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Expression, Purification Strategy and Detection Method Establishment
of Anti-Fenitrothion Nanobody
GUO Pengyan', XU Zhenlin', CHEN Zijian>", SHEN Xing""

(1.College of Food Science, South China Agricultural University, Guangzhou 510642, China;
2.School of Food Pharmaceutical Engineering, Zhaoqing University, Zhaoqing 526061, China)

Abstract: For the purpose of preparing anti-fenitrothion nanobodies with high-purity efficiently, the expression conditions
of a recombinant anti-fenitrothion nanobody with low expression level in E. coli was optimized. The IPTG concentration
and inducing temperature were selected as the independent variables and the nanobody expression level was used as the
dependent variable for single-factor experiments, and the purification strategy was also investigated. The results showed
that the highest expression level of 6 mg/L anti-fenitrothion nanobody was achieved at 37 °C without IPTG. Moreover, an
interactive effect of IPTG dosage and inducing temperature was found. After a two-step purification of Ni affinity
chromatography and gel filtration chromatography, the anti-fenitrothion nanobodies was finally yielded with more than
98% purity, indicating that the expression and purification strategies in this study can obtain anti-fenitrothion nanobodies
efficiently. An ic-ELISA assay was then established based on the obtained nanobody, with an ICs, of 5.81 ng/mL and an
LOD of 0.25 ng/mL, and a detection range of 0.78~43.07 ng/mL. The assay was applied to determine fenitrothion in
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Chinese cabbage and lettuce samples. The recovery rate of addition was between 93.3%~111.7%, and the coefficient of

variation (CV) was between 2.3%~18.2%. The proposed assay based on anti-fenitrothion nanobody has high sensitivity,

which can meet the requirements for monitoring of fenitrothion under the national standard, thus can be used for rapid

screening of fenitrothion. This study laid a foundation for the development of efficient and rapid immunoassays for

fenitrothion.

Key words: fenitrothion; nanobody; induced expression; purification strategy; activity identification
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4. REEMZEEZARME GB2763-2021 X A MEA7R
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Froxx 2\ Fl; PAGE Gel Fast Preparation Kit [~ 7f4f
fitg A= 4 25 25 Bl H7 44 BR 2> E] 5 Ni SepharoseTM 6 Fast
Flow. Hiload Superdex 75 pg 16/600 Z#14: Z&[H
GE Healthcare 2~ 7); DTT iR T AL B A
14> FR 4N @] ; Protein Marker. DNA Marker 3£
Thermo 2\ &]; ultra GelRed(10000x)  Fd 5. Vazyme
4N F); MonoRabTM Rabbit anti-Camelid VHH(HRP)
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¢  ZE[E Bio-Rad 2 7l ; Nanodrop 2000c {435t
FEEEAY  3EE Thermo 43 Fl; Sorvall Lynx 4000 ## =y
B EFEE LML ZEE Thermo 2 5] ; Multiskan MK3
fiARI  ZE[E Thermo 2\ F]; Wellwash MK2 A/l
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HLPFIR SR TR A 28 110 = BT R b AT R
L7

1.2 EWHE

1.2.1 PINQ-VHH-sm6 Fufi{2 B 551k S22 i
WHIES & sm6 F L TR RAT H M BET7), 2R
F] 10 mL Kana $it4: LB WAAE IR 51k, AR
NPT S A T R PR R, $RESE S AR HL Tk
ATHEAIE, K 1~2 pL LRI A Bz 25, f
RSB T vK/KIE 30 min, 35 T 42 °C KIBH A
5 90 s, ST EIYkIK Y 2 min, B /S I 600~800 pL
LB #5353, 200 r/min. 37 °C ¥ 53% 1 ho 35
FEIE BB 12000 1/min 25.0 2 min 7525 K
I, B 150 L $#FA TR &, ¥4 T LB-Kana P-4z,
F 37 C EEE TR PRI E B TR 12~16 h, KR
— T o

1.2.2 PrAIEGREEAURPUAR S ZMAIL ELik
J& B EPRECA TR E] 10 mL LB-Kana A 7%
Fer, 200 r/min. 37 °C JRGIEFRAR . BUHEILIYEE
WA 1:100 19 EL@in A Bl 2xY T-Kana W35 72 3¢,
37 °C. 250 r/min 7 5552 BIXTEO, K 08w LA RS
10 mL 43255 50 mL #0048 P s SRIE. 5T
TR WEEE 37, 28, 16 °C, TS5 IPTG FHE43-51
K 1.0.7.0.5. 0.3, 0.1 mmol/LP?*, F 250 r/min &
WA T #RIA 16 h, UBERAFERE 5iFSRHE T
i H R AR IRTE A . R TR0 TR MAE 12000 1/
min, 4 °C &M FE.O 5 min WWEREIK, 775 Hig.
SRS i R PR U B R ), A IR R A
A 70 puL 5¥TES, AR, —80 °C 417 3 h, HU
JEHIA 210 uL 1xTES, &= & A B AWK, 16 °C.
200 r/min ¥R¥%%FE 1 h Ji5, T 12000 r/min. 4 °C %
P FES.L 25 min, WedE B3, BN ERE A . FASE
IR FRYE R M SDS-PAGE HLJKIGIEZR A
THBL

1.2.3 PrAMEGRBEA KTl L

1.2.3.1 ZEFZENraifk >R Ni Sepharose HP 5 mL
SERIAEXT b — 25 I 8 s AR R T2 — 2 R sl
b, B Yo FH 45 & 2% % (20 mmol/L Tris-HCI,
300 mmol/L NaCl, pH7.4) #47 4L, 4kt npyk 5 4~
AR FR T, 28 T H v e e 22 wh % (20 mmol/L Tris-
HCI, 300 mmol/L. NaCl, 500 mmol/L Bk, pH7.4)
PR BE EA TRB FE VR, 76 50 min N PEIHZE vhik i) He
B BN 0% 33 hIn E| 100%, X 3 B g 3 47 Wi £ I
Nanodrop W25 ¥R, Ml SDS-PAGE HLyKXT4lifl

SR IEATIGIE . BbA, S T T 22 2T I 2lifhaL
HL, IR Bf SR FHAE 45 6 22 oh i RN 8 it 22 vh i v Jm A
1 mmol/L DTT AYSEME, FRERXFAASCR 20
1.2.3.2 EERCUEEMNTE SR Superdex 75pg BERE
AR TEE P alifl . o L —2Palifb S 3] 09 R HEE TR
JH 3000 Da 1988 384 Ik B & 0wk 45 2 5 mL,
1.2 A3 A FR % SP- i 22 1 #E (20 mmol/L Tris-HCI,
100 mmol/L NaCl, pH7.4) 5t f5 #E47 LA, 4%
SEmse 1 AR, AR5 i R/ N AR L AEANTH]
A ) e 056 R, A B 4 3 4 T I 04 E 4T SDS-
PAGE Hi,3k561E, JH Nanodrop 5 H A FIHRE
1.2.4 [8]8z ELISA Kl rakgsr  FIFHsifbE 20
PUARME GRS AN KPR EE ST (A4 ELISA Jrvk (indirect
competitive enzyme-linked immunesorbent assay, ic-
ELISA), XTHURPUARPIKINERESEL FPEHT, B ST ARUE
AR, ELARBEALBRANT . AR A IS AR B
PUFEMBEZE 0.5 ng/mL, A ZE] 96 FLAG R, F3FL
100 pL, & T 37 C {ER/KIEHTIEE 12 h, J PBST
Vet I W] 3 he #£ 0.5 pg/mL A gk 554F
T, MZE P 450 nm AR SGIELE 0.8~1.5 Z[R1Y
PUARH EEVE N TAEMREE . K 50 pL iR TAES W S
50 L AS[A] ik BE R I R s E TS R R FL IR A,
37 °C WFH 40 min J5¥EHR 5 K. FZHE 1:5000 [ LLA)
JH PBST ##¢ anti-VHH HRP —#, F:FLIIA 100 puL
—Pt, 37 °C #F 30 min JE IR YR 5 K. Bl
A 100 pL AW 37 °C ¥ F 10 min, ] 10% H,SO,
2Lk S o BRSO RE 1S 450 nm AL IROGIE,
LL B/B, fH PN bR, LIS WS Bl 247 40 ke B hy A Al
w, ot B S AERI M BEFR BE M ULAE, B, Shas FAFLIY
WS, $ULA PR T R A :

(A-D)
Y= v x/oB1 "

o, A 25 BE B ARBST XTI, X W IKU(E s D 2
A BE B v BRI PR OB C b sk B, 2 2h
YIS T C ZWRIBE N (A+D) /2, &b T £33
SR, KR RN R 1C s B 2R A BEIHFREE, R4}
HHT
1.2.5 SEBRFESAEIN  FESATALFE DTS GB
23200.113-2018 #H47: EHSEFIAE S LBRIRER, 235147
AT, WETMFRELST AL S, 10 ¢ T 50 mL B5.0: 4%,
A 10 mL 2K . 4 g e, 1 g &b, 1 g #7715
FR4EM . 0.5 g FPERIR A —4RAN 1 Wikg &t 1, R
JRJE 1 min, 4200 r/min, &[> 5 min., "HL 6 mL &
WA 15 mL .08, A 885 mg #ifiEE . 150 mg
T RE-N-TN BRI (PSA) £2 15~45 mg A4
b5 2B (GCB), W EIR - 1 min, 4200 r/min &5 .0»
5 min. A T RITLATANERAERE, FE SR IR A S A
RAZ%, FH PBS B2 — e fiUa i T ic-ELISA
iUl
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>k Microsoft Excel #1780 PR G i1, Ir A
BRI R 3 UROPA TS 5000 2 25 S 1) - B R v 22,
F->R A Origin 2018 {4 (3£ [E OriginLab 2\ H]) X 55
BT ST
2 HBRESH
2.1 IRMERBICKININESRIASZ ML

TR PR INRIEKERI T AR Z, an
Xof S i TP A A TS ORARRO Y L 55 A
(GroES. GroEL. DnaK %§) . #1Z&##(PDI. Dsb ZKJi%
L) o TR A 2E3R0 3, DL R e R ik g A
A FEAF, MRS IR SR APl AT R A R0
Jrid, AT LGB AR S IS SR e R e e R 5
Fer s FE Y B A5y AR i A AR AR A
K.

AWFFELL 37 °C. 1 mmol/L IPTG YE NV IA Rk
A%, B TR, S0 37, 28, 16 °C &A%
TREATIES, FAENEEA IPTG AR SLAE X R,
RIS R 2R A AT R IR ISR, 45 R E 1(a) BioR .
TE 1 mmol/L IPTG 54T, HWE HRIAHIEE TS
SR BEFFENTRRAK, 75 16 °C FifS:3iaHilE 209
R E R H R . SILEE, REEA IPTG
P iXT FRZH BB E H 3Rk, HERAERE, Uiix
L R ATAEIINER G, PR %S SR ek B
ift.

JIITE 16 °C FXF 0~1 mmol/L ¥REEJEFIRY IPTG
R TR, 4R A A SFIHEX TERANZE
BEEIFA K, H5 T IPTG &4 F iRk
i, PSRV 24 AR RN BT ALV E 1 AR 25 1, S
Iz SR BRI T 3R IR, FRAE AR N ER R Sl
FTIRRE . S5 G HAEARE], i 1) R, B
H SRR = FEIR B TR i S, 78 37 C TRIAE R
=1, 5 1 mmol/L IPTG FHEYZESRIELFAHIZ, 1P Nbsm6
FFRIR KT Bl R B ) AR f a3 5 IPTG A= %5 YIAH
5%, R[EA IPTG & &4 45 Nbsm6 43k /K KRR

BEASL S FAR S A, 55 IPTG &4 F, alisEE &
e BEIRE TR T REAR; JC IPTG &4 F, nIEE A
B e AR T TGN, [RAREAE S R g 3]
PR S R AR AT BT RA IPTG
A FEAFRBFE AT RES A AR A K
HIXEAE, JEEZE T IPTG A< B 103 L R S5 15 ik
RI P 55 R RIA AL T R T A E IR BT, A T
KIGFFEERA I dE . teah, SEZHEE P PES [ A &)
SN BRHER W« 4 A0 H TR AR 0 B P S R i) B 4R
A KBS KR H RS B NSRS TPTG MREERY
HEhN T ICRREE N, TPTG e B 3 v 5 i 2 a4 1T 52
Wi SR A, AIFST & B SR AR R, IPTG %)k
JaAT B M B EVE RSN BE fd, LSRR T B2 iR Ak
JinsEE T R 2 AR P 26k LU R T AR i R
B, K T R SR A B DA S PN IR SR A TS FE,
PE—HYl R T IR A RD ), B B TR
FA #2358 7K 35 MAEJG IPTG W, B kw23 m] DSl
FAPUATE R S TSRS P .

Bk, X HH AR A T 3R s i 45 BT AN RE 2
IPTG X K AT PR 04 B 1T FH 8 HE X AN TR 7RLRE f i
BB, W [R5 1 B RN g5 S Tk 3 119 38 B350,
DA R e A2 SR, ANRE S 3 of B PR 21 S B0 A
PURI BAETGR &, BOZEASFREF IPTG WA
AT NAFTE . T3, TEXTHURRZR IR ST Al
A, ANBE 2 A [F] DA 2 X B AT P i s ), BUAATE T
%) REATORE B 225 ) FORG M 2 2R . AP 98 ' Nbsm6
B R IR KA ELE 37 °C. JG IPTG 514 AT, 1
BETARALBIAE 37 °C. 1 mmol/L IPTG 451 FE 3R
ikHE 1.565 mg/L, b5 IRiA N 6 mg/L, /&
LRI 3 £5A_E
2.2 iALhLRES L IL

FEEEEO JE BT 1, SR Ni RAE 2R kit
1188 —Halifh, 25 R E 2(a) iR SEFZENT
J& 18 kDa Zef74 W i H B s 4, (BAKSRTEAERE
AR, PR AEAR TR B S i R A T RAEPY,

@ M 1 2 3 4  ®» M 1 2 3 4 5 6 (@© M 1 2 3
180 .
130
100
70
55
40
35 ]
25
—— — - —
15
10
K1 bRk sl
Fig.1 Optimization of antibody expression conditions

7:: (a)1 mmol/L IPTG TiFRIRIE ML, 1-J0 IPTG, 37 C; 2~4 4354 1 mmol/L IPTG, 37. 28. 16 °C; (b)16 C T35 &
1k, 1~6 435142 0. 1. 0.7, 0.5, 0.3, 0.1 mmol/L IPTG; (¢)JC IPTG &4 FiE FIRE M4k, 1~3 2352 16, 28, 37 C; M: B

Maker,
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(b) 2400 p M 1 2 3 4 5 6 7

2200 p — UV -+ {100 180w

2000 F = - Cond B %(3)8 —
S 1800 f 180 70 | -
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E 1400 leo & 4( -
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208: 1234567 1o 15

900 L . c LLLIT 0
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K2 SRAnaife B &gk K& SDS-PAGE HLpk ]
Fig.2 Peak diagram of protein isolated by affinity purification and SDS-PAGE electrophoresis
TE: (2)Ni AR DTT); (b) 7% DTT ZEnif Ni HERMZifl; M: #H Marker; $07 4 5 A UR IG5

T 8 22 BRI Bt e 2 AT L Bl B — A g vl ok,
W] LA I AR % pPRAR R L pHL DA R 45 1k
PR AAERERD . ARSI R SE AT I S% v
WA 1 mmol/L DTT, F) FH HIA JFAE FH IR 2%
ARG, 1D 2= A SRS G 68 71, liik
P EEIFEAMBEK . K 20b) BN TE b b
A DTT Byaifbs e, 7T IFE HFE 1 mmol/L DTT B

1400 sm6
1200 f
1000 f
800 |
600 |
400
200

0F

SNIBUE (mAU)

S

0 20 40 60 80
VEMLAFR (mL)

100 120 140

YEAT, KO T2 A g &, (a8 b E s
HEREE, HorFaiek, BEibiE—2H R s
SR> TFEERZBREA . SGRUNE 3 Uimrs,
ze sy Fimialife)s, Fyk el SRR /R TE 18.6 kDa 405
TR AR R H AR, BfE T Bk alife Ty
2, BT RS 9N KPR ZE Image T 85453 Br 4l B 3k
%] 98% LA I,

1 2 3 4 5

M

180 ___

130 w—

R <O —
55 -

35 -

25 -

sm6 4—‘“.-‘ﬂ

15 "

B3 BERCIL U2 T o0 B 8 5] [ SDS-PAGE HijK 4]
Fig.3 Protein peaks separated by gel filtration chromatography and SDS-PAGE electrophoresis
TE: M: 211 Marker; 1-BEE I 82 HTHTAOBUARE s 2~5- BRI I8 2 M5 BB

2.3 [E#E ELISA #7552

TEALWEHR BN 0.5 pg/mL, PUAARE A 900 ng
Bt £ PBS £% s i o i 57 PR B AR B 2N K B iA g
ic-ELISA #rifEihi £k, 451 &l 4 Fos . LAk mi ke
SEPUARKS R (IC, ) A 0.8 ng/mL, ZePEVE FEIh 1.5~

10.9 ng/mL>"; (LA JG PR AT 25719 ic-ELISA Jrik
1 ICso 24 5.81 ng/mL, £t R (1C,,) & 0.25 ng/mL,
LMV 0.78~43.07 ng/mL, AHESTULALRT T TS
EAEAS BRI G ] E#RA$ETE. A RTE 2e4iE
A T A MR B v R TR E 2 AR ZR TP S 1Y -
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Lor A, MiFERE 10, 30 f5RObRIEITZE S PBS FrdEfliZe R

sl B EER 2%, SRR S P RIS 1 e ASIICR .

L E RIS 20 i T B S B 50N 14 Fae /N B A 2

" 0.6 G I £ M 7 L A 0.33~46.08 ng/mL, i J& 5 R Ax

15 0al 7 GB 2763-2021 HRILE i k8% B R A RAERIAS I o
AERE S TP ES IR A s =7 Y R A B b v

02 2454, R JH IR AR AR B 5 A BRRE B, ic-ELISA ¥

ok T & P P A IR AR, 25 R ANER 1| o, PP SRER R

A Y ENRCRAE 93.3%~111.7% Z 8], Z8 7 2 E(CV)

1072 l(l)" 160 IE)' 162 12)3 16“ 165
BB WA (ng/mL)
Kl 4 PUREBRBEAORPUA ic-ELISA FrifEhiZk
Fig.4 Anti-fenitrothion nanobody ic-ELISA standard curve

ELISA J7¥% ICs, 475102~ 8.72 ng/mL"", 120.7 ng/
mL"), ZTEREDTMA LOD & 12 ng/mL!", 3T scFv
i ELISA J5% ICsy N 3.4 ng/mL™, ARBFFTE 22 K3k
F oAb A Ak 5 #1559 Nb BT 84 57 #5508 B i ic-
ELISA il J7 5 H Al S HaE md 5T s e b
ELISA Kl 5 v AH bb B B i g RS, 5B 1
T Z PP UATI scFv B9 ELISA J7 ¥ R A A 2Y,
F AT T il 7 ARAS PR B AR B 2 K bR HAT
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Table 1 Additive recovery experiment of two vegetable
samples
e NN IR 2 mlES A B
m (ng/g) (ng/g, n=3) (%) (%)
1 1.1+0.2 110.0 18.2
3 6 6.7+1.2 111.7 18.1
36 36.4+0.1 101.2 23
1 0.9+0.1 93.3 16.3
37 6 6.5+0.6 107.8 9.1
36 36.71.3 101.8 35
:I:\
3 i

AT S AT AR BE A K BUARTE AT
RIS FR TP TR AR, BN T EAH AR e R B
AT PERA AL, AT T AR S S D ORI AR A
KR atifeis . g ttis, TSI s sk
IRIFaliAAS 2 S L DU R BN K BUA, ik ar
k1 6 mg/L, 4k FE| 98% LU b, bR, ic-ELISA X
A AT BN AR BT ARMERT ZIEA TR PESEE, 45
/R ICs, “~ 5.81 ng/mL, ##HFR LOD & 0.25ng/mL
PR SR PSR Sl A T SEBRAR SAGI , HAG I
JEHEIS 0.33~46.08 ng/mL, REULH I FEIARKLE 1Y A3 1
ThiE iR R B BRI AT SR, ST A R AR i R s A
PERGINTT VAT RS, W R S TR B2 KT iA
Z548  ThRe SAHEAE VLRI SEE T 564t itesh,
WFFE A T R BAES SR o S Y IPTG i35 77k
BEXTFIR AR B FERE ELOR, AN T8 IR AR,
AFRITHE A BRI RIS AR RARAT IPTG 5
TR P X AT 1 PR A R A RS, HLis
TR B 55 SR X PR BT I RIS FTE S T RK
BL, HZJE KRBT R R T 2%
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