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Targeted innovative design of Bt Cry toxin insecticidal mimics
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Abstract: Bt Cry toxin is the mostly studied and widely used biological insect resistance
protein, which plays a leading role in the green control of agricultural pests worldwide.
However, with the wide application of its preparations and transgenic insecticidal crops, the
resistance to target pests and potential ecological risks induced by the drive are increasingly
prominent and attracting much attention. The researchers seek to explore new insecticidal
protein materials that can simulate the insecticidal function of Bt Cry toxin. This will help to
escort the sustainable and healthy production of crops, and relieve the pressure of target pests’
resistance to Bt Cry toxin to a certain extent. In recent years, the author’s team has proposed
that Ab2P anti-idiotype antibody has the property of mimicking antigen structure and function
based on the “Immune network theory” of antibody. With the help of phage display antibody
library and specific antibody high-throughput screening and identification technology, Bt Cry
toxin antibody was designed as the coating target antigen, and a series of Ab2[ anti-idiotype
antibodies (namely Bt Cry toxin insecticidal mimics) were screened from the phage antibody
library. Among them, the lethality of Bt Cry toxin insecticidal mimics with the strongest activity
was close to 80% of the corresponding original Bt Cry toxin, showing great promise for the
targeted design of Bt Cry toxin insecticidal mimics. This paper systematically summarized the
theoretical basis, technical conditions, research status, and discussed the development trend of
relevant technologies and how to promote the application of existing achievements, aiming to
facilitate the research and development of green insect-resistant materials.

Keywords: Bt Cry toxin; anti-idiotype antibody; phage-display antibody; insect-resistant
protein; biological control
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Ag: Antigen

Ab: Antibody
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Schematic diagram of the cascade immune response to produce anti-idiotye antibodies.
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& (vancomycin) ¥ U1 HE T Ab2B SR HT 45 Y
NI B PRI BT 1A (single domain antibody), H:
TEE TR 4 v (0 4 2 BR T8 (Staphylococcus aureus)
L FRABTEN LS. Bt Cry ERK
PEPLHR GRS E 4 T RAE 60 kDa /2
i, BAEMRGFY, B RR GBI,
H A X S5 F R R S RERFFFE 45 LU BGB ), i
PriR s+ b & R R 1) S8 B PR 45 G 7 Be(Fab)
Oy FIAE 50 kDa 7247, HLEE R4y DXORIURE R 2 fiE
WA REBEY™;, B TFHEREES, H
YRS FEE G YR ERE | BREESS 4>+
R/ E5 Bt Cry R R KPR N RER SCHEIX
3, domain II. domain NILEAG —E ] S ek,
AR B3R /N30 A 4D ) B ) s 8 Bt 5
S, ARFEBT AR e I 45 2 AT AR A B
HHOR AR, Bl A AL Bt Cry 5 R 451 Fl
PURINRERY Ab2B ZEARIHUM R R B4R T A7 e 3
W BRI T AR AT R

2 Bt Cry EXHEEUH LK
BB A&

IRIETUR B 2 P 45 27 UL B HH . Ab2p
PR BT AR E R AR A ) H A B Bt Cry 5
RPURIREA R B AR, HA AR F K
JE il 4 AT ALALL Bt Cry B8 R Bt I BE A0 45 5 M4t
PR AR, PRI B BT 25 R I T #Rid
F Bt Cry B R U BETT. BATPUAE 2547
ENSEZYIN 235 WIDE AT <10 NN ) 27 e |
T B TREPUA (genetically engineered
antibody, GEAb) A\ T € M BEiTBT Bt . EH L
BEDUIAR . B SEREPUAHRAORE T Sz sh W 315
REHERBURIIRER Ab2B AT R FY BT
PB4 B S22 [ £ T A
B AR . B e BEBUAR % S IR AR L 25 o 1%
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SER TR SU SR S I e RN ES I R L N
PRI R K o e [ B W R AR L, IR Bh AR
IO A R S IR AR 446 TR ot A 1A JR R Bt A
JF, FLEDAT Y 2R s Y g R G A
W 2 IR R, @it 25 A-TRK-vE
- f2 ge-P i B, AR S A Bk e B
SRk Sh A B W B AR R R BT B R < 0
ENVE A, A R D R AT S B X
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Figure 2 Schematic diagram of phage display antibody and antigen-specific target phage display antibody

library screening process.
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BRI . RN TR, H Xu P
T &R Z e EDUA F(ab)2 K BON A HHE ST
J5 . Zhao SFPH LBk B2 2 A 24 ) R R LR
F 2 (3-phenoxybenzoic acid)H. g B HrA N A1 9%
BB, 2 PTR SR B s TR 4 Jig s N 5 B 4k B
A JEE v 43 00 B B e 7 S AR AS T AR A AR
FIPTI AR RUPUAAR ;T Cai 2P0 L i A 7 R
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FERRPUM R B AR IA (nanobody) , FAE 3 R
B R TS drill o AR, RIS
P 2% 2 Ul T R UL B B A 4
i 10 W T A o 7 R TR T R L M 2 KA D BB AR T
A i A 0 2 RO, AT LA S B R A5 AL
Bt Cry # 2P0 HINAERY Ab2R S ARHTAM R R HT 14
RSN R ) B S I RERE A B R

3 Bt Cry EXHEEUH LK
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HRAE TR G2 W 45 2 B0 v B B A e B 4
PRBIH A, DGR TR A SR /R L N TR AR 126
B Y O B LR Bt Cry B RBLRIIGER
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i) Bt Cry 5 R HUARSHUAOCHETE 1E i BoAE 3
Tia] P9 [ AH LB P L, TR B 7 BT KA = A
O W P A s 5 DR T AR B ARV A A 1) B D
WAERBARPUR IR, SR HKHE Bt Cry B R bik
SR OCH T T R BeRe e VA 1) 45 45 o s 7 14
S TAEYUA SRR E S B A, YK
RS Bt Cry B R PUAURRIY LN TR SR
BE, UL Bt Cry 8 RPUABHUASCHIE MR B
DL ) Bt Cry 8 AR 3 OIS TEZ K, dnkil R 2
Ji 4% ¥ (brush border membrane vesicles, BBMV)
B RS AN AL A 5 6 A 1 (CAD) | B B 1 i
(ALP). W7 =#EMR4S & &2 H 1 (ABC %
B F)EY, BN E TS, XX bRk
o Bs e, WHPES Ab2B RAVFHEATHL
MR RS D TR BRI L ok, 455 AR R
RIS UE , AT ARG B4 40 Bt Cry B &
PRI feny B bR A BT S o R LB R R

S5 WA DA BROGZ R, i SR G DA ] & A K
oA SEARERN TR LT
R W T R R R R B 8% BT AR % (Tomlinson
I+] J, PEZRE 514 1.47<10° PFU/mL Al
1.37x10° PFU/mL)HIA i 5 5% B BT {4 22 (DAb
JE, 3.0x10° PFU/mL)S5 A 5 3 K TR P A 95 U8
i, 1EENANRETIT R Bt Cry # R H i)
B Botatse, IR T — R0 R R
B, BV LEIE 1, H, fRE gt
DL £ i B Bt Cry 1 C 32 2 akediik ot
PR S PUE, M Tomlinson IFZEH DS T
— A~ HAS Ab2B ZETUHHAERY Bt Cry1C # EHUsF
R BAEEHT A (single chain variable fragment, scFv),

Hmew AR RIE, WEN 1.2x10° PFU/mL)
Xt At PR A /N SR 0 (58.69%) R I 46 - i
(52.82%) M BUAE 2 43 ) 35 3] i 35 R B AW
77.87%H1 73.21%; Dong Z:P71P) Bt CrylA 8%
3 PRI (CrylAa, CrylAb., CrylAc)WiES W)
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TIEFRAFH) Bt Cryl A B R A 2 Tu PR
RS HUE, M DAb PRk s — A B &
Ab2B KEVEHERY Bt CrylA B P00 45 A I8
PRI, LR 3K 5 1 4l 8 1 X
sk USRI G 2 SO B 35 5] 0.976 pg/em’;

M Hao Z5P8I 1L Bt CrylF £ vif&dHilk F(ab)2
B AR A, DA T e I TR A R O B U
KPR IE (FEAR N 2.0x10° PFU/mL)H i &
AF—A-H A Ab2B B REFIERY Bt CrylF #%
UM BRI PAA LI 3R 36 I 10 2l B T v
PR AR E dFORIE B REFH] 23.3%. H
A, 3K ) A F 9% S )RV B 4 LA ) AP A
L Bt Cry B R IPL R IIGE, (HE TR E R
(AT LTS T 1 A 5 380 A 7 B 2R ) v BT K A
(80%LA 1), DRI bk — 25 sl i ax sy eyt B
A M, e AT RN PN B Ry S
VE & H AMRFCHU ARSI 35 R AR X A1 2 Bt
Cry B Z PRI R RS BT R T — 2751
ST, WS T RO . Hid, Xie 20
DL Z A~ Ab2B 2RI Bt CrylAc B X P 4y U 8o
BEPUACON B, L R B, A H s AR IR
YRR/ NI I BOE B F] 83.3%, BB
BT 25%20 40 BRI Ab2B 28T Y Bt
CrylB # R PUIss i sp gk i e, SRIZE
S AR F AR HEHE ] AR X CDR3 A4 ] A8
[X CDR2 #Ef7 & iAo As, Al Al 5828 PR
B A PG IR EIE AL B 56.67%, AR
P T 34.23%; 1 Lin Z4UDL Ab2p 2% 1 Bt
Cry2Aa Bt RPUMFE R LR HLAC N B , RS
B PCR B A HAEA TREMLZE AR , A ] 14 28 AL (4%t
HERI /N AR B 23.33%, HAG PR i
BBMV SZARFERIIBRIES T 2.2 ff. 2
SR, IRFCHUIRAR SN S5 TR L AR X i ifF 3X 2 Bt
Cry TEZ P B BRI (Ab2P 2551 Bt Cry %
PR T O D TR B ) B R RGBT
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Table 1 Representative examples of targeted design of Bt Cry toxin anti-insect mimics

Mimetic objects  Targeted antigen Source of mimics The effect of simulation References

Bt CrylC Bt Cry 1C Phage display human The corrected mortality of Bt Cry1C toxin [36]
polyclonal scFv library insecticidal mimics (Ab2p anti-idiotypic scFv) for
antibodies Plutella xylostella and Cnaphalocrocis medinalis

were 77.87% and 73.21% of that of the original
Cry1C toxin

Bt CrylA Bt CrylA (a/b/c) Phage display human The median lethal concentration (LCsy) of Bt CrylA  [37]
mixed heavy chain doman  toxin insecticidal mimics (Ab2 anti-idiotypic
immuno-polyclo antibody library domain antibody) protein of which from prokaryotic
nal antibodies expression to Plutella xylostella was 0.976 pg/cm?

Bt CrylF Bt CrylF Phage display camel The fatality rate of Bt Cry1F toxin insecticidal [38]
polyclonal nanobody library mimics (Ab2f anti-idiotypic nanobody) protein of
antibodies F(ab)2 which from prokaryotic expression to Pyrausta
fragments nubilalis (Hubern) was 23.3%

Bt CrylAc Bt Cry 1Ac Phage display human The fatality rate of Bt Cry1Ac toxin insecticidal [39]
polyclonal scFv library (chain ~ mimics (Ab2p anti-idiotypic scFv) double light chain
antibodies displacement recombinant mutant protein of which from

modification) prokaryotic expression to Plutella xylostella was
83.3%

Bt CrylB Bt Cry 1B Phage display human The corrected mortality of Bt Cry1B toxin [40]
polyclonal scFv library insecticidal mimics (Ab2f anti-idiotypic scFv)
antibodies (site-directed mutant protein of which from prokaryotic expression

mutagenesis) to Cnaphalocrocis medinalis was 56.67%

Bt Cry2Aa Bt Cry 2Aa Phage display human The fatality rate of Bt Cry2Aa toxin insecticidal [41]
polyclonal scFv library mimics (Ab2f anti-idiotypic scFv) mutant protein of
antibodies (error-prone PCR which from prokaryotic expression to Plutella

modification) xylostella was 23.33%

Bt CrylAb Bt Cry 1Ab Phage display human The corrected mortality of Bt Cryl Ab toxin [42]
polyclonal scFv library insecticidal mimics (Ab2f anti-idiotypic scFv) for
antibodies Plutella xylostella and Cnaphalocrocis medinalis

were 72.65% and 81.11% of that of the original
Cry1Ab toxin

Bt CrylB Bt Cry 1B Phage display human The corrected mortality of Bt Cry1B toxin [43]
polyclonal scFv library insecticidal mimics (Ab2p anti-idiotypic scFv) for
antibodies Plutella xylostella and Cnaphalocrocis medinalis

were 64.63% and 67.92% of that of the original
Cry1B toxin

Bt Cry2Aa Bt Cry 2Aa Phage display human The corrected mortality of Bt Cry2Aa toxin [44]
polyclonal scFv library insecticidal mimics (Ab2p anti-idiotypic scFv) for
antibodies Plutella xylostella and Cnaphalocrocis medinalis

were 78.57% and 71.42% of that of the original
Cry2Aa toxin

Bt Cry2Aa Bt Cry 2Aa Phage display human The affinity of phage displayed Bt Cry2Aa toxin [45]
polyclonal scFv library (chain  insecticidal mimics (Ab2p anti-idiotypic scFv) for
antibodies displacement Plutella xylostella BBMV receptor protein was reach

modification) up t0 2.65x10°° M
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BB A AR, ATt — 2RI EA]
AN A E . AR BT A BLE RS w2
SCEL Bt Cry B R YUY R ) Bk
(B RTAH AL $EAR T R B e HUE A
FAH R AAAEAR R ZE RS, AR BT IR A T35 N
FERIRI AR B, 2T 300 ) 5256 5 5 [0] FH a] 3
ST R SN A 2 A B e i g I e

4 ZEHRE

Bt Cry # 2 AE Rt H im0 ik % s HE A
XN G m AR &, AL
FEA T gk Bl vA b A 51 4530 78 S R 18]
JUP 385, Bt Cry & 2 il 77 R A L R Bt
HAEY T 5 K A KR RdE, Xl
RO H B R 0 A AR T2
T A AR A 47 A 2 4 IRV S5 ) AR H 2507
8o WRFTPUIARHE I 2% 24150 b g BT AR B Bt
PRB AR, DR B R JR R i R T AR B (R )3
i v HLAS B Bt Cry B2 R PL R IIAEN) Ab2B 2K
TG AR R BE DR T AR BRSO B[R, SE3LT Bt
Cry FRPURBLIY 10 1T I rTRES i
SR NV /28 A S P < I S el i D5 3 |
B, HEP R UM R BRI AR SR
PABLA RS B Bt Cry 25 R BT R Ih A8 T 4045
F AR, AU AR E B X Bt Cry 8 &
PP R T, [T o TR T & S s
EAFEN, HAERE Ext ARy B R
PR B e 4y, L HA R A oY A
SCFNTT T A N TR . AR ad ek B TSR Bk
BER D, R Ab2B KRG AR BRI BRG] T
12 AR SR W T 1 J s 5 TR T AR 4R P v O 1 4R
#5314 Bt Cry 5 Rt B BEAL L4 % B bR 3 L )
A% B M A IR (BUE R 20%-60%), A
HLA i S Ak N A, SXAEEIR M R R .
B BT DA bR T R A S ek A
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J5 AT A AR R e 23 [a]

TEPEIEA RN T, A 3 ZARFE R AR B9 AE
Y PE W TR AR R S R TR PR N R, R
CREL BT B FEVR A R EAS S dE M, 1
BURE TR PR B S s AR Ab2B 2K
RAHT AR BT A AL 2t A X 5 /0N o 3 el 4 e
B B e B W TR AR R B, LU
KRR, BEA SR TR AR PR S R ROR R AR
P A A T P R T AR R R LR R AT R
Xu Z5EVR1 Dong S 7143 B LA A A4 #1419 3 5 7
G 1) G VR N B A SR /R B BLIA A Bt Cry 8
AP A SR G DA (AR R T BREE BT AR B Ol VR A
BE, BIRIE AR T TR gAY AR
RE ERTHRERR; ik, (RS, #Wad
FYEE Bt Cry 5 3 G i W05 i A /R AR 1224 P
TEAFRL, A B A v 326 R A5 B pE IS Pk Y
Ab2B ZE Rl RF B HTAA

EAE R S BT, DL 2 s ARl R
SLREPUAR SR M S, 55 38U E
rP I B AR R s P A S B S BTAR B BT e sz iAok
RO ARFR RS G, XTEE Wi R ok
TREARPUM R B SR A X B, o B RS AR
B ARG AN RERY Ab2B SR HT MR
PUAR T X I SRR =, PR+
FAAEBT 4SS [X (crystalisable fragment, Fc A
BOMGfE, ARIGHIPLESS & F B (antigen-binding
fragment, Fab F BY)BETE PR 17 54T BRI 1 /Y B
PET SCIPUARSS & Bl iY G T RE X 3l 58 48 1
AR /IMEES 1 I RL Fab F BeAE A g e A5
REBE TH BT P2 Hh 4 SR EE AR e ph R B BT i 2%
K, Xu FPIRILUT R Z YA F(ab)2
BRI A, DA TR A S R A U B i R
BB T S AORTE T BT S R
A A BR A Ab2B R AIHUMARRIBTIA ;. Hao
USSR FZ O A, DA B A R R B IR 4 K
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PR RS T 2540 Bt Cry lF R PLEK
PR Ab2B BB BB, AR AR T
GLEETIERUNIOE & S DR TR S AR NS (VYT
A THERA. Hit, 75 HRPPTEY e
Sk e Re iR s SR R L 1V vt 3-8 > g g =K
& Fab 1&PEF BE A GREA, NHE A bR
R Y7 305

TERRFRPUR TR o T, I R
WAL 5% B e (strand displacement) . & 5 848 (site
directed mutagenesis)k & 54t PCR (error PCR)
BRI A SBE AR XS il Bt Cry B¢ R i A
LIYI(Ab2B ZERIGT AR T G ) P G T
—ERE G IRTT T 34.23%1Y), {HH BTk
RICR AN I DA AR 0 U 4D ) 38 31 i B R
AR PR K, BARiX 5 Barderas P01
T AR B s AR R RN WA ER (gastrin TA4)
BABE PR B S5 3L 454 f5F01 Boder 2P
EHYE B DNA 45 55 PCR A& HoRX %
J6 2 (fluorescein) B EEPT A S M1 114 5 208 1545
KA s ILTE Bt Cry B R B AR
VI (Ab2B ZE RGP TG P s F AR _F AT
AR KIRIE A ]

AL, 4HT Bt Cry 5 R Bt UBHIAE ) %
THHEmE, FERETEMEE Bt Cry R BUA A
PR AL, SR UM BB R B AR AT 2 A
B4l Bt Cry B R HURINAERT Ab2p ZE BB 4y
BIGTIR, W4 kbEE X Bt Cry 3 £t RALEE
AWHRAMENT, Bt Cry 75 5= M B FR F dUi 56
7 Ut HO#E MY, SRR AR E Rk
S NSRRI Ly SO S S R NEEG A
Wit Bt Cry 2 R HT R AID WA K Ry —FP g 7E
AT BE A . 2B BN A 43 0 LA Bt Cry B 3=
HbR T AR AL RSS2 IR OGB4 A X R
[ (HaCadCR9-CR 1 1)PHHIE AR 3 L /NS i 52 1A
ABCC2 M Al s 2 149 I pf 1 Je o A VR EE
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