 4A
4B). FEAZEILRR N SyEst870 I H O JE il
F1(F14C), SLEPERL T SyEst870 A 4% 4D).,
2.2 E4H SyEst870 BiRIA

SyEst870 A 375 MEIERR, X
T 59 kDa, 7> BHH: 7o B IR AR AE 2840 IPTG
S5 7E 59 kDa 2247 Bl S Rk m A4 (K SA
VKB 2), 5 SyEst870 g /¥ K/NMAR, 4
Y KIEEFE . HRAESS, SyEst870 LRI
E AL AEAE(R SA K 3); SyEst870 & H
Ni HERZEHT Fil 7RI K B2 4 150 mmol/L
(Kl 5B JkiE 5); Western blotting 6 il £ 3¢ B
SyEst870 1E#fi 7k (& 5C kil 1); KA BSA &
[ F vk X 4k 5 19 SyEst870 HEATE i, 4
J& 4 0.286 4 mg/mL .
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80 - M
—-180° 0° 180°
¢

B3 REHHEEIE SyEst870 iR EELE

Figure 3 The result of homologous modeling of SyEst870. A: The three-dimensional structure of the
carbohydrate esterase PbeAcXE; B: The three-dimensional structure of SyEst870; C: The intersection angle
diagram of the a-carbon and the amide plane; D: The three-dimensional structure and active center of TAP
(PDB accession number: 1IVN) in Escherichia coli; E: The three-dimensional structure and active center of

SyEst870.

4 SyEst870 ;&M 0L SRR EEMOKTUN
Figure 4 The demonstration of active central sites and prediction of active pockets of SyEst870. A—B:
SyEst870 catalytic triad; C: Protein around the active center of SyEst870; D: Active pocket prediction of

SyEst870.
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SyEst870
-
59 kDa

5 40 SyEst870 HIFRiA

Figure 5 Expression of recombinant SyEst870. A: The SDS-PAGE detection of expression of the SyEst870.
1: Protein molecular weight marker; 2: Lysis of bacteria without induction by IPTG; 3: Lysis of bacteria after
induction by IPTG; 4: Supernatant after ultrasonic crushing; 5: Sedimentation after ultrasonic crushing. B:

Detect the purification of SyEst870 through SDS-PAGE. 1: Protein molecular weight marker; 2:
Flow-through sample; 3—8: Protein samples washed with 20, 50, 100, 150, 250, 500 mmol/L imidazole
elution buffer, respectively. C: Western blotting analysis of the SyEst870. 1: Protein Molecular Weight

Marker; 2: The purified SyEst870 detected by Western blotting.

2.3 E%H SyEst870 HIEGE M R
TERRER VAR ZHT, 100 pL A 0.286 4 mg/mL
1 4lifk )5 i SyEst870 7E 10—-60 °CHR HA # = i6
P, BOBRIRE R 30 °CAA4, 30 °CZ Rl ke
TR FHR TGN, 30 °C 22 ) bl 25 T B (4 4 Jon ity
G 2RI A R BB 6A); SyEst870 fE
1040 °Cyi [N EA RAFHTNs2 0k, B &
B[] R 4E RS L RB R FFFe RS, 7E 50-60 °CHY
ERIAEE ST AZ , 30 min P23 18] 45 04 Wik IR
A RUTTERT ), K WG (] 6B); SyEst870 7£
BT PREE T R B R TS, FR AR R AN
%, pHAKT 6.0 BIAHE HZE, pH KT 6.0 B Kl
A pH BEIEGIE BH 34 5 3E )N pH i 8.0 A2
Fi(B 6C); FEH IR T Bl Ao [A] 4 RS g 12
WA, pH 8.0 I} SyEst870 (il 1 443 AH % &
ARZS, pH 9.0 Fl pH 10.0 7E 9 h J5 i 1% I 4h B i
FEAR (&l 6D); K342 & 2 XF SyEst870 i i
TECH A, {3 Nit. Cu®Xt SyEst870 Al
WHAHBMEIER, BREEWRER I, X
SyEst870 it I Ay 410 i 4 1 38 5, A [m] v B2 1Y)
Cu®'He Ni™%F SyEst870 F it ik 41 il 1 FH 8 5i
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10 mmol/L Cu* #H AT 1 mmol/L F11 20 mmol/L
i Fe?*. Fe*'Xf SyEst870 A4 I fit F1E F o B
(I 6E).
2.4 FELH SyEst870 XEEFRRESE R
R BE AR

I TR IA L IR A WL AR 25 — AR SR L 4
il <. ok R0 TR G 1) 336 R R & M, Ik, K
T IR AL R ER A 2y R AE e E, A
BTN R R v, R IR BRI Y
ARZY, PR A AR AR RS — PP
AR, A A R A AL 0 LAt 2 7
A 245 2 g Tl TR A 1T P 2 05k R TR TR AR 24 119 g
fife, A0, SRS TR % A e 28 kA K
fift , B 100 mg/L 1Y FJE 0T LUTE 48 h 52 2%
P mkmg PR TR H IRER R R 2y, Bl
A T R Tt Ik Rl P R A TR, A 1 1% 1k g o
fifE DA RR TR, A 2R H A O R ok R R RE D
TEAWFFEH 100 mg/L (1) 288k 33 g Fn 5 14
JBi 5 SyEst870 5 24 h J5 5k B4 W M 17.66,
15.57. 7.13 mg/L, FEfFE2R45500 82.34% (K
7TA). 84.43% (& 8A)FI 92.87% (K& 9A). H
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2 650 3 e ~10°C 2500
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5 2 ~40° S 300
5 550 o 020 | s Ea200
§ 5 0.0 a < 100
<500 g 02 S
m m _04 r L - - . !
450 e
10 20 30 40 50 60 o 1 2 3 4 WD a0 D O A0 OO
Temperature (°C) Time (h) pH >
D E Em1 mmol/L
= 105 ¢ o 12 E=10 mmol/L
= 1.00 + 2 10 320 mmol/L
5095} 5
2 090 g 0.8
% 085+ % 0.6
§ 0.80 | 5
2075} g 04
£ 0.70 302
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Figure 6 Enzymatic properties of recombinant SyEst870. A: The optimal reaction temperature of the
SyEst870; B: Temperature tolerance of the SyEst870; C: The optimal reaction pH of the SyEst870; D: The
pH tolerance of the SyEst870; E: The effect of metal ions on enzyme activity of SyEst870.

B 100 | 144
A 115
120 50+ @@
—=—SyEst870
100} —-BSA on
3 0 1260, a3 ﬁ%ﬁ%.l7|2.7.7|...8|:). RA A YT .|.|.|..| ATV FUVET PV PRV V|
2 80+ R SIE NP I SR R ROIROIC RIS SR STC SR
e (mainlib) 1-naphthalenol
5 60F C _
DU 100 L 57
40
20+ 50 :(—\:’/
0 5 10 15 20 25 |
Time (h)
1 WI 3§ Il&l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Il 1 1 1 1

'19”’9 N ‘9 bQ (\Q QDQ QQ \QQ\\QQ,Q \,,)Q\bp @Q\bﬁ \/\Q \QDQ \QQ %QQ(»\Q ’Q’Q ’f’b N (,)Q @ (\Q %Q
(mainlib) Methane, isocyanato-

7 SyEst870 3B B AIFE AR

Figure 7 Degradation of carbaryl by SyEst870. A: The degradation curves of carbaryl by SyEst870 within

24 h; B: 1-naphthalenol, the degradation product of carbaryl by SyEst870; C: Methane isocyanato, the
degradation product of carbaryl by SyEst870.
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B
100 | 108
r OH
Ao ¢
—=— SyEst870 50|
—+BSA 79
100 i
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S 80| Y
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3 60 L (mainlib) Phenol, 3-methyl-
c
Q
40 | 100 F il
2 ¢
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10 15 20 25
Time (h)

(mainlib) Methane, isocyanato-

8 SyEst870 XJiE K B ) % i

Figure 8 Degradation of metolcarb by SyEst870. A: The degradation curves of metolcarb by SyEst870
within 24 h; B: Phenol 3-methyl, the degradation product of metolcarb by SyEst870; C: Methane isocyanato,
the degradation product of metolcarb by SyEst870.

Broo 121

A

120 S0 - 136

—=— SyEst870 | HO - I
100 —e— BSA 2 | . 77 92” ‘ -
0 A D s zhe P L007sl e

5 80 20 30 40 50 60 70 80 90 100 110 120 130 140 150
ED (mainlib) Phenol, 2-(1-methylethyl)-

20

O 1 1 1 1 1 1
0 5 10 15 20 25

Time (h) 0 3
NIFNENIPNFNIPN PN PN RN PNENEAE N MR N ENR MR N
PR T ATE PP LG A
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9 SyEst870 XI5 /A BB P& fE

Figure 9 Degradation of isoprocarb by SyEst870. A: The degradation curves of isoprocarb by SyEst870
within 24 h; B: Phenol 2-(1-methylethyl), the degradation product of isoprocarb by SyEst870; C: Methane
isocyanato, the degradation product of isoprocarb by SyEst870.
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B IE AR B (EC 3.1) AR R BE BH(EC 3.1.1.1)
A DL I R IR 2R A C—O SRINTS , i A
AR A B AR, 2 W X A 25 O R 28 — 2
4 Ve Z4 TR B4 SyEst870 A T HY 45 i
C-O $H AU o251 A1 53R H R (K] 7B
7C), [RIFE, K A = B R = 1) Ay ) g
SRR FER(F 8B, 8C), F N ELAY T K
Wk 2- 55 9 DR I A EURR H R (BT 9B 9C).
3 w5 E®

H R X0 < P i 2 e T 3 ] T A 245 e fi
Dy HRIE D, 16 FH SGNH/GDSL 7K fifffiff
KIS 5 4% 25 [ A ok B2 00 A 5% o8 2 Ak A% 3 I3
Z RIRZS . SGNH/GDSL /K fift B 2 e A ) T 22
Jg Vi B (EC 3.1.1.3) #1 fig B (EC 3.1.1.1) B &
GxSxG ¥4, b, 1EHEALA S (L&) FEff
PR AR AL S, TAE GDSL Hr, TR
N Z WL N sl K E P
Ser-Gly-Asn-His 4> 34 FI, I, TIFIVRSF I
o, IX 4 DERIETERE 0 41k D) RE Hh R R DG B
YERT o DRASFIRIH 1Y 22 SRR AR R 2R A% 0] A
B2 S BT HEA, PRI 2R AR
YT 4 K A T Jie A Ay 480 BH 5 23 il g Ak
2 AT, ARSIV R A 4 R R A R T
B, AR, SRR Ser HHE
AR,

A A AR 24575 G 1) - HE v e i
W ZFh TR R, e AN [R) AR 25 50 B R A 7 A6
JRiE R O B R 2 B TR N 2 Ak 2 B
i 2 o B TR 22 Y I o4 e il ) F 9 32
P KRR L, HIGR ARG, BREGSA
FIAES S B BR PR 25 IR, T SR 1 S 0k A
R EIEE IR, P SGNH/GDSL /K fiff i 5 R 1E
A 2577 T 5% I AH S 4GB I8 L/, ARG XS
NCBI £ 22 Hh o B 4 2 e 0 1 A 5 DA 91

Z&: 010-64807509

KR, %Il T SGNH/GDSL /K B¢ 1t
JE[F SYESt870 (GenBank & 5E5: CP033230.1),
HEHBRFIKEE R 1 125 bp, 4itd 375 &
R A B WG B2 ERY], SyEst870 5
FoAb AN SGNH G 7K fife It 1) O <17 1 A
PEOLE AR BARRL, Ak priioR, &R
JEHT, SyEst870 ¥ ik 0.286 4 mg/mL. LA p-NPA
HIEY), 1E30°C, pH 8.0 54T, FHEE M &
H677.5 U, Higid W RN 30 °C (Kl 6A),
£ 1060 °CLE N # EA — & mMiGtk, 78
10-40 °Cifit B 35 Fil N S I 7E 4 h 5 AT R4 95%
PUE, HOl AR e Pk B4 (E] 6B); 7€ pH 7.0-10.0
V12 PRl P9 TG (R 7 400 U LU, 50 S pH ol
8.0 Z££i (Kl 6C), TEMRVEIEEH A Z, HIE
pH 7.0-10.0 H' 9 h J5 3R +F 65%Lh 3P (&
6D), J&—Fh Bk PERRRE , %M RS pH = T2
ZE AR (R ZEUBREE,  an 4y 9 B 2R L3RR
T2 R R A SO vp o3 1 S R B TR Pye3 I
Est684, Higid pH & 7.08%, 24 sg hy
Est882 7£ pH 7.0-10.0 54 FAbHE 25 h )5, H
Tl A5l 15 AT LAPR R S0%L)_E, 7E pH 8.0 Al pH
9.0 5 FACEE 25 h 5, HEIREEE RS T
80%LA I, FH%:F SyEst870 HAG HAL R FaE
PE; Nit, Cu?*Xf SyEst870 i HAT B 2 30 7
YR, HBEEWESE, X SyEst870 Jid Ay
il F 3% 5% , 10 mmol/L Y Fe*" \Fe** X} SyEst870
FA TS A VR AL F 1 mmol/L 1 20 mmol/L
i) Fe?*. Fe*'XF SyEst870 A4 it HEAE FH o 0
2(&l 6E).

SGNH/GDSL P& 2 A 2 Y ge itk r K
ffme, TEMIZS . &b, B AR iR
HOVBAERN FNE, T FEZEERAY KRS
B o AR i RE ) FH AR S I, A YR Y S5 A
TRV 2R A A B 5 . Bhat 40
BB S FF B A T I 85 R R B (GpdQ)
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VS —FiA AT i i AR 0 18 2 B RE A5 i L B L 3L
A =ERIEYIRK#, ALFESE e E PR MR A 24
FIRH 2855 770 19 3 A 5 Masaki S8 P70 ST A8 Bk
i (Candida parapsilosis)H 3515 1 amdS Jk K 78
Kb SRR, alifb)s 0K i B RE R AR 2
FHR g, Ufarte EPSMA- B W 3 25 th i
FR IR TR AT T 3R MR 45 # 1k & W fn— Se L
MR TR A 25 AT K A M, O oK SR B R i
KF] 69%LA b AWF5EH SyEst870 X 100 mg/L
() 24 TR TR S B AR 25 W 28 g . 3 K L T 5 N
JAAE 24 h WA HIRESR T 82.34% . 84.43%F
92.87%, FWIZEGEXT FEREE ARG BAT Z 1)
YRR S, Horh S UmR FH R Dy S 00 i
Y, B L R P R AR OE R A H
JRIKTE . i8R SyEst870 ffiE pH A 8.0, {H
G4 P R R E R PR 4 iR RRUE , i AR pH
H 7.0, ARG 53K/ ez [alAsr BHLA [1] 422 5 ey
H5HR 45 G, (R v B R 25 v B 4 mT LA
S AR R, BTSSR, R2K
R o i R AN — S R TR, BT DAAE R
MR Ik e B A e — i ifbzsial, H
J S AT D2 PR T 25 A A 7 [ e Ak b 3, DA
IS R A 24 75 Yl BR B T K il 1 1o FH L e B
Tt AR G ey O B [ Tk (s FH o 72 op i RS
AR A, BN 120 A5 DL 28 M 114 O
SyEst870 /£ 5 SGNH/GDSL ks — b1, fi
I S TR S R S, AWF R A — 2R
9% R Y U B T X A 2 1 T 2k DA e R
SNGH/GDSL 7K fift it 2 % 32 FH 14K 245 O 6 fige 55
FE T SEA

(G m
BB JrRUOT . SRHRE . BRI

IR G e R, B SCERERAE;
R ULEE . WER T RRCHE B
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THI7 WEIR S XUEIH . BamE i, Jrsgx
. 29 SCRr . IRELHRL R PHE G B

16 # A 25 oF RATE 7 W

PR 75 WA AT n] BE 23 R M AR SCII Al
TAERE AT R 2 8 AR R
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