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Target design and verification of insecticidal antibody against Plutella xylostella

XIE Yajing'?,  YANG Liying', HU Xiaodan’, XU Chongxin'?, ~ZHANG Xiao’, GAO Meijing’,
LU Lina*, ZHONG Jianfeng’, ZHU Qing"?, LIU Yuan'?, LIU Xianjin"’

(1.School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China; 2.Key Laboratory of Food Quality and Safety of Jiangsu
Province-State Key Laboratory Breeding Base of Ministry of Science and Technology/Key Laboratory of Control Technology and Standard for Agro-product
Safety and Quality, Ministry of Agriculture and Rural Affairs/Key Laboratory for Agro-product Safety Risk Evaluation ( Nanjing) , Ministry of Agriculture
and Rural Affairs/ Institute of Food Safety and Nutrition, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 3.Jiangsu Vocational College
of Agriculture and Forestry, Zhenjiang 212400, China)

Abstract: To generate new insecticidal proteins against Plutella xylostella by mimicking Cry toxins, two genetically
engineered antibodies (GEAb) were designed by using previously obtained anti-CrylAb idiotypic-antibody as template, main-
ly by three-dimensional structure modeling and molecular docking technology. The insecticidal GEAb-GGCC of GEAb was
found to show high affinity to P. xylostella brush border membrane vesicles (BBMV ), and had superposed BBMV binding

sites with CrylA and CrylB. Identification results of BBMV

%5 B #A:2023-06-30

E€WE: HEAARFREGHFFESIH (31301703) ; LIHFEH K
B A EQUHTEES T [ CX(22) 1009 ] 5 TR AL
FEAbH AN R AT JATS(2023)403 ] ; LA 14 K F es N (APN), B subunit of V-ATPase and polycalin. Be-

immunoprecipitation analysis showed that the midgut

proteins bonded with GEAb-GGCC included aminopeptidas-

2234 1 H ( BK20231384) cause the GEAb-GGCC is lack of a-helix structure which is
TEE A L (1983-) , 20 VLoRE 5t A, Wi, BIWFSE 61, 12k responsible for pore forming in CrylA proteins, it is specu-
SR, BIF9E 5 18] S A 72 i T 2 el . (E-mail ) maria_ lated that GEAb-GGCC may activate the downstream signal
xie@ 163.com pathway by binding with the midgut receptors to cause mid-

BIIEE  XIBE 4, (E-mail) jaasliu@ 163.com gut injury, which leads to the death of P. xylostella larva.
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W4 AT 18 ( Bacillus thruingiensis, Bt) & H
AU R 2 AR BRI | BB Br JERME
YIHE RIS, Br PrPEXS WS AN T2
SRR ARG R TR T B T e A BE AL
G PR B R A 2 AR PR 3 AT LA i 5 i) i Ak
ETFBOk P (R E BT B A W T VR AR
SN I kR 2E S LA R (IR AR, 4 Bt
HH CrylAc #7258 8 L, SRAR XU R 80K
e HA SRR I RARA . BEE TN AR, A
A& B A USRI 8 1 25 A DB A T B
30T, NI 8 B T AL o0k, DA
HHAYEPETY ) Tinberg 2 FITHA ML 45
AT B T S ARG, & B I 1) S A 4, 3l
AP HI B = 1A S BRI R R

IINFIK ( Plutella xylostella) J& F857 H 35y | %L
StHHFACRR SR A A E Y W K R R
Be FERVEM At B 425 (LA CrylAc N ), SEUN
Sl ATz U, B /R O A B2t
ool Rz —"  HERAE NIRRT CrylAc 1
itk FE S HZKATP 855 & W KK C 5K 2
( ABCC2) FIRRMEREIRRG (ALP) BIZERI8 A X

A AT AT 7 400 25 T Ik R AR P T 1 A5 2 MBS 4D
Bt H 1 Cryl Ab X FF9\E i M8 EL AT R B3 4 ) fo
FREIPUAR (B12 F1 G1) , ARIFSE XS B12 1 GI
PUBRR RIGT A AT [ Y50 A ABE - T 3L /N SR i (el
WRT , ALP) AT 53X 43 B | M3 4l xoF 422 T ) 25 SR
HEATRT 0 1 K vl AR AT FE ] TR BT (GEAD ) -
GGCC F1 GEAb-CCGG , -1 2L 0 BE A A5 Xif /1N 32 ik vp
W RIR I S B3 ( BBMV ) AT = 45 5 16 PR a9 g 7Y
A HUE TR GEAb-GGCC,

1R i

1.1 =#§ER

FIFH B12.G1 .GEAb-GGCC ,GEAb-CCGG ,CrylAb
F/NRIE ALP 1) 8 1 BT 28 HE R 7 5 AE swissmodel 9]
¥ ( https ://swissmodel. expasy. org/ ) 3 5l FE47 [7] 5 2
B, B12.G1,GEAb-GGCC ,GEAb-CCGG AR 73 51l
} 13r 68r 4qOr F1 6g8r, Cryl Ab Fl ALP HIREAR 435
A Lciy Fl 1zef, SEHURALGAIHIT T —2L00FX4%

target design; insecticidal genetically engineered antibody; molecular docking; Plutella xylostella;

1.2 5/ ALP 5 FX S

JH ZDOCK %A ( https : //zdock.umassmed.edu/)
X HC A& ( CrylAb ., B12, G1, GEAb-GGCC 1 GEAb-
CCGG) MZAK (ALP) AT 43 F X e W00 , 126 B e e
SHEE A, B R A R 45 A Pk B0 R 7F KFC2
( https ;//mitchell-web. ornl. gov/KFC_Server) '*' ¥ 47
PCAA/ 2 1A B 256 A X B 434
1.3 GEAb WRiE R4k

AN T4 GEAb-GGCC 1 GEAb-CCGG I #% iR
F3 , R Neo TFI Not T BV 25085 N T4 B A%
iRy 31 3% 42 & pET-26b 24K | 78 K % #T 7 B1.21
(DE3) ik, FIKE ALY &R (His) brssal
e K Wi EL , I Easy Protein Quantitative Kit #4178
FA R B R, 004 T o 7 R - R T s B
BEEHLIK (SDS-PAGE) ,

14 Cry EHNES

CrylAc . CrylAb Fll CrylBa % F FH ik iR 44 2% v
W (0.05 mol/L NaHCO,, pH 9.6) ¥ fi#t J5 43 %%,
-80 CIRAT .

1.5 /I\3EiE BBMV 8941 &

PRI DU % /N SRk s, SR G v [ 7
mmol/ 1, = ¥ H 3L 20 J& W e £ iR #1 (Tris-HC1) , 5
mmol/L. & % — Z it — DU Z R (EGTA) , 300
mmol/L H &R, 1 mmol/L I JL A% [k i ( PMSF) |
pH 7. 51VRIE , B TAIKE MR i 5152~ 3
A MgCLVEW ,4 °C .6 000 g B5.0> 10 min; B |7/
B EDE Y4 °C 24 000 g B 0> 30 min; BBMV
FH 4-52 2 BRI 2 B TR ( HEPES ) 28 thigu s it , 43245
J5 T -80 CIRA7F. BBMV ¥ i F BCA 25 11 e &
AR ST
1.6 Cry 5%70 GEAb 5 BBMV R4 S EEERE
R B i 7€ ( ELISA ) iR 58

1E 96 FLAR Hhn A 100 wL /N3 ik BBMV (50
pg/mL) 37 CHFE 2 h(ALh) , B, MIA 100 pL
(4 pmol/L) Hik (B12,G1.GEAb-GGCC Fl GEAb-
CCGG) B Cry # % ( CrylAb il CrylB) ¥ & . GEAD
EPURAIMA 100 WL FT4L & WL (HIS) 4T 37 C W
H;Cry FEFAZHMA 100 WL T CrylA 8 Cryl B 14
FLIMIE IR, FMA 100 pL Ed e —4ms . Fm
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FHJEEC R e (TMB) 22, I 32 450 nm % 4 19 1 '
JE(OD ) H, B3 AEE =R 3K,
1.7 Cry 5% GEAb 5 BBMV W& S EWET
FHEA (BLI) X3

IR EERELE (APS) AR AT 5 , 76/ ik
BBMV (20 pg/mL) R #4175 min (28%) &1k,
FEE A B 1 min, 23 S E R [FRG B (0.5~
4.0 pmol/L) i CrylB .GEAb-GGCC F1 Cryl Ab V&K
AT 10 min 456, FEE AR ES 10 min,
1.8 GEADb XJ/NE K 4 ¥iE N E

HIETRER WL (PBS) 2 mil X 4lifb i) B12 .G1 ,GE-
Ab-GGCC ,GEAb-CCGG HI Cryl Ab #EWIHEAT 2 f5K6 E
Pkt BENILFANA 1 mL _ERFRRR 0 & AR,
BT JE A 30 HU/NRk 2 #4hdt, 7Ei 3 d.5 d
J& TSI SR e TR, M 3 AN ER &
53, FETH =BT A /N S A< 100%
1.9 Cryl #5%5 GEAb-GGCC i) BBMV =%
ELISA {18

XF Cryl 253 % (CrylAb  CrylB Fl CrylAc) (500
mg/mL) #EAT 2 546 BERR B JT, 5 SR K FUY GEAD-
GGCC(ZAMRIE 2 pumol/L) 121,37 CHFE 2 h, 1E 96
A ESH 100 Wl /N0, BBMV g, 7%, 205
A 100 pL B3k Cryl 2858 5 GEAb-GGCC IR A
YIFE 2 hy A 100 L Bt His —HUFE 2 h Y 3%
WORRE W8 E 0D, B 3AER HE 31K,
1.10 GEAb-GGCC Hy/h¥E i BBMV £ &5 EHK

BBMV 5 ULIE: ¥ GEAb-GGCC 5 /3% ik
BBMV 7EVK EWEE 12 h MRS Y T 4 °C (16 000 g
B 1 h, ULEEA 1 mL ¥ % 2% th % [ 50 mmol/L
PBS, pH 7.4;1 mmol/L Z —f#PUZ R (EDTA) , pH
7. 431 mmol/L MgSO, ; 10% H ;2% 3-(3-( ML
I3 ) T H IR SN L) -1-N B R N 3 (CHAPS) 5 1
mmol/L PMSF | &5, VK LI HE 1 h, 4 °C .16 000
g .0 1 h, W3R, A Dynabeads ® His-Tag i
WK B E AR, RS AR B O E
T 5 b, W& FiE W, H Binding/Wash buffer
(50 mmol/L PBS, 150 mmol/L NaCl, pH 7.4) B &
Jo VR 4 R BREEREE R T 50 WL HLIKIAESZ o
Wb, &85 T SDS-PAGE,

PRFRSUBTIE (PME) 34T - HAE I S5 DI P e
THAL, PR B RORAR (i iy SRR TS 43T , (4T Mascot

v2.3 MR e 58 [ E Z AW ARAE B H 0 (NCBL) /)
SEMBIRE (plutella_db.fa ) A H8R SERE

2 HERS 0

2.1 GEAb WigitAR5 ALP M5 FX #5017

F£ BLAST % ( https : //blast. ncbi.nlm. nih. gov/
Blast.cgi) ¥ BEAS B12 Fil G1 7355 Cryl R &R
(CrylAb CrylAa 1 CrylAc) #4755 He XF, % Bi
B12 fy#EHE CDR 1 X5 Cryl 28285 K AR ST 454 1
Endotoxin N Z5 438 1) ¥ 5 AHALL, B12 ) 444%E CDR 1
FE24E CDR 2 X5 0R5F 45450 Endotoxin C 5145
ISR, Gl IR 4%%E CDR 17 [X 5 5 57 45 44 15}
Endotoxin C 53k P FIAHMRL(FR 1) , FETF LiRgs
BRI T 24 GEAb (I 1A) , H-EfT TEA
JE IR PR BLAST 23047 (3 1),

F1 EARFIREESTER
Table 1 Protein homologous sequences by BLAST analysis

, . " [ CrylA 2
B12 H5% CDR 1 Endotoxin N( Z5#4181)

124 CDR 3

%4 CDR 1 J#4E CDR 2 Endotoxin C( £545RI)

GS &R Endotoxin C( £5F43R1I)
Gl FHECDR 1

@i CDR 3’

124% CDR 17 Endotoxin C( £5+43sK1)

5% CDR 2

GS FEHK Endotoxin C(Z5H431)
GEAb-GGCC  #E#f CDR 1°

% CDR 3’

1245 CDR 1 J#4 CDR 2 Endotoxin C(&5HgiIN)

GS HEHRR Endotoxin C(£5#351)
GEAb-CCGG T CDR 1 Endotoxin N( £5#4/1K1)

i CDR 3

5% CDR 17 Endotoxin C(5#43{10)

%4% CDR 2’

GS FEZAK Endotoxin C(45H44K1)

CrylAc B2 K2 H /N2 ALP, 5 ABCC2
Eb , HA BN AR X 437 22 DA R A N AT A B 45 R
R Wk GEADb 4r F X #EAR , T 7 F X #2
(F1B), & F XM, Cryl Ab Al GEAb 4371
5N ALP 1) 2 DG IX S5 430 ALP %%
REEAX T (Woy) Rl ALP ZARZE A X I (A Yoy
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Y, (E2), &%, GEAb-GGCC 5 ALP 2 {k %k CDR 1 H%% CDR 2 . H4#% CDR 3 Fif24% CDR 2( &
BHPOE IR EHAR (B12 G1) BN, A5 EsE  2) ,#E GEAb-GGCC 5 ALP W25 &6 T & .

A B
GEAb GEAb GEAb-A LP
=YLy XHEE G —4E4iks

Y
pp | OFAGGGCC
= 2B GEAb-GGCC-A LP
GEAb-CCGG
A X
== % GEAb-CCGG-A LP

A GEAb BT ;B. 5 ALP W43 X504, B12:B12 & ;G G1 & i ; GEAb-GGCC : GEAb-GGCC Z 1 ; GEAb-CCGG : GEAb-CCGG
1 ALP . PERERR RS ; GEAb-GGCC-ALP ; GEAb-GGCC 5 ALP W55 414 ; GEAb-CCGG-ALP ; GEAb-CCGG 5 ALP WX E&1K,

1 EEIEHE(GEADb)-GGCC HitEHL(In silico) iZit

Fig.1 In silico design of genetically engineered antibody ( GEAb)-GGCC

- / \
A LPZAREE A IX 8, 1 i e 25 [ 4 A LPZAREE A X85 1T

A=

Endtoxin M (Z5#4)18; 11 ) Endtoxin C (£5#J38 111)

L SGPEFTF NIQNRGYIEVP,
H#ECDR H#ECDR
CDR 1: ,SQSISSY,,  CDR3:  PWSAF
HEECDR

CDR 2: YAASR

#EECDR THECDR
CDR 1: ,SQSISSY,,  CDR I:, FTFSSYAM,,

160
CDR 2: _RIHTSGDS,,
CDR 3: , DYRW

HEHECDR HEHECDR
CDR 2: ,RIHTSGDS,,  CDR 1:, FTFSSYAM,

CDR 3: , CAKDYRW,,

BHECDR
CDR 2: ) YAASRLQS,,

#HECDR i
CDR 2: | YGASTLQS

190

GEAb-CCGG

Rt B R ALP (Surface F30) 5 ALP Z56 X 1 (Wyy) FIZEE X I (Ayy Yoy, Vi) o A FIF:Cryl Ab 5 ALP (45 &7 5, 5 G T3
HOPREE IR P AERCIRZE & XU 7R 5B 1 G B12 5 ALP IS5 G 00, S8 o T i PO ZURE MR, JFAE LIRSS & X3 iR ; € FIH: G
5 ALP (550, TR E G TN A3 R , TR AR FCAR S & DX b {278 5D F1 1: GEAb-GGCC 15 ALP BYZ5 & LA, K S T A P &
TR IFAERARSS & X I0h B/R;E M T GEAb-CCGG 5 ALP IS5 A AL, 206 TN (1 #0 s EUE IR , I AE IR S & X0 R

B2 CrylAb.B12.G1 FIEE TEHifl (GEAb) 5 ALP 5 FX BN E SR

Fig.2 Binding sites analysis for molecular docking of CrylAb,B12,G1 and genetically engineered antibodies ( GEAbs) to ALP
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2.2 GEADb /NEHA BBMV £ & & 14181
GEAb-GGCC 1 GEAb-CCGG 5 /N3¢ i BBMV

254 71 A ELISA i ik , 25 2 2B, GEAb-GGCC

BAE T BBMV 45536 M (& 3B) ., H/h Rk

BBMV %54 BLI 9150 X GEAb-GGCC #4726 M1
ME , #iE GEAb-GGCC X} BBMV EL A 45 7 26 f fy
A BEpE 50 200 300-1300-2 400 M
- o @ 2 000
- @ 55000
“ - 43 000
T
= 26 000
0.8 GEAb-GGCC
°1 C  APS : BBMV
—_ \
£ 06
o
5 04
= ;
P S ————
' K, =(12.80+1.47) nmol/L
0 200 400 600 800 1000 1200
HfTa] (s)

Wt (0D 450)

[EA S 8 (K,)= 12.8 nmol/L], H 5 CrylAb
(K, =127.10 nmol/L) #f It , GEAb-GGCC X} BBMV
FISERS 5 (& 3C K 3D) . GEADb X /N3 4 A=
PG E 45 R B, 3 d BF GEAb-GGCC X /N ik
HIESERBEEAR B12 .G 7,5 d B} GEAb-GGCC [

HICRAIE 95% (K 4)
L6r g
14t
1.2f
1.0f
0.8F
0.6
0.4F
t -
5 [] -
B12 Gl GEAb- GEAb- CrylAb PBS
GGCC CCGG
AN
0.6 CrylAb
D APS: BBMV
£
’;1? 0.4
= -
LE
02 K,;=(127.10+2.21) nmol/L
\R_*________
0 / I I ]
200 400 600 800 1000 1200
HfTa] (s)

A FIHLA R (His) b2 2k GEAb-GGCC Y HLTK SR (FEVE - BRERRERA TR IR ;50 : 50 mmol/ LRI BEBL ;200:200 mmol/ LEKIME [ eI
T 5300-1 71 300-2: 300 mmol/ LEKME R BEML ;400:400 mmol/ LKME KB MLV ; M : marker; i k R AR ALY GEAb-GGCC) ;B : &2 15T CrylAb,

B12,G1,GEAb-GGCC ,GEAb-CCGG /N ik BBMV
BLI

TR RS 600 s BYSEIEE G LR ) K, : BRI W30 D CrylAb 5/hZR 4% BBMV 454 1Y BLI
600 s, H-AEZE MR B 600 s HUSEITES SR hER ) .

BBMV; £k APS $REFG18E BBMV J , 405 578 [F# B4 CrylAb

4
ey

SEA IR S A (ELISA) 558 (0D,50 ) ;C: GEAb-GGCC 5/N3E ik BBMV
LEE MR 2R (APS © BBMV ; APS #4108k BBMV ; 1260 APS #E2 8% BBMV J& , 751 5 R R E 1) GEAb-GGCC

Gy

&Zinm

+
oE

600 s, IFAEZE
2R W N BHZE (APS : BBMV : APS R4 U 9%

B3 EETEHE(GEAD)-GGCC 3/NEH P mRIRIAZETER (BBMV) & &E Y
Fig.3 Binding activity of genetically engineered antibody ( GEAb)-GGCC to Plutella xylostella brush border membrane vesicles (BBMV)

120
100
80
60
40
20
0

INRIEFET 3 (%)

PBS

B12

Gl GEAb- GEAb- CrylAb CrylB

GGCC CCGG
HE R

03d; m5d
PBS. # M2 #h ¥ W, B ¥ 4 J; B12, G1, GEAb-GGCC, GEAD-
CCGG CrylAb CrylB MHiiEE A,
4 EETIRHME(GEADb)-GGCC /A £ WiFEENE
Fig.4 Bioactivity of genetically engineered antibody ( GEADb)-

GGCC against Plutella xylostella larvae

23 GEAb-GGCC 5 Cryl £ERBRHEEH BBMV
HEMR

K554 ELISA 33 F GEAb-GGCC 2B
Cryl K5 A S BBMV 25 & 004, B
Cryl 288514 5 ( CrylAb , CrylAc 1 CrylBa) B N
WREE RIS B, /NS BBMV 5 GEAb-GGCC Y45 &
Wiz A (E 5) , Bl GEAb-GGCC 5 Cryl 288 A
i B & BBMV 255 07 53, 2P i F GEAD-
GGCC @ iF#Bi4ll CrylBa CrylAb F1 CrylAc R 5
BBMV %54, FEA N CrylAc F CrylBa & 7 ¥
(125 pg/mL) B}, X} GEAb-GGCC 5 BBMV 4541
T R4 5 AT 35 69. 8% 1 73. 6% ; £ 4% FH CrylAb
VERZE 4 X G F A & AR i % (HFF 2R 2
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R E A . CrylAb CrylBa 5 CrylAc Xt GE-
Ab-GGCC A2 MR B (IC,, ) 7318 89. 6 g/ml.,
37.99 ¢/mLF149. 18 g/mL,

100.0
80.0 r <
< =
< 600 =
E 400 s
£ @remaee Sap
200 -
S
1 1 1
0 1 2 3
B VR FE A XHL
® CrylBa; © CrylAc; = CrylAb

Bs5 EEIEHE(GEAb)-GGCC 5 Cryl XEAMBEES
SEREK S R iR 36 ( ELISA ) 45 R
Fig.5 Results of indirect competitive enzyme linked immu-
nosorbent assay ( ELISA ) between genetically engi-
neered antibody ( GEAb )-GGCC and CrylAb,
CrylAc and CrylB

2.4 5 GEAb-GGCC #&R)/NEH BBMV EH

I BBMV-pulldown Fil PMF Z3#7 % %2 H 18 4~
GEAb-GGCC 1) BBMV #4551 (&l 6,3 2) , Hrf
AFEH WY Cryl Ac 2R ZIKEF N(APN) 1 CrylAc
254 M V-ATP [ B IV J | polycalin, A % 5 F|
CrylAc BYH ULAZ 44 55 %5 2 111 (CAD) 3¢ ABCC2,
L L, & 305 R ATTHT 0 2 3845 19 GEAb-dVL
TEAEAR A A9 BBMV 254 25 (4, W0 polycalin | JLER 25
H LB E A ATP GBS, 0 G KB Z 42
BT A 1 i 5 GEAD-GGCC 454, iX 5 i
AT GEAb-dVL!™ (B 5T 45 R, Bl 24
AR I A S GEAb-AVL 454,
2.5 GEAb-GGCC /31 APN3 1 APN5 B4y
FIFEETM 43 #7

/NI APN3 2250 Eh CrylAce BT A Y)fE 32
R, HY CrylAc FrtEME" . 7E CrylAc HitE/N3E
I & 2 (4 DBM1Ac-R  NIL-R ,SZ-R 1 SH-R %
)W, APN3 55 Br sz AR B AR X Rk 2N (H 5
[FIEE E3E T APNS S5 [RIRAE B 52 AR D 1 AH X 3%
N, A TPXTETINEE R B R, GEAb-GGCC 435 vl
5 /NSRik APN3 Fl1 APNS 454 1B GEAb-GGCC /)N
ik APN3 Y455 1X 5 CrylAc AJA], CrylAc 125
APN3 %54 (7))

GGCC+
BBMV+ BBMV+
M beads beads

180 000
130 000

95 000
72 000
55000

43 000
43 000
26 000

17 000

M : marker; GGCC+BBMV +beads : GEAb-GGCC 5/N32 1% BBMV i
A5 5 H His-Tag #42k %8 JIVE ; BBMV +beads : BAEXT IR, /N3¢
Ik BBMV B3] His-Tag RERFREVTIE
B 6 i@EidrhBRIIRIALKIESE S (BBMV) %&EITE pulldown 3%
B5ERATRHiK(GEADb)-GGCC & &K/ ik BBMV
EQRKER
Fig.6 Electrophoretic results of Plutella xylostella brush border
membrane vesicles (BBMV) proteins binded with genet-
ically engineered antibody ( GEAb)-GGCC in immuno-

precipitation pulldown assays

R2 MR D %8 ( BBMV ) -pulldown =48 i B9 5 18 i
RKIESURIE (PMF) £E R/ K BBMV EH

Table 2 Plutella xylostella brush border membrane vesicles
(BBMYV) proteins detected from pulldown assays and
identified by peptide mass finger printing ( PMF)

g nemggn AR BEZ memiew

1 gi-AVV48151 326 16 polycalin

2 gi-768433450 25 9  NEREAEH

3 gi-768408046 115 5  ZUikAEE N3a

4 gi-4852629 107 7 SRS NS

5 gi-768438247 108 6 FIHAF Nda

6 gi-1870064 106 3 HUKEE N2

7 gi-205361527 60 1 2t EE pd50

8  gi-768451008 46 5 SERERRI SR

9 gi-768408000 55 4 ATP A3
10 gi-768420669 57 3 AR
11 gi-768413458 57 2 BAILERE
12 gi-671871185 59 1 P450 CYP6 K 10
13 gi-768410410 57 1 Z& V-ATP /i B W3
14 gi-768438971 53 1 Transportin-3-like , #5>
15 gi-768429125 37 1 EEREEA 177
16 gi-117970202 4 4 hEA
17 gi-768448508 24 1 SRR A AR
18  gi-672012377 60 1 AEEA 60

NCBI: [ [H ZZ AL WA Bt



1218 Lo Al # R

2024 4 55 40 & E T W)

APN3-CrylAc

APN3-GGCC

A /NI APN3 ;B /NEMk APN3 5 CrylAc B AR C. /M APN3 53R TR FLIAR (GEADL)-GGCC B AR D /NE K APNS; B /N3 Ik
APNS 5 Cryl Ac B4R, F./NEIR APNS 55 GEAb-GGCC & &1, APN.EJKHEE N; 210 . APN () MI_APN-Q {57 X 4544 ; i 4% {0 . APN 1) ER-
AP1_C J5FIX ;B0 . APN ZEIBIX ; S8 . APN P9 X Wik (5 . APN (1 oA IX 38k 5 42 €7 . Cry 1 Ac; #8 2. GEAb-GGCC,

7 ERETREHM(GEADb) -GGCC 5/ APN3 F1 APN5 H) 5 F M 4 R

Fig.7 Results of molecular docking prediction of genetically engineered antibody ( GEAb)-GGCC to Plutella xylostella APN3 and APN5
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