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Expression of organophosphohydrolase in recombinant
Escherichia coli and its purification and immobilization by
one-step method
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Abstract: [Background] As a kind of broad-spectrum insecticides, organophosphorus compounds have
caused serious environmental pollution due to their high dosage, strong toxicity and non-degradability.
[Objective] To degrade the organophosphorus compounds, organophosphohydrolase (OpdA) was
immobilized on NiCo,0,4 and the properties of the catalyst in degrading organophosphorus compounds
were investigated. [Methods] Specifically, histidine tag (His-tag) was introduced into OpdA to construct
His-tagged OpdA, and the His-tagged OpdA was efficiently expressed in Escherichia coli Rosetta(DE3)
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using pET-28a(+) as vector under the induction of 1.0 mmol/L isopropyl-B-D-thiogalactopyranoside. The
immobilized OpdA (OpdA@NiCo,0,) was prepared by one-step purification and immobilization method.
[Results] NiCo,04 was prepared by hydrothermal treatment and calcination. Based on the coordination
between the transition metal ions on the surface of NiCo,0O4 and the imidazole group of histidine on the
surface of enzyme, one-step purification and immobilization of His-tagged OpdA were achieved.
OpdA@NiCo,04 with high stability was obtained under optimized conditions, and then it was applied for
organophosphorus compounds degradation. The high degradation efficiency of organophosphorus
compounds was realized by cascade reaction in the presence of NaBH, under the optimal degradation
conditions. [Conclusion] In conclusion, one-step purification and immobilization of recombinant enzyme
were achieved, and it’s also proved that this study provides a safe, efficient and environmental new way

for the degradation of organophosphorus compounds.

Keywords: Organophosphohydrolase, Recombinant expression, His-tag, One-step purification and

immobilization, Organophosphorus compound
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pET-28a(+)J H Thermo Fisher B4 FRAF; &
F1 5 Marker I Ff MBI A rl; H X #504 T Dr.
Ehrenstorfer 7~ rl; 4-fi5ER By W F AR L RHE 4k
RN ABR AT AR . PR P LR Sk
¥ 0.1 mmol/L . Tris-HCI (pH 9.0) 50 mmol/L , NaCl
150 mmol/L FIHH 20% (IRFLEL).

LA WA RE AT X B GH TRERE Y
(XPS), Thermo Fisher M A7 RN F] 5 BEAL LIS 5
4, b REERHEARAF; B 7B
(SEM), FEI AF]; X HHEATHH{U(XRD), Bruker
ONwls WERW AT, SOANERA ] Rk
R BB (CLSM), Leica {8 PR H] .

LB 8 F: 55 % X1 % 7 4P Oy i i
1.2 A%

1.2.1 EHEFHIEE
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58 DD088220.1, opdA), FFXFiZ e85 dei T35
Tk, A5 H DNA 5 i A R 55 (%
BOE AR EZA NG, HEEE pET-28a(+) 3k
F8 T A B P UL 5 XRo 1T Nde T 4L, HyEE
0 JFkE pET-28a(+)-opdA, FHKHAEAL B2 25 1)
E. coli Rosetta(DE3) ', #4 & & 4 & [E. coli
Rosetta(DE3)/pET-28a(+)-opdA] . H41% 5 20 1# 14 A1
T LB PR (EFHifE RABEE R 50 pg/mL) |, 37 °C
BRI o

PREHYE AL PR T LB AR R L (S R
MRRILE R 50 ug/mL)H, 37 °C. 180 r/min K55F
16 ho SR BORL 4 50 S P2 TokL, 3 R il
YEN I Xho 1 Fl Nde 1 Y15 P-4 T HERE FBLIK
1.2.2 FAEERAYHI&

MR EBRBCA T T 15 mL LB R iAR; 77 3%
(SRR R % 50 pg/mL)H, 37 °C. 180 r/min
THFE 10 h, 2 2% (BB R S T h K RE
%, YA ODgy K7 0.6 B, IALMRE R
1.0 mmol/L fJ IPTG, F 30°CiEF&Kik 12h, R
15 °C 44Z2555% 6 h, 4 °C., 9 000 r/min &5.0> 2 min

WA, FH Tris-HCI 28 1% (50 mmol/L, pH 9.0)
VRS, Jf AN 2R R R, UKTA T R il
% 10 min (200 W, TAE 3 s, [AJEK 7 s), 4 °C,
9 000 r/min &5.0> 10 min, WeE b 35 ED A ¥ A
% H1 SDS-PAGE Hyk %R B A 1507 o

1.2.3 NiCo,0, HI# &

3 3 K AL PR ABBE il £ NiCo 04 1R 45
0.5 mmol NiClL6H,O. 1 mmol CoCly;6H,0 #
30 mmol JRENMAZ] 40 mL LFEERK(25%, AR
Fo)rh, 25 °C i 30 min, SRJGEHRBTREB E R
JNiZ&, 90 °C W 5 h, 6 000 r/min &[> 5 min, F
W, THEM BB KM OB S ved, T,
FFRATE 350 °C TR 3 h (35 3RE, Thilk
A 1°C/min), HI7E NiCo,0, fEk.

FH SEM Fil XPS AL NiCo,04 IITESR 45 FIIT
R4 A XRD 4341 NiCo,O4 RS FIYAH ;
I FH B BRI B 3B AR NiC 0,04 AT 28 B B
FAE, FEHT NiCo,O4 IFLAR A A LR IR
1.2.4 His-tagged OpdA BY—H @ {LFIEIE kL

TE 1 mL Tris-HCl 2% (50 mmol/L, pH 9.0)
HIA—E f& 1Y NiCo,04, HFF(100 W) 2 min {3
W58, ARG 1 mL B, 25 °C TS
0.5-6 h, 4 °C. 6 000 r/min Z.[» 5 min, JIVEMS
40 mmol/L WKMERY S i vk 3 Uk, RIS [ 1L
(OpdA@NiC0,04).

FIFH CLSM #i1 SDS-PAGE Hiyk 43 #r His-tagged
OpdA ) [T AL FTRE R BB L. 558 NiCo,04 M1
At N 2 AR TA)0 2 T B FT Opd A@NIiCo,04
R TE e A
1.2.5 His-tagged OpdA #J 1& 1t & £ #0
OpdA@NiCo,0, HIPEREE %N E

(1) His-tagged OpdA HMEALIEPED . MG
(Tris-HC1 ZZ#9, pH 9.0)F A 5 pL B IEXT i
(G REH, 10 mg/mL), 37 °C FJJ¥ 5 min, 2R
JEHIA 1 mL =5 2ZR(10%, )M 1 mL kIR
B(10%, Fihttl), 308, WO B R (TR
WAFFET, 4-RSERE B A), 7E 410 nm b
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g EE . His-tagged OpdA AL 15 7E 5 X
i #E37 °C. pH 9.0 54T, % min fEfkH HEXT
TR WEREAARAE A 1 pmol 4-Af BRI 1Y) His-tagged
OpdA [ 1 NS T HAL(U)

(2) OpdA@NiCo,04 FJ [ fift 6 ¥4 P12 7
1.97 mL Tris-HCI (50 mmol/L, pH 9.0)Z% i 7 i
A 20 mg NaBH,. 30 uL HEEXBLwE(Z 0 i
#1, 10 mg/mL)F1 9 mg OpdA@NiCo,0,, 40°C F
JZJ% 10 min, 4°C. 6 000 r/min &.0> 5 min 15 |3
W W1 mL F3SS 1 mL EBER (5%, FE)
11 mL NaOH A #(0.5%, JiE )RS, 60°CF
KIS 30 min, M 630 nm ARG EE(E .
OpdA@NiCo,04 MIFFEMEEME X R : 1 min fH 1 g
OpdA@NiCo,04 AL F EEXS Wi M i 7 2E 4- 0
HE R, X BB ZH (Opd A-+NiCo,0.) Y e i 355 1
SEJTEAMIE . OpdA@NiCo,04 111 £ Mo AL 3 F2
W 1,

1.2.6 OpdA@NiCo,04 A T BB L EYIPEMEE
RN E MR R

() FEfg 4 ifk: 78 pH S 9.0, JREN
40 °C, NaBH, K 10 mg/mL &40, F5EH Haxt
BRMEHEEE N 0.05-0.40 mg/mL W%} OpdA@NiCo,04
FEfETEYERYSZ M 76 pH o 9.0, WK 40 °C, H
FEXTER RS N 0.15 mg/mL 5T, 27 NaBH,
P (5.00-25.00 mg/mL), HEHXT OpdA@NiCo,0;4

/ ,"&f \
His-tagged

WALS OpdA  Aleel
: T “': —>p ES "
~‘$"’f‘"’ Untagged ~ 8%

e protein oy
| NiCo,0, # 0pda@NiCo,0,

Parathion-methyl 4-aminophenol

1 OpdA@NiCo,0, Il & Rk id 12
Figure 1 Preparation and catalytic process of
OpdA@NiCo,0,

IR PERY IR ;. %2 OpdA@NiCo,04 7£ pH i
9.0, HIEEXIHRMER NaBH, He 43514 0.15 mg/mL
F110.00 mg/mL 45F T, BEARIR A 20-70 °C B 1)
WfiiG Pk ;. %8¢ OpdA@NiCo,04 TEIRJE Hy 40 °C
L X B 5 A1 NaBH, 6 JE 43 %1 0.15 mg/mL A0l
10 mg/mL Z57FF, ZZ ol pH A 5.0-11.0 B [ R
Tt

(2) OpdA@NiCo,04 Iy Fa & PE #F 55«
OpdA@NiCo,04 737l 53T pH 4.0 1 12.0 &tk
o, EE o B AR R, DN SRR AR R
OpdA@NiCo,04 43 HL T Tris-HCl 2% thi& (pH 9.0)
W, ZrBITE 50 °C Fl 65 °C RIS E —EmIA], lE
HFEMETE; #% OpdA@NiCo)04 73HLT 0.05%1H
SDS Wb, BFEURE, W LR AR TE M
OpdA@NiCo 04 WA T 4 °C AAMF T, @
FE, 2 H AT e . X B ZH (Opd A+NiC0,04) K
FHREAER) A B — 2 B[] (Opd A FT NiCo,04 53 FF
IR El ), I R

(3) OpdA@NiCo,0, 1y & & fif i 1 : 4%
OpdA@NiCo0,04 (9 mg). NaBH, (20 mg)#1H KX}
B30 uL, 10 mg/mL)JNAF] Tris-HCI 2% i
(1.97 mL, 50 mmol/L, pH 9.0)4', 40 °C [ )i
10 min, 4 °C. 6 000 r/min #.[> 5 min, > HcsE
VERANDTEE, WA T IE 4-2 R B
HOFERE 1.25), MEREREEHRAT 5
T o
1.2.7  OpdA@NiC0,0, FF LRt il

(1) %KMW . 7 & OpdA@NiCo04 [
Tris-HCl 2% vp i H im A 2 6 5 8% (0-100 pL),
37 °C W8 30 min, AJFMA ZEH LA Nay,CO;s
W (OTEE 1.2.5), 4°C. 6000 r/min &> 5 min,
RV E TR F 410 nm T A A0,
T 5 Y T Al 1 AN T B

(2) SEBRAE S B X R BE  BE A - BT Y
(L N s 7 TR R S s LR T S 970
WR#(0.38 umol), 30 min J5, HF 3 Bk 20 5IE T
25 mL HRK, SRR EEER(10 mg)i/KE
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WA OpdA@NiCo,O4 (10 mg) KK H, T
25 °C Jit® 30 min, 4 °C. 6 000 r/min 5.[> 5 min,
BB VRO TR 4-A AR T Y
2 HR554W
2.1 His-tagged OpdA BIRIA

TR pET-28a(+)-opdA BEAT X EEYIKAIE,
45 5 R BB A% RS R 2% R BRI (R /A
F, ULRHEA BRI ERS), HAWE IPTG 5%
Jr A5 E RIS WGE 1 SDS-PAGE 3B, 45 4
Kl 2A iR, £ 38 kD ZeA7 Ak BB i 2R 1 450t
(#ikAb), [N His-tagged OpdA H 474 His-tag (£
2-3 kD)2 PRI R K TSRS T OpdA
(35 kD).

W#EE IPTG 1555 His-tagged OpdA ik %L
B, Ll His-tagged OpdA Ak AL B ZE X B
RS, Qi 2B R, EEZH S IPTG 5 A G
55 HR R B S I S VTR B, U
XTBiE O AR 4- R, gl SRk — 2P0
WITE41 28 IPTG % 2J5 . His-tagged OpdA 31753
ik, HAEIEYE, 322 U/g-sE1A .

[El 2 His-tagged OpdA B SDS-PAGE 4> #f(A)FN{E{k
R & X HR A BT PE AR (B)

Figure 2 SDS-PAGE analysis of His-tagged OpdA (A)
and degradation of parathion-methyl (B)

TE: M: &E[E Marker; 1 #12: IPTG 555 MHIERE K L H
TAHEAL TP IR BB R B SV s 3 AR 27 T LGB T
A R X B AR AR A ) S IO

Note: M: Protein Marker; 1 and 2: IPTG induction; 3: No
induction.

2.2 NiCo,0, KIE

K 3A Fr7n, H NiCo,04 Y SEM RI A LIE
tH, NiCoO4 IRIES I —, HAEHN 4-5 pm, F
LA 2L IR o F & 3B AT AT, NiCo,04 23
S FLEE R BT EL A 1 TV R BRF A B 450k, A FL
FK/NEHTE 2.0-12.0 nm, i BET il BIH %554y
Mol g, HEERMmMA R 50356 m’/g. FLIEF R
0.204 6 cm’/g, W] i His-tagged OpdA HE A2 (1 fit
EOL, AR R S 2 AR = AL I

it XPS FAEHT NiCo,04 IITCE A K. i
Kl 4 iR, NiCoyO4 %A Ni, Co BiFPid 48 &
T EI4A N Ni (I RIS (S IE5R 1R XPSpeak),
Ni* HHIE I A3 BIFE 855.76 eV Hl 873.99 eV, Ni*"

A
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—_
(=3
[=}

dvldD (cm’/(gnm))

0 20 40 60 80 100,
Pore diameter (nm)
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Volume adsorbed (¢cm?/g)

N
wn

0.0 0.2 0.4 0.6 0.8 1.0
Relative pressure (P/P,)

Bl 3 NiCo,O, B3 FL 5EE (A)FR N, IR B A Bfi il 2 ()
BEAFLIZS ) (B)

Figure 3 SEM image (A), N, adsorption/desorption
isotherm and pore size distribution curve (inset) (B) of
NiC0204
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Figure 4 High-resolution XPS spectra of Ni (A) and Co (B)

A B

(440)
(422)(51 D

NiCo0,0,

Intensity (a.u.)

OpdA@NiCo,0,

20 30 40 50 60
26(°)

AIHEFIEIEAE 854.02 eV F1871.87 eV, Kl 4B /R Co
(AN IR, Co> Il Co™ HARMEIE /3 BITE 779.2 eV
F1794.42 eV J 780.87 eV F1 796.11 eV, iX£E Ni,
Co & T WAF7EA R FF1 His-tagged OpdA #1155
P FfF, A His-tagged OpdA FU4EFEEE SRR
TR R A

K 5A 4 NiCo,04 F1 OpdA@NiCo,0, ) XRD
FRAE, NiCo,O4 7E 20 N 18.9°, 31.1°, 36.7°,
44.6°, 55.4°, 59.1°F1 64.9°4b ¥ T B W AU 5
I, X5 NiCoO4 1 #5 #E Kl i (JCPDF No.
20-078 ) UEAHWI &, UL B NiCo,O4 fh 58 %
OpdA@NiCo,04 [} XRD K% NiCo,04 —2, IE
] OpdA 11 [l 2 AL B AT U AE NiCo 04 1) f US54
%45 His-tagged OpdA FIEEILTEIL, MR
fRoe N E X i rhric, 45RE SB FR, #ot
B W R OpdA@NiCo,0, IR 15
Jt, IEH OpdA@NiCo,0, #l il B 5C N
NiCo,O, *f His-tagged OpdA 45§ 5 4 W B
SDS-PAGE 43#r, Xf A, OpdA@NiCo,04 %2
400 mmol/L WKMEZE whif eI f b 5 W AN AE
B — 25 (i k FoR), FLf7E RN His-tagged OpdA
s LB MR, U6RH His-tagged OpdA REWE 4T 571k

Cxo M 1 2
180 —
130 —ss
05 —
72—
55 — -
-
——
34—
26— -
17—

5 NiCo,0, 1 OpdA@NiCo,0, 7 XRD Eif(A). OpdA@NiCo,0, It B & EHMERE(B)F NiCo,0, 3t

His-tagged OpdA £ %05t SDS-PAGE 43 #(C)

Figure 5 XRD diagram of NiCo0,04 and OpdA@NiCo,0, (A), laser confocal microscope picture of OpdA@NiCo,0, (B),
and SDS-PAGE analysis of His-tagged OpdA adsorbed selectively on NiCo,0,4 (C)

d: M: B Marker; 1: HIERE; 2: OpdA@NiCo,04 £ 400 mmol/L BRIMEZE w1y LI

Note: M: Protein Marker; 1: Crude enzyme solution; 2: Supernatant obtained from OpdA@NiCo,04 washed by 400 mmol/L imidazole

buffer.
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Z5E7E NiCoyO4 b, 1 HLH AT 33 A8 757 R 52 1 ks
Ve M OpdA@NiCo,04 Ve, #E— 15 B
NiCo,0, A] I F¥ His-tag B (1940 B alifb FsE
I 41 5E Ak o
2.3 ElEWIEBREEMSIL

T NiCo,O4 1Y Ni 5 F-F1 Co &5 F- A HH AR
(KPR ETE BB ALV E T, AR B Y His-tagged
OpdA FESEMHE ] [E 2 5] NiCo,04 I, B NiCo,04
Y His-tagged OpdA ¥ Hu 451 Kz [ % Ak Bisf 1] AT 552 1
His-tagged OpdA %[ (LR, R i 72
ZZ, HE 6A fi, Bl NiCo,O4 SHLE G
B s m, EEfEst T REESR, m
OpdA@NiCo,O4 1 [ fff 1 1 522 B A 3 R 5 bl /N iy
e, HEREfAERA 3.11 pmol/(min-g), LAY
NiCo, O, SHIBHE T EEH R LGy 4:1, H1& 6B
AR, BESEE B, R e NS
FoVAF, TEWFE 3 h BPURFR RSP, a6
N 35.70 mg/g-NiC0,04-.

M & 7A-D WAL, 7E B OBE X vk BE R
0.15 mg/mL. NaBH, ¥4 10 mg/mL ., [ iR
40 °C Fl pH 4 9.0 24T, OpdA@NiCo,04 1R fi#
TR
2.4 OpdA@NiCo,0,f2 E

OpdA@NiCo,04 ) pH FEMEUNE 8A PR,

_ 135%
S £
S 50} g
3 30
Z g
20 3
%I) 40t 42.5 >
gn \{\¥\i | =
A= 2.0 9
o [
£ s g
£ 158
2 =
o fa
= on
&~ 20 L0 &

T2 3 4 5 6
NiCo,0,:Total protein (W/W)

6 NiCo,0, 52 & H Lk & M (A)Fn IR §f A 8] 520 (B)

16 pH 4.0 X144 N2 3 h )5, OpdA@NiCo,0, RET#
B HA A ARG ER 16.44%, T OpdA+NiCo,04
WL 2R £ pH H 120 B,
OpdA@NiCo,04 HBE f& +F I W 4f % f# 06 1
69.09%, 1 OpdA+NiCo,04 N 31.27%. Z5Hik
BHAHXTF OpdA+NiC0,04, OpdA@NiCo,04 A H i
) pH ek, X 42 T His-tag Fll NiCo,04 Z [ ()
¥ 5 SE FIME &2 NiCo,O4 A L &5 #y , fii
His-tagged OpdA # il & FHEALIR ) NiCo,04 K I1H
FAFLES, R FIRIESEA 220 His-tagged OpdA
e, BELENGS pH A AR SRS, iR
T OpdA MtasEME,

WK 8B frn, OpdA@NiCo,047E 50 °C 444
TR 3 hE, HEERIE AT ORI AR RS
) 54.08%, T OpdA+NiCo,04 (N M)A MGV
) 21.33%; 65 °C 4fFF, OpdA@NiCo,0, FlI
OpdA+NiCo,O4 73 BT AR Ui P AR TE LAY 15.14%
561% . X #6445 L KB, OpdA@NiCo,0, %
OpdA+NiC0,04 X HIF T35 [ 4 G2 i B A7 B A1)
HhiaE . oA His-tagged OpdA #f [ Efb)m, 14
L el SO e I R T OB 5 S G
T His-tagged OpdA FUHREENL S, TN T =i T i
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Figure 6 Effect of the ratio of NiCo,0, to total protein (A) and adsorption time (B)
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Figure 10 UV-Vis absorption spectrum of 4-nitrophenol
(A) and relationship between absorbance and
parathion-methyl concentration (B)

IR ATV KSR F KRR, e 3 A0
FOE XF a0 B BR AR, AR E R HA R
OpdA@NiCo,04 5L 55 2 V5 W B (0 A8 ¥, 1A i ™=
AT 4-HEARBm . WK 1 Bron, §A
OpdA@NiCo,04 1Y 52 5o 2H Xof FY BE X it 835 114 25 BR &%
R T HARPZ, Uil OpdA@NiCo,04 FIH
TSR i B X B () R A
3 wihE4R

A BB G P B R OACR & L B iR T
J7L AR AR ER SRR AL, BT A GRS
AR, DURAPRAEY) S0 32 35 B F T
PR R, AW, BTHTZ BAAG A
M, SEOER R E R Edbr, X3 K
IR IS B 3 U KU

AICR T OpdA AL A MLER L GV REfR, (H
W M AFAERT RS BURE . Zp kG . MET B
SEWEA B, PR TN VO, TR LA
EACTT DASE IR DA B, ST I, A SCE ety gt
T His-tagged OpdA, FH] His-tag 51 I 4@ &+
RS R A EHER], S¢8l T His-tagged
OpdA MIEIEML . HARBFSE il R 2 A SE TR e rpr 4R 2]
SRR F Agrobacterium radiobacter P230 f*) OpdA )

120k [X]OpdA@NiCo,0, = Fruit cleaning salt
XY Tap water
100

IR )
PN s N
EINN N
= N \ N
o 40-\ s \
20—\ \
0 > C;eir?):/\ o \Blueberry > Waxberlry

Types of fruit

11 OpdA@NiCo,0,. & R7KRFFEFIB KK
BB AR A R A BR

Figure 11 Removal of parathion-methyl by OpdA@NiCo,O,,
commercial fruit cleaning salt and tap water

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2104 A

Microbiol. China
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