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Abstract: Bt toxin is a kind of biological macromolecular protein produced by Bacillus thuringiensis, which has specific
toxic activity for many common agricultural and forestry pests and even health mosquito vectors, and is a green insect-resistant
material with great economic value and ecological and environmental benefits. However, with the long-term use of Bt toxin prepa-
rations and Bt-transgenic crops, the potential risks of their exposure, such as driving the evolution of resistance to target pests
and cross-toxicity to non-target organisms, have attracted much attention. Therefore, monitoring their residues has become an im-

portant part of agriculture, food and environmental safety risk assessment. This paper reviewed the current status of research on

N the application of Bt toxin traditional preparations based on
Yo7 H 5 :2024-03-13

EEWB T AR E 4 M ETH (BK20231384) 5 [H 5K A 8%
Bl 4 R I H (31630061) 5 [ 5 &8 5 F A& 3 X B

microbial expression system and transgenic insect-resistant

crops based on plant expression system, as well as the poten-

W FEI B A 7 55 42 391 ( 2023YFE0109400) : 1T 3548 4 . tial risk of resistance to target pests and cross-toxicity of non-
FRIF LA F [ CX(22)1009] target organisms, and summarized the research progress of
e IR TR (1987-) 3 WG A 14 BRI 5, M immunoassay for Bt toxin residues monitoring. Combined with
FAON A 5L FE Y B 5. (E-mail) hhxyxex @ the latest research results of our research team in the creation

163.com of Bt toxin-specific genetic engineering antibodies and the
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targeted design of Bt toxin anti-insect mimics based on the popular phage display antibody library technology in recent years, the

innovative research and development and application strategies of new safe insecticidal proteins based on Bt toxins and the future

potential development trends and feasible shortcuts of technological innovation in the detection of toxin protein residues were dis-

cussed. This paper can provide valuable literature and new ideas for further research on Bt toxin.
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munoassay

Bt 8 3R J2 71 &5 4 A FU KT 18 ( Bacillus thuringien-
sis) AR A 1 B e e S AT ) BT D RE A 2R W)
Ko FHE A, E AE i 24 19 Bt 7 R 45 Cry,
Cyt ., Vip Fil Sip 55 4 KA QI TT 00042 FhEAY
EANTHIAXS 775 R Z A T25 000~ 135 000 Da, 7%
QB SR EEE H S H G E AEEE R E
J 2 B g A 25 22 i DL AR JURT T AR I i
R B R ML RIS e
R ZHOW A #EAR T H A/ FPLT A e o 5
AFNE AR r fi R A R AR AR S P B 1 32 AR B R )
I AR T B 18 T RE T AL R ZE L ,
AR m kAR EEZHEET . HAT, Bt #
R LA W 335 1 50 A S R AR IR ) 2
MTHRGERG, R TE b SIS B IAT A A 5
AT A B B I E WIAR 2 AT 240 R
HCRT St AL FE AR o KoK AR ok KRB S48
B ARAE RS AR A AR A A R R AR
HRBUEIE2x 10" hm? 1 Bl A8 T R B 2855 4 fEL A
tho s . A, A 20 A 30 4R 90 4F
AR AR B B 2R 500 R A i TR0 HUPE ) 2 ) T
ROk, Bt 82 3R ™ i fE 4 T LA 2e e ) i 2 i |
A i AR B N BUA R HE AR 2 ) L
AR 2 ) 1) 58 B RE M) S VR AR XU 1] 5
fi i B, JCHOR AR A R L VR A 1 %2
SVEf 2 R ST ARG T H, b E A
2001 A5l i 1 55 BemiiAl 1 ROl e B DA A ) 22 4
BRI ,2023 SRRV ARS FRATAT FeHTAE T Y e ik
P2 P fe i ), F 2w b — B
It B TR B G (AT i 1o T[] it A BT BT A 25K
ORI I PR R 7™ it ) M B Ay S 2 VPN B L Ak
THUR-PU AR 5 TR0 D 38R P e 3 A ) 2 A 1
JTJE T BB A Bt 55 2R R O R 2
B 52 3% 53 AT 7 ( Enzyme-linked immunosorbent as-
say , ELISA) &bl i G € Z AT (Lateral flow im-
munoassay, LFIA) B #%40 A E ZE b5 M (% JE K 7= i

Bt toxin; insecticidal protein; protein expression; genetically modified crops; pesticide residue; im-

R R BT 7715 ) (GB/T 19495.8-2004) I T
Bt BRI, MATHUA T MMESE L s P (Poly-
clonal antibodies, pAbs) FlI HA 57 [ BT AR ( Monoclonal
antibody, mAb) & JER| T I H M2 N T 5
TP (Genetically engineered antibody, GEAb) [
B MRAE X ST A b B AR T 15 B HE £ ( Colori-
metric) .96 ( Fluorescence ) b2 % Jt ( Chemilumi-
nescence ) . FfL2% ( Electrochemical ) | Y6 LAk 5= &6
( Photoelectrochemical ) | 2 I %5 & 7 3L 3§ ( Surface
plasmon resonance ) UL M A HR 7] # 1k L 48 ( 4% 48
LFTA) SHOR T B al F T B 35 3% P i 38 B2 i £
MIRE TR . T I E R GME Bt FE R R
R I FH B LR B ARG 0T 5 BAR: A Atk I B AR A
T A RARPERIN 7 7 Bt FE KB B A L AR5
HEJE  IEA5 B AT A1 BG4 SR 78 5 X T AR Hi 448
1B 0 b ) SRR B 58 )R AR LA 5 2 5
XFFEISE Bt B2 (A% HUER F1 B GBI & 5 0 R s
DLRAH I RE 28 45 1506 B2 07 A BR B R R K 8 1)
HEATERDT, LI T AR GO ST S (18 i A N (B Y
SCERBERE, [R1IE R AR S TF T L B

1 Bt B R FIAN BT IR

Bt R R PR SUBIA N b EARIEEE T
AR AAR ZR 1 1 R L TR AR AR R i L A
HURVEMPIRIER, s E Wik R R HII =
R ABRY B 3R 07 L PR AR IR o 2
FETR T A A S AR R A T 235  AH N LS 1Y) 23K R 28
TREC R A, B R 7 W) S5 AR 58 B K A X AR
BN AR SR SZ 3 sigma 70 S0 (Sig
A/E/K/H) B IR I Spo0A ~ P i~ JE it 45 [
¥ .sigma 54 Kt ( Sig L) FZ KB EE M (PPK) R
PR R - DL Bh A 1 BT P20 S 2 R A R
PRl TSR =TT B, KB ( Esch-
erichia coli ) FEARHAE Ry T T 1Y) 35 1 8 A LAY L
BRI LT T AL Br 5 R AEN AN
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A /NGRS Sk 23 A A A8 R B9 T R
Rl R AR SR B ( Pichia pastoris) B Bk A
&3] ( Beauveria bassiana ) [14] CEOCHE ( Photorhabdus
temperata ) (15] LGB B M B ( Pseudomonas Sfluores-
cens) L16] RS RR A ( Lactococcus lactis) (17] , HEH
ARG EE baculovirus-sf 9 20 it 2 1k 74 22110 F g 7 1A
phage- KIAFT AR 0 47 F T3£35 Bt R MY
WFFEHRIE , SCHR T A 996 Ko Bt 3 3 R IR A Ui
PR BARN RO 1 PR AR WL 1 R . AR5
KA B 8 R AL BT AR Y =, B AiALA
CrylAb,CrylAc . CrylFa2  Cry2Ab2  Cry2Ae  Cry3Bbl |
Cry9C , Cry34Abl ., Cry35Abl F1 Vip3Aal9. Vip3Aa20,
AR T B CrylA.105 . mCry3A Fll eCry3.1Ab %5
AU Z2 (R0 B B R sV 92 B 1 R A e
WS R B B 3 R SRR —
JE MV AR OCTE IR R Bt BERFPEARZE M
KA O T KRS Bk /INEE R A
£ 1 FHTRIE Bt SRRMEY RERNRERAH

SLBLEL BO3E MR R KRS R R A
L5 . ¥R B BER AR SR AR N S VR
FEARAR 25 RSBy SREEEFEA R AR i it ik i
2EFRBOR, MR BEAE B R BRIk A
XL, RZREIR B we/g U, TEAERY SRS RIB
T A, — AR AL F BT ng/g BN,
FR[ 24 ] 2 3CHR( 54 ] HHRE Y Bt BER AEEEMh R
JRFIR A pg/ PO (3R 2) o XIE K NG i 2
R B e o R b TR LASEAR T O E Al
PRICE R AL I -1k ( Z2HCh i 25) S ), AT
HZVRE S PR SR 3 10 )3 31, AT 5 ik DR K R Y
pGreen i 22" FHFHEEEH Tk ubi i 87
MU TR + T Lhea3 JE3h 712 248 240 0] 5
PLAEAHNF BE VMR AR T ) S 1 s S8 3R 8 )
1 XA RIS AT R I6 R [R] WA
R PR EE /5 28 R B TR ik SE R AR 2 T 230,

RLAIBREE E

Table 1 Microorganism strains and corresponding plasmid vectors for expressing Bt toxin

FERIBAER B UL R A [[AE35ip TEZEN
WEAMATE 4077 . BMBI171,YBT020, Cry” B.HD73™ \HD1~ ,SP41 XBUOO1,  pHT .pBMB31-304 ,pSTK .pSV .pHY300PLK ,pSB909.4
BFR1.Tt14.YG1 LG101 HDsigK™
PN AR BI21(DE3) \BL21(pLysS) \Rosetta ( DE3) HB2151 JM109 pET .pGEX pT7-7 pMEx-B4A
HAthAA:= 4 Pichia pastoris pPICZB pPICZaA

Beawveria bassiana GIM3.428 BbV28
Photorhabdus temperata K122
Lactococcus lactis MG1363 KP1
Asticcacaulis excentricus

Pseudomonas fluorescens MB214
Baculovirus BmCPV AcMNPV AgMNPV

Phage

pBARGPE1 pAN52
pBS .pBC

pTRK

pSOD

pMEKm12

pDEST & pTrans-H1 ,pGEM-T & pBlueBaclll , pPolh-3006BiKTI |
pOBIIL-T ,pB(1-5) B & pAcUW-3006ProAalT

pHEN pR2 pIT2 pCANTABSE pComh3 ,pIMS 147

2 Bt R Gk XS AT TEBLIR

H Bt 82 il 71 R L5 L R T AR ) R
Dok, o LAk BA K 22 i XIS AN ] W 4 e 2 1 5 9F
fAJEAR AR £ 5 AV S R R % e WF o I 22
5o KPR EEAIE ST 45 SR 2 B, SR FH R A 79) w30 A
EILNVEY R R N 720, fE AR AR, Bt B R
B TU7E R SE R A 2 i 6 B Y [ A
- 7520 ~ 35 d, H. 1 4F P B 1 X ] 35 3] 85%
DL b, 584 R it ) 5 B3 ~ 4 AF L 28 o K i) 50

A B B R 2R 50 A R R 5T R KTz
7, HCA% B S fin SR AR B KU B i 5, HE e ik
SHEARFE P24 A XU 2 45 Bt B R AEN W
JUF I A2 KAz i 5 #04s th BLAY Tn] L
F 20 20 90 AEACHE F H) A SRFREE h i T R /R
I8k ( Plutella xylostella) ¥§ Bt B & == 525 LIk, H
AT 25 /N B b DT MK ( Spodoptera frugiper-
da) Fi%: W (Helicoverpa armigera) 7E NI 13 Fhi UL
fksH 3 3 B L) R AL S8 W T KR mE B ( Diabrotica
virgifera virgifera) 1L W ( Chrysomela tremulae)
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TEA Y 2 R H H % AR RSN B 2B I 2 X — b
B B R E THUANE (R 3) . BLAh A it
FHEIARSC T SRR TR S0 3 A5 F T e S P 1 7D 2%
IR b7 7 oM 2R TR R M2 T Bk B i R 1Y
TR RS0 XU AR R St M 1 B A B 5 rp AR T U
Bt TR PSR E 1

®2 BtERFREFEYRESEEAREHMPHREE
Table 2 Bt toxin transgenic crops and the expression of their toxin

proteins in fresh leaves

afthERE 2%

Bt IR WA e (7] EER(ng/e) ik
CrylAb IKFE 1.95~34.09 [24]
CrylAb/CrylAc K Fe 1.80~11.50  [25]
CrylAc/CrylI-like IKFE 1.05~1.51 [21]
CrylAb/Vip3A K Fe 1.10~5.05 [26]
CrylC IKFE 0.71~3.13 [27]
Cry2Aa KA 9.65~12.11 [28]
Cry2AX1 IKFE 0.68~1.34 [29]
CrylAb Tk 0.76~8.48 [30]
CrylAc E55/ S 0.26~0.48 [31]
CrylAh Fok 0.88~1.13 [32]
CrylC E5P/S 1.39~4.03 [22]
CrylAb/Vip3Aa Tk 2.55~22.24  [33]
Cry3Bbl Tk 3.80~228.40  [34]
CrylCa5/cryl1Bal +3 0.23~8.40 [35]
CrylAc KE 9.10~13.40 [36]
Cry8-like PN 5.00~16.00 [37]
CrylAa JEE W 3T 0.15 [38]
CrylAc JEWE T 0.11~0.36 [39]
CrylAb/CrylAc JHE g G 5.00~40.00  [40]
Chimeric CrylAabc AGHE 9.59~52.67  [41]
Cry2Aa S T 25.00~80.00  [42]
Vip3Ba EING] 0.25~5.00 [43]
CrylAc B 6L 0.23 [44]
CrylC e 3 0.80 [45]
CrylAcF ek il 0.82 [46]
CrylAc Lii¥ia 2l 0.25 [47]
CrylF Lii¥ia 1.21~33.18  [48]
Cry9C Liipia 39.70~50.20  [49]
Cryl0Aa Ak 4.05~19.57 [50]
Cry2Ah S B 4.41~40.28 [51]
CrylFa R SRR 1.40~4.50 [52]
CrylAa B R 0.16~2.76 [53]
CrylAb/Cryl Ac HERR 19.00~25.00  [54]

EFOARE I sC B R B B RAEHET
SRR R A, KRS E R R FER 7
FIE AT EEATe T, B 2R A /N
G F CEAEPRRTFLENA O DA s T Bt Y
RN 1 R FE Y CP N SR A
S A W AW 2 B S AR AR P RAE  (HA
ok e R HERH AT REAFE R TE XU . ARG R
Bt R Rk B ] e o S ECOL SE IR B U W MRS 1
WA FURMOCHE S 45 R A4, B,
BUIESE R, ¥ 0 Bt BER X HEREAR =W 2 & ( Bom-
byx mori) \:E%E(Adalia bipunciata) N5 N BaAT4k
HU( Caenorhabditis elegans ) ELAT 550 )R 28 B 75
RITERI (3% 3) , B 70 Br B b XA~ 1) 2 AR i b 2R 40
FR 2T ) P 8 ( Microplitis mediator )" 271 /N HE
5 ( Palmistichus elaeists ) [64] L n R ( Trichogramma
chilonis ) " W BRIBEAL NSl UL B AEAE— E R BIMER
SARDRUE, AL T A A 2N B T [RIREAAAE A ] AL i
IR SRR 3 T2 PE XU Z A1, Bt FE R X EREARAE
YIRS H R KU ATY SR I B0 R FH 9 T A [] 45 2 4
REGHANPAIXFIRARAY . Bt 8 7 S A S T
HAEY A Bl AL 0 B R B (B RN AR S PR B A0 27
PEE | HARF MO L5 S, IFAE AT 15k
FIARAR G N LA AT A,

3 Bt B R AR ka5 BUIR

o FERN 2 B T PUR-PL R A S R4S A BRI
SR AT 7, AT BRAETRTE | SOni PR R S PR |
R S SRR I T 2 N TS Bt B R TEN
AR BB I PR A WD v SR A ik (4 A O
AR S Y /T B X E S AR 5 R AR
pAbs Fll mAb & JE 5| T N T &Ml GEAb L, K
SRITIA R B2 B0 1 0 S5 A B0k e R B K i
SRR BUIAR SN ot = S s W 3 s T
AU - R L5 R Y BOHTIAR, 1T GEAD JU 9 AT
T ) RAR DU 1) 58 B BT R 55 v B, B
DLA AN IR AR Y 7 RUBT A 1) o0 B 4% B H 22 M e IR P
FMIE B BT UAR (scFv) B H A B HE R AR
HERY BASRTIR (sDAD ) FIR T2 58 88 11 1Y 20 4
YOKBLMA (Nbs) ' B AT, 3 F X s hi A X, ok
FHEAGUARBON BT 20 5 55 5 s, 45 & R S vEbn ic )
FAHRARI B, A7 A T LA L € 1Y IR S s oy
Mr(ELISA) , AHR AT AL 4R LFIA DL K28t b
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SFRFETEAOCERI )Y = R B2 PCR IR SRAURIEDITE S0 L3 4,
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Table 3 Main biological risks and corresponding subtypes of Bt toxins

R "4 FI & BLEL 5 & A PR 1 B 3 5 T8
RObR T U2 AN CrylAc CrylBa,CrylF ,Cryl] ,Cry2Ad
B CrylAb ,CrylAc CrylF CrylCa
W BCTR CrylAa . CrylAb . CrylAc
IS TR gk CrylC
TR AT Wk CrylAc ,Cry2Ab Cry2Ae
B TR, CrylAc, Cry2Ab Vip3Aa
2R % CrylAa,Cryl Ab . Cryl Ac Cry2Ab
— SRR CrylAb
S B CrylAc,Cry2Ab Cry2Ae
iEARE CrylAc,Cry2Ab
R A7 NS CrylAc CrylAh
RICHH T K U CrylF
/N CrylAb
FEMFAMEIH  Cry3Bb,Cry34 .35Ab1 ,mCry3A eCry3.1Ab
izt Cry3Aa
R HR Y A& CrylAa CrylAb . CrylAc CrylAi CrylBa CrylCa CrylDa CrylFa Crylla Cry2Aa Cry8Ca Cry9A .Cry9Da
ZRE CrylAb Cry3Bb
75 T B AT 2k Cry3Bb ,Cry5Ba ,Cry6Aa,Cry21Aa Cry21Fa Cry21Ha Cry55Aa
A W CrylAc CrylF

ELISA J& 5 T B A5 10 ( s AR 5 A1k 4 g
HRP) [5E S 0 b a3 | R FE BT iRt J
HAER) 0 ELISA ( DAS-ELISA ) YT {R-$1 Ji B
YERY5E 4 ELISA (IC-ELISA ) /& Bt 75 & e 28 it (Y
G PEAIN 7 i , ARG R AR 5 2ty oAbt i H AR
(R A PE , — M & 56 00 5 AP A T 2 57 1)
ELISA X} Bt 7 R A I 1Y R A0 R4 21 B KT
ng/mLY ng/ mg¥ ; WA — LA AL bR, Wk
HRP 545835 M (SA) S A1 bkmkEh 48 (ZIF-8)
A 2 i, HRP&SA/ZIF-8 5 4 W) b i $i 14 &l o7
DAS-ELISA, % Cryl Ab 7 2 6 I Y R B B2 58 n) 38
pe/mLY B pg/megZ 7 LFIA )2 Bt # R b H
DL G RE RGN 5 1 2 — , He P B AR AR e B R G A
AR T AL 4R LFIA e ELAC M, R Ak 7= it A
SR, U ik RUE R I, #ﬂif 100
ng/mL 2 5% 100 ng/mgdt; A it b & &= =

(QDs) '™ Z & - W) KA A OB B (n
FLPL-BSAS) " &5 EbRic v FH 2 LFIA -, f&
B ek A, TS Br 25 25 A 4 A AR AT
A, RS SR 455 B 38 B ng/ mL 2% 5 ng/ mg 2 FE %8 peg/mL
Kol pe/mgZk, ELISA F1 LFIA 7F 2l Bt 7 X e il

2 f AR 0 PR G e A v, AR DG 5 38
Z 7 i AT R AL U R 92 [E EnviroLogix
Inc 23 A HEH 9 B-ELISA B & 8L 35 T CrylAb,
CrylAc'™ CrylC.CrylF ,Cry2Aa Cry2Ab  Cry3Bbl |
Cry9C . Cry34Abl .mCry3A 253V A 4G FR #11K F 1
ng/mLI¥, 1 ng/mg, [R]AHAfE H 1) Bt-LFIA {4045t
3 T CrylAb, CrylAc, CrylF, Cry2Ac, Cry2Ae,
Cry3Bb . Cry9C ., Cry34Ab1 , Vip3A | CryBtl1, mCry3A
TR AT PRAME T 0.1 wg/mL 5% 0. 1 pg/mg(ht-
tp://www.

envirotest-china.  com/chan-pin-fen-lei/

zhuan-ji-yin/)
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Table 4 Main immunoassay methods of Bt toxin and corresponding representative examples

WSS

Rl ik Fll%1 4 z%
ARG TRR SO%AMHIBIANIRE LA ik
LR G 3T DAS-ELISA CrylAb(mAb-mAb * ) 040 ng/mL 7.70 ng/ml 1.00~4000 ng/mL.  [71]
CrylAb(mAb-pAbs * ) 047 ng/ml - 2.50~100.00 ng/ml.  [72]
CrylAb(pAbs-pAbs * ) 1.53 ng/mL - 1.81~5.53 ng/mL [73]
CrylAb( scFv-pAbs * ) 8.00 ng/ml. 18.00~6 23000 ng/mlL [ 74]
CrylAc(pAbs-pAbs * ) 5.00 ng/ml. - 1600~250.00 ng/ml, ~ [75]
CrylAc(Nbs-Nbs * ) 5.00 ng/ml. - 10.00~1 000.00 ng/mlL.  [76]
CrylB(Nbs-Nbs * ) 346 ng/ml. - 5.00~1 00000 ng/mL  [77]
Crylle(pAbs-mAb * ) 027 ng/mL - 045~1571 ng/ml.  [78]
Cry2Aa(pAbs-mAb * ) 10.76 ng/mL 358.00 ng/ml. 9.00~2 572.00 ng/mL [79]
Vip3Aa(mAb-mAb * ) 10.24 pg/ml. 0.03~0.50 ng/mL [80]
CrylAa/1Ab/ 1Ac 10.50~16.00 ng/mL - - [81]
(V-Vi pAbs™)
CrylAa/1Ab/ 1Ac/ 1B/ 6.37~11.35 ng/ml - 18.00~100.00 ng/ml.  [82]
1C/1E/ 1F(mAb-pAbs * )
CrylAa/1Ab/ 1Ac/ 1B/ 3.14~11.07 ng/mL - 9.00~250.00 ng/ml.  [83]
1C/ 1F (scFy-pAbs * )
CrylAb/1Ac/2Aa/2Ab 503-30.83 ng/mL  53.00~254.80 ng/mL 530~696.97 ng/mL  [84]
(pAbs-receptor * )
IC-ELISA CrylB(scFv* ) - 0.84 pg/ml 190.00~1 10000 ng/ml.  [85]
CrylC(scFv* ) - 039 pg/ml 20.00~4 400.00 ng/ml. [ 86]
CrylF(scFv*) 0.18 ng/mL 11.56 ng/mlL 092~107.36 ng/ml.  [87]
Cry2Aa(mAb*) 1.05 pg/ml 10.65 pg/mL. 1 100.00~60 700.00 ng/mlL. [79]
CrylAb, CrylAc, CrylB, - 033~0.84 0.04~661 pg/mL  [88]
CrylC CrylF (scFv*) pg/mL
CrylAb, CrylAc, CrylB, 0.03~0.07 pg/mlL 0.73~0.89 026~141 pg/ml.  [89]
CrylC CrylF (sDAb™) pg/mL
HRP&SA,  ZIF-labelled CrylAb(mAb-mAb* ) 4.80 pg/mL - 0.05~1600 ng/mL.  [67]
DAS-ELISA
HRP&biotin-SA-labelled  CrylFa(Nbs-Nbs * ) 0.88 ng/mL - 1.00~100.00 ng/mL. [90]
DAS-ELISA
Mo e sk Gold-labelled LFIA Cryl Ab(mAb-pAbs * ) 0.10 pg/ml, - - [91]
CrylAb CrylAc 100.00 ng/mlL. - - [92]
(mAb-pAbs ™ )
CrylAc Cry8Ka 0.10 pg/mlL - - [93]
(mAb-mAb ™)
Vip-S(pAbs-mAb * ) 100.00 ng/ml. - - [4]
Vip3A (pAbs-mAb * ) 100.00 ng/mL - - [95]
FLPL-BSAS labelled LFIA CrylAb(mAb-pAbs *) 10.00 pg/ml. - 0~1000.00 pg/ml.  [69]
QDs-labelled LFIA Cry2Ab(pAbs-pAbs * ) 291 ng/ml - [68]
PECHIETITIL: DAS-TRFIA CrylB(scFv-pAbs * ) 0.17 ng/mlL 1.00~800.00 ng/ml.  [9%6]
IC-TRFIA CrylC(pAbs ™) 0.07 ng/ml 60.16 ng/mL 096~1 633.60 ng/mL.  [97]
Crylle(scFv* ) 0.04 ng/mL 0.73 ng/mL 0.08~644 ng/mL [98]
INC-TRFIA CrylF(pAbs *) 0.03 ng/mL 150.00 ng/mL 0.04~2 000.00 ng/mL [99]
QDs-FLISA CrylAb(mAb-pAbs * ) 2.96 pg/ml. 6.00~20000 pg/ml. [ 100]
Cry2A(Nbs-pAbs * ) 041 ng/mL - 2.60~1000.00 ng/mL [ 101]

Cry3Bb(Nbs-Nbs * ) 845 ng/mL 31.25~500.00 ng/mL.  [102]
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2% walll] 153 SO%AMEN AR MGG
PDs-FLISA CrylAb/1Ac 025 ng/mL - 050~1200 ng/mL [ 103]
(mAb-pAbs ™)
FDA&Cy3-labelled FLISA  CrylAc(mAb-mAb* ) 0.01 ng/L - 0.01~30 000.00 ng/L.  [104]
MNps&Cy3-labelled FLISA  CrylAc(mAb-mAb* ) 0.10 pg/L - 0.10~1 000 000 000.00 [70]
pg/L
CEIA-based LIFIA CrylAb(mAb-mAb * ) 33.00 ng/ml. - 13.20~9 900.00 ng/mL [ 105]
e ROCHPE L DAS-CLIA Cryl Ab(mAb-pAbs * ) 3.00 pg/mL 8.00~2 000.00 pg/mlL [ 106]
Cry2A(pAbs-sDAb * ) 0.09 ng/mL - 0.10~1 000.00 ng/mL. [ 107]
IC-CLIA CrylAb(mAb-sDAb * ) 645 ng/mL 42,68 ng/mL 1049~307.10 ng/mL. [ 108]
Eﬁa&A“NPS"abe"ed Cry 1Ab(mAb*) 005 ng/mL - 0.10~2000 ng/ml. [ 109]
AuNPs-labelled CLIA CrylAb(pAbs * ) 1.25 ng/mL [110]
B HESMHTE CNPs-labelled ECLIA CrylAb(mAb* ) 3.00 pg/ml - 0.01~1.00 ng/ml. [111]
HRP/Bi-SA based ECLIA  CrylAb(Nbs-Nbs * ) 007 ng/ml - 0.10~1 000.00 ng/mL. [ 112]
Fe;0, NPs, CrylAb(mAb-pAbs * ) 1.00 pg/mL - 5.00~100 000.00 pg/mL[ 113]
MXene based ECLIA
Immunomagnetic based CrylAb(mAb ™) 0.10 ng/mL - 0.25~4.00 ng/mL [114]
ECLIA
APTES \ITO based impedi- CrylAb(pAbs ™) 0.37 ng/mL - 1.00~10.00 ng/mL [115]
metric ECLIA
Fe;0,-AuNPs-labelled CrylAc(mAb-pAbs * ) 0.25 pg/mlL - 0~6.00 ng/mL [116]
ECLIA
Stacked Graphene Oxide,  CrylC(Nbs-Nbs ™) 320 pg/mL 0.01~100.00 ng/ml, ~ [117]
Thionine based ECLIA
FerAbEA GBS PAMAM-AuNPs based CrylAb(mAb* ) 3.00 pg/mL - 001~100.00 ng/mL. [ 118]
PECLIA
AuNRs QDs-MB CrylAb(mAb-pAbs * ) 140 pg/mL - 001~100.00 ng/ml.  [119]
QDs based PECLIA
S1-AuNPs/QDs based PE- CrylAb(mAb-pAbs * ) 0.17 pg/mL - 1.00~100 000.00 pg/mL[ 120]
CLIA
ESCs based PECLIA CrylAb - - 030~3 000.00 ng/mL. [ 121]
FIMGR THARGPE  Au/Ag alloy nanoparticles  CrylAb(mAb ™ ) 4.80 ng/ml, - 8.00~1 000.00 ng/ml [122]
MAXiIRiN based SPRIA
e PCR CrylAc(mAb ™) 21.60 ng/mL - - [123]
CrylAc(Nbs ™) 0.10 pg/mL - 0~100.00 ng/mL [124]

P FIRUABI LA B LI 3, - FOR IR SOR 4 A R

TN AF LG A RO e bRk
I R A S R S RHIE P OG5 540 1 o oy
WP NG RR R G e AL AR (2 4) , HRIAE Bt &K
R b BB A S BN IATT ok SRS T ik B AT i
Il R RETERE  ZERRIC IR G AR A5 5 R 35 545
Wb A — S AT LR R R AR TRt
REAERZERU i — 2515 BRIk & ehric Waric st
1,5 Bt S REEFELE SRR 8 5 S LR 2
G TORAONE T, AR AR o %o B 3 2 A8 ) R

RE . Rl vk R 280 T30 50 = R R AT 1Y
9% B B, B RTIE A H BRI Y 7 & A 0
fo i SO E T (FLISA ) 3 215 B¢ 6
KAPRRIC B UA - FERR LS A B B R )T,
FOG R AR AE RN E] Bt 8 R, UMM EY
A EICER T SOLR AW A (PDs) POER
B (FDA) M98 K U7 ( MNps ) 28GR D) B S
FERVEIEZ (FITC) 4%, A1 5¢ FLISA XF Bt # 2 A9 AG
RAIGEE T LLA B ng/ mLHK 8 ng/ mg P 2> il ] L%
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W pg/mL 2 5K pg/mg 97 i Ak 2 K G B 4 A
(CLIA) Bk KO 5304 (CLIA) Dtk 40t
GaRES BT (PECLIA ) LA B 2% 11 25 5 - L 4R e 28 40 #r
(SPRIA) WA JZARFT | B sl LB I AR AR &
SEHCKATRARIC B AR R LR Y, SR RHRIC 5 5]
RV BAG 5480 F — R R 3B R 40, Hoh &4k
WKL ( AuNPs ) Bk ES T-REPEGN K BUR (40 Fe,0,) Al
FAE YRR N B UL R RE SRR, i A N
ARG T 0 & S S 20  sEh 28, % B
FEZE ARSI 52 A0 o A X 45 ey, — A pe/ mL 4 B
pg/mgH BTN (FK 4) , XA ELEF 5 HR
A RN S SRR A e MR e
Yteier N EARSRAT EGEGE , AN, ST hUIR S5
SMAZAT IR A I S -PCR WA E R M Bt &
R R, A T, N3t 72 08 25 S, M
RATRER AR E
4 & ¥

15325 T Bt B AR H ) T i A R
PRI A AR AR 1 5 2 L, LR
FIFERIE P Tl 350 7= s B e R PR B A o 2R LT A
Sk, 51k T E RS G Ay WAy sh A TG
FRRA AT A E SRS . bEE tH AE
PN AR B 1 LSRN, R 25 A S A S T
1R BE (70 5% B Ak 2 A 24 ) R BRI B AR AR B T 28 AR
TCFE IOk B B A 2 R SR a3 B L8R . B
B RVE RN YA AR R B A R 2R A AR
eIk IO FH R WS AN VBT 60 37 19 ) B, %o 3788 B 118 IR 1
Al 3 B O A B AR b Bt A A I 22 40
ESEAS S SEN I YL

%% Bt B R &AW, H TR R L Sk
Wi 700 sl e BE R Bt R A X35 i S BN I #E A
TIPSR AR, B E AR H RBT 2 kL, R
JE— SRR Br # R O 2 TO I R A X
AT R . AR, S b e A 2 E il 4
B, EF X AN ) A 24 % A R AR 3 L A AN [ AR
AHE R Bt R 5 HAE A R AUk
25 (24T R RE Y EESE R A B IR 2 B
F AHYIBHER A ) H 2 AL R Be B R TR
(R BT IO FH SR, 7 SRR o o A 2 o L 2 1
P HURIAERRE 7, AH OGS BE A il 77 ko 3k PRIl - 26 38
(R 56 DR BT JUPE 9 &R 3 o BF 5 B 2 19 4R

A A D MR ST AR Ak S i
AN, A LU PN AR T O A B A A T
i PR SRR R e B T 18 AR U R BI A 4R bR e
HUE TR A W32 B e 7, Downing %“26} VIFE
I H Pseudomonas Sluorescens e LT a2
PRI AE BH T K S B IASTAT 22 A% TR 5 R e 3, Qi 451
VMY N B E Chaetomium globosum ¥ 321 K EEHE
FRAEDE T TSR I R ik B T AR . B
BTN TR] T4 e T A 40 i) 550 e ik PRl e A VR
TR RHT L SR 1 AP & Bt B 3R BYAHSCHT ST, (B
HRRIT R

AR Br TR AR KUK, (HJ2 A H AT A 2k
AR L3 G bR T T B P ARSE AR Y
SEHFEEL SRS I S S R B &, B #E R )
JE YA R AR R AR L E Y BT R} XA |
CARBCI AR, (EARF R 2, 78 Bt B 5
7 i B B BT AR BRI APk AR 35 i
eI, RN 7RSS B R R R
PR, e Sl 2 T WA 5 A 1) A S T I T P AR A 7Y
WISE ) o SHCA ML PR s Ao e DR % ARV i LA
TRAE A RS S 1) L, A PR s (] Y RETC A B
ARETERHERR DR T B R R o & AR B s 25 &
VAL, HHTBR TR S 2R 2R A s I 2Y
TGN, 1 oA o BB 14 75 R AT R R 35 H X
Bt B2 PTG MR ) A i BT X AR AR AR W0 28 B 3
P, BRITEZ N AT 2] DA N TE 17 9878 32 44
FH(AnF APk ABC Fs B ") iy 2Ok
fifpHL 2R SRR B R R0 HE i 2 LR, ARERY
VAT AEARAR ST IR S i I 25 B vh Ab2B 2R A4
R A BB RS 1 ) 22 AR W) D RE RO AR (18]
la) , B3 TLA Bt BERBUA A BIE AL, IF 25 G AR N
FEARTE HUh iz 32 AR AN G A 1 o B R il 5 2 1
B SCHETRE i BCEAEAR B M TEAL W B (R JR 7
PO 1) 7 e KA — RV A WD BEAUAR I Bt
BE A b KA M AR B RE (18] 1) BN IR H T
PRBPEN ™ Bt #:3 ST UL X #E b e 4y o ]
I 72 h PIRCIEAET 2R ANER 5 s, XA it A1
) Bt BERARINRERY BT R GTAFRE, AU TG A
P HOXF B 2 R PG PEE T, R i TR S
P, 38 X NG RGN 231 U Y S IR HE R
SR, PRI 55 B BEZRAH LB R AHDCHFY
SR S SCRHR RN AL
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f N ffﬁfU,CrylA‘cljJﬁEE‘J CrylAc Domain IT-TI
' . N
% | x M A
/ Wt SN T &
K Abl QB2 L) G \E
2 < - ~AbT@EBEE HU . N I "W
%, < B Cry 1BI) RE Y
/ bR B SRR IR
+ MAb2 <
~ ~
Ag: Pi)JFRantigen; 14 )
Ab: Piffantibody;
= BT AR ;
A PRI LR RS A X
HONCry I CThfE
PNEAREE RN
a: MUAGR I G5 0 2 7= AR fUMUR BRI M40 P 5 b 2 Be 33 208 U REBU T BT (45 40 7 S 37 28 0GB 1k DX I 4t
B 1 EFHmsRafEiliR s FEN Bt SRR R EE T
Fig.1 Anti-insect effector antibody targeting design of Bt toxin based on anti-idiotype antibody mimicking antigen function principle
F5 BtHERRESDEMYERERS RAR 72 h WREFRTE
Table 5 The corrected mortality of target pest Plutella xylostella larvae fed with Bt toxins and its anti-insect mimics for 72 h
AR AR F R BIEFR (%)
P — — — — — —
CrylAc R CrylAc HFRPLBELY  CylBHER  CrylBHERXPBELY  CylC HE CrylC FEREPLHALLY
NS 79.6+1.4 52.1+2.2 71.9+1.8 46.4+1.1 75.4+1.8 58.7+2.3
F P I AR S

FEI%E Bt R 2 Syl I, Bl 55 S A5 5 Wb
10 IR AT FRAE A A ZE ) 3 6, S oA
SOOI ERIPEM L, B ET Bt 2 R sk JEie
SEP I R I & BRI BT TSR AL 58 S 1)
pAbs Fll mAb & 3, 1ii GEAb /R4 Z 2|k ELEHTR
SEA TR PE RN RE AR E M T A IR I KL
HESERIH (B3 B, ARk — S A« b A
TRERLE A R B PR SHUE R R RN 45 5
FHF Bt B R R i & R kadh, andtbn s b g
ZAREE A RS B R EM ATk 1
nmol/ L™ |yt Shen 25 LUSAELE 15 A BeS pAbs
20 4 % 57 DAS-ELISA X} CrylAb, CrylAc, Cry2Aa,
Cry2Ab # 2 B9 ) 1% 6 W R & 3K 31 5.03~ 30.83
ng/mL,Wan 5L DV R 1 oA S R S P
A 2 @ ST ELISA X} CrylAb  CrylAc, CrylC CrylF

Cry2Aa BEZR ) 15 PH 0 B 7 B9 Ze R4S I 3 L0~ 50
ng/mL, Wang 55 LI/ ik BBMV 5105 B 4 J|8 7= J
JKZH 3357 DAS-ELISA %t Bt Cry2Ad 75 & A6 57 44
FEIRF 8 ng/mL, Lu %5 AN AR S mAb
Y4757, HRP/AuNPs FRiC Y ECLIA X} CrylAb # %
ARSI SR B 253K 7 pe/mlL, Jin 25 AT RIS BT A
( Aptamer) FE57 )2 ECLIA X} Cryl1Ab B FIAN R 45
J¥353 0.96 ng/mlL, Chen %5 {KFE DNA #4458 HY
FIETERIEIHTEXT CrylAb CrylAc ARG R 455
03k 0.1 pg/mlL, BXEEHRIGTIRTBE M A A Kk
Bt TR AR G AR A TV B A A
SRR SERI AL (A5 — 242 RN
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