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Screening and detection of Cry2Aa-binding specific single chain antibody
fragments ( scFv) from a humanized phage display library by magnetic
beads
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Abstract: To develop a rapid detection method of transgenic component in agricultural products, specific single
chain antibody fragments (scFv) against Cry2Aa toxin were isolated from humanized phage antibody library ( Tomlinson 1) ,
by optimizing the magnetic beads and liquid spanning strategy. After 4 rounds of “amplification-adsorption-elution” , single
colonies were randomly selected from counting plate of the last round for identification. After DNA sequencing, the positive
clones with better binding activity were selected to develop an indirect competitive ELISA, and the detection range of the

ELISA was determined. The relative yield of the fourth round of screening was 4.07x10° times higher than that of the first

round. Totally 8 positive clones were identified by indirect

Y& B 3 :2016-07-12 competitive ELISA, which recognized Cry2Aa specifically
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W, (E-mail) zhizhuodelei@ 163.com develop an indirect for Cry2Aa detection by the ELISA

and contained the complete gene fragment. The positive
clone D5 showed minimum detection limit of 6. 632 ng/ml
and linear range of detection of approximately

0.016-2. 881 pg/ml ability than others was employed to

BIEE X4, (E-mail) jaasliu@ jaas.ac.cn method. This method developed in this study has good spe-
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cificity for Cry2Aa and reproducibility between the plates.
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AR T 100 245" BAREE SR DL G
PER AR AR S S BT R R S Ak A, (H
HIREE A S KUK e 7E BB A% 33 1) A 9 RS 1 oA
RN FEAIEAL ) DR A ST 24 ARG vk T
BEILDR P2 S 2 A WA AR IR A R XURS BEAL B R
B R L,

E AT, B LR 7 i A ARG I R = A 2 T A% R
Rl iy Z2 BB B PCR H2 R, Bl 4n 5 i 2 06 /2
PCR FFA A S48 5 4% PCR 4517 T8 (1 kG )
(1) ELISA Sl L W8 e SR F AR Hop s
R DAICHERf | 28 0F (S O 34 E Ry PR A 2
I FHER R )2 R R T G G I %) 2R AR oA
B S B TP 4 1 A B ik (5
PR B PR TR A L) L JE 75 iz | il 5 ) 400 e 5
oSz e, N T AR PUR B b R 1 e
F AT LK SE PR Y 55 SR I R R R AR X SR LT Y
O TR AR A I v AR SR R F AR, A
NG A PR BB BT AR R T R £ X Cry2Aa F 2R
F 5 Y BB, Shy 8 N7 3 PRI R A PR ARG T
285 LAl
1 #rek STk
1.1 ##

TR AR I B A B0 B BT AR % Tomlinson 1 (JE %5
1.47x10%) 4l BhWE 1K KM13 | Escherichia coli TG1
FlE.coli HB2151 W T [ S M K2 73 AE W2 5
B2 AR TR TR O, IR R A RO R 2
B B i B e SR ST I B AR N B AT
R, Cry2Aa B FARIES G F LA BEA R, SEM
FH ¥ Wallac 2wl 24k 5 A ZE bR id 19 #% 2k
Dynabeads Myone streptavidin T1 4 F Invitrogen 2
Fl, HRP-BT M13 B g BEHUAANS T Pharmacia A H)
BSA (4FIiEHEN) WASTR RIRER AN E
B2 SR G  TMB (PO H EEH IR ) \PEG g0 (R
LB 6000) EHIE T SIGMA 7]

1.2 Fi&

1.2.1 A4 E4F3T Cry2Aa  EM# 0.2 mg Cry2Aa

Cry2Aa toxin; specific single chain antibody fragments(scFv) ; magnetic bead; indirect-competitive

FEAET 0.2 ml BEERELZZ WP (PBS) H1, 0 1 mg 4=
WET 50.0 wl @2tk 1 0.7 pl AR E N
AR A SR T, ZEiECE 30 min, FH PBS ik
afifbAt, FRE I 1.0 ml PBS 2% mhif , W48 kit
Y, HEEH (RS Alpha-1506) I 5E A 4 R
fE1Y Cry2Aa 7E 280 nm A AR SCAA , DA T A 2K 14
Fr i, A HABA-SE FNE 26 A ) R AR iC R
o EWRMWEATT 4 C FM N

122 % 140k SRS 7 kmiE s
2, R bR B9 05 2R - Tris-HC1-Tween 2% M1 i
(TBST) k5, 1 BSA Ei &, BRSPS ER. (1)
REREER , FH 1 nmol WEESEYIZE AN 1 nmol AW HRAL
[ Cry2Aa 73515 500. 0wl FHH IS A% 2K 25 T T 0
B 1 h, FHRGEZR B G2k, KBk 13, 75 TBST
PRISKEEET & 1% BSA 19 TBS . (2) ffifiik,
Y Z BB REER TN 1.0 ml 538 G5 i w5 18]
PRBUARIE Tomlinson 1, FIRIFE 1 h, FH RG22 0% [t
WE¥E . (3) BrlR ik, B LRSI LIE ALY
FAH Cry2Aa WEERY, EIRIF T 1 h, H#EMELL0
PRGEEE , 37 138, TBST PE¥ 10 ¥k, £ i, (4)
B, A 250. 0 wl 10 peg/ml 45 A, 2 30 min,
(5)H 120 pl VRS A ERE A AE] 1.5 ml TG1 h
(ODg,=0.4),37 C 7K 30 min, 3 300 g &5.0 10
min Ji5 Il 200. 0 wl TES Z& i, Y504 A 7 TYE-A-
G A b, B AY 120. 0 wl i H wARAE, B 10.0 wl
FRA G R DN Ok P 0 B TR AR AL
(6) IRHJEH £, H VR T 1 & 1 Fp T ff 15 R 5L
HIEEFRE 0Dy, M 0. 4, IIAKH BIWE R & KM13, {2 4
30 min, JITEWEE,37 CHiFE 1 h JGIRINFIREE
FAUE N 50 weg/ml, 30 °C 200 r/mindf FEi R, K
H10 800 g &0 15 min, I8 & B H¥% 1 PEG/
NaCl H T e W B 4 il Bt R %

123 H2~4%0Hik 5 2~4 TS 1 M
fBL, R 1E FH A7 0 2 SR ek, {HL ELAAE TR AR 2, A=
PIRALI Cry2 Aa SLBEREER SR EAL, 55 1 f o 250
4 %4357 1 nmol . 100 pmol , 10 pmol . 1 pmol ; P& %
UHCR 1 5255 4 8RR 10 TR .10 ¥K,20 % .20
",
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1.2.4 #5 ELISA %558 HEEhUk LiER R M
55 4 BT BOEAR - BREURAS SO B ALY A
100. 0 wl 2xTY-A-G [ 96 fLARH',37 C 250 r/min
Regfad 1% , I HEL 2.0 wl N 200. 0 pl Hréf 2xTY-
A-G BigR3E 37 C K537 2 h, A 25.0 pl 2xTY
TR (AN AW 100 pg/mlZ R E R R 1%
HIEIBELL M2 1} 10° KM13 4 By 1) 37 C o555 1
h, & 1 h,1 800 g #.L» 10 min, & FiE, UiiEH
220.0 pl 2XTY-A-K & 7%,30 CH =%, K H
1 800 g #5.0> 10 min £ 1, ELISA %5 . (1) fuk,
LA 100.0 wl 4 wg/ml Cry2Aa 2B 4E5; (2)
H, YebE B LA 200. 0 pl 2% MPBS, 25 i &
12 hy (3)I0AE, BEAR 3 ¥k, 28I EL 100. 0 pl B0
NI LIEWOMAEFL T, BIPEXT R 2XxTY-
A-K,ZIRIFE 1 h; (4) %0, PBST Ytk 3 Ik, i
Jin HRP-HT M13 HUiR, EiRIEE 1 h; (5) IKP A,
PBST et 3 Wk, & FL AN 100. 0 wl DU F 3 B 4% i
(TMB) % %, % i T SV 15 min, JI1 50.0 pl 2
mol/ LERFRZ¢ 1E 2 i, I % 0D450{E0

1.2.5 PCR B3z F  HFCE ELISA FHME/ B
FEAER T 2. 1 W SERe s FHE Fo ke, oK BH A o B 43 1
FERPE] 1.0 ml 2xTY-A-G 5355 37 °C 5353 %t
O, 1.0 wl BB PCR BF H 2 447 935 bp
SN F Bt . PCR 5% LMB3: 5'-CAGGAAACAGC-
TATGAC-3';pHENseq : 5'-CTATGCGGCCCCATTCA-3'
PCR SR 25144 :95 °C WA M 10 min; 94 C A5 1
min, 58 °CiE K 1 min,72 CZEfH 1 min,30 MG ;72
CHEM 10 min, H] 1.0% 35 IEREEEREXT PCR 7 ¥ i
TTE0IE, H PCR % A e 8 Am A MY B e R 7 3
PRI | X 45 SRR 7 H X T

1.2.6 [A4354 ELISA xS HU50.0 wl 254
TG PR AR B I (& 1x 10 MR IR 54
[ EERY Cry2Aa BE R M (FH CBS Z2 0PI L i 1 20
pg/ml 10 pg/ml Al 4 pg/ml Cry2Aa 3 %, FXF 4
pg/ml Cry2Aa BERIMATAPERBEE 1.953 ng/ml) IR
AT 37 CHF SR, K HHRGEMAEYA
Cry2Aa (4 pg/ml) 19 96 fLARH,37 °C 97 2 h,PBST
Yeb, A Z 40 (HRP-HL M13) W% 1 h ), (5, I
0D, M8, DAMER IR FIEW (A Bt & ) KL
FEEA BHAE AL, LAt A B 7 (L, TF 58 0 4 2, ol ) 5%
(1= (BAYEME-RVAE) / BHHEEX100% [R5 H:
fiby Cry ARSI AR (P/N) N 2 Cry S ESLIY

WCREAHL, P o5 SR S AL B G REAE, 2 P/N>2
AP S A S XU

2 45 R
2.1 KMI13 #Bh & E <%0 Tomlinson I FTi&ERY

AR 0 e A9 3R X (O B2 = W R B A
TR BRI 100) THEREE . 455 o KM13 iR
2.0x10" PFU, §LARFE Y 14 J5 AR AT 1 6 1% B2 3.2
10" PFU,
22 HREEEFERENESE

VIR R 108 235 5 B0 Lo 5 4 0 00 0 s %o g R 44
PUARPESAT T 4 RoWARAL I | 452 WoR  Ax =
PG TR AR B G = MR R 4 R 1 iR
B T4.07x10% (£ 1)

R 1 Cry2Aa BETRYH G X I B A L i 2 SRR
Table 1 Selective enrichment of phage antibody against Cry2Aa

S S (L X
1 3.2x10" 5.6x10° 1.75%107°
2 4.3x10" 2.4x10° 5.58x1077
3 5.9x10" 6.3%107 1.07x107*
4 6.6x10" 4.7x10° 7.12x1073

2.3 HTEEE ELISA £E#i Cry2Aa (A2 [E

FESS 4 RRVEi b BEALPEZE 100 A4~ BRE
7% VABHYE/BAYE LA R T 2. 1 A PR o, &P g
& ELISA Rl akAs 47 AP e ke, PN kit
FHPEME R T 1.5 /9 8 S FLfE A4 A8 B4 .C9 D5,
E11.F3 G8( & 1) #4775 EeF 5% .
2.51
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1.5F

0D450
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Fig.1 Phage antibodies against Cry2Aa detected by mono-
clonal phage ELISA
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24 HEEEEPRETER PCR £F

XF AR 8 ANPHM: v AT PCR A, 7%
935 bp Ab¥A A H YA (L 2)
2.5 BEEEREZEFEIINE

XF EIRZE PCR S UE ) FHAE v B34 700 1y 91 5
FARFEH X, e & A5 5] 3 bR A [ S HL 1R 591
P BHPE R (] 3)

M A4 A8 B4 C9 D5 Ell F3 G8 TGl

2000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

935 bp

B2 BEEREEEMNEERE PCREE
Fig.2 PCR identification of foreign genes in positive phage

clones

VH-CDRI1 VH-CDR2

D5 MKYLLPTAAAGLLLLAAQPAMAEVQLLESGGGLVLPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWYVSTITSYGSATNYADSV

E1ll MKYLLPTAAAGLLLLAAQPAMAEVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSNITDAGGCTY|YADSV

F3  MKYLLPTAAAGLLLLAAQPAMAEVQLLESGGGLVQPGGSLRLSCAASGFTFSSYAMSWVRQAPGKGLEWVSTISTYGGATSYADSV

VH-CDR3

Link

D5 KGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKSGNYFDYWGQGTLVTVSSGGGGSGGGGSGGGGSTDIQMTQSPSSLSASVGDR

Ell KGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKSACTFDY WGQGTLVTVSSGGGGSGGGGSGGGGSTDIQMTQSPSSLSASVGDR

F3  KGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAKTNDSFDY WGQGTLVTVSSGGGGSGGGGSGGGGSTDIQMTQSPSSLSASVGDR

VL-CDR1 VL-CDR2

VL-CDR3

D5  VTITICRASQSISSYLNWY QQKPGKAPKLIIYSASALQSGVPSRFSGSGSGTDFTLTISSLQPEDFATY Y|CQQCYSNPY[TFGQGTKVEIK

El1l  VTITICRASQSISSYLNWYQQKPGKAPKLILIYTASGLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATY YICQQCYSTPATFGQGTKVEIK

F3  VTITICRASQSISSYLNWYQQKPGKAPKLILIYSASNLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYICQQSSYGPDTFGQGTKVEIK

D5 RAAAHHHHHH
El1l RAAAHHHHHH
F3 RAAAHHHHHH

VH-CDR1 .VH-CDR2 ,VH-CDR3 N HUE5Hi A T4 W 48 X, VL-CDR1 . VL-CDR2 . VL-CDR3 N HLEEHL AR5 W A8 X, Link M Bs Pk & a2

[ A FE IR

3 3MEBEEREREENEERFT

Fig.3 Amino acid sequence of 3 positive phage clones

2.6 [E1#E3E4% ELISA #0757 % &

FHIFIEEE T S BEARIE 5 R (OD 5 e K ) 1Y
FHE 52 B D5, FH ) 42 58 4 S 0 3 r i & or T
Cry2Aa HUbRUESDHI M 2 (18 4) . £ 0.016~ 2. 881
e/ ml LRGN BBl Y (1C,,—1Cy, ) , £ Il )9 7 72
Y =11.525Inx+67. 804, R* = 0.947 4 , Fe AR AG M BR
4 6.632 ng/ml (IC,)), %J5 X CrylAb, CrylC |
CrylB Cry3B %%; % 85 Hll & /9 P/N HIB/NT 2,
R BB BT AR R S AT, 8 6 AT
WEERY Cry2Aa 73 28 8 1V W E A7 A P9 R AR ) 3
BT, AR — VR B T 1 1 IR O (T 53 S BOR b
WM 22 15 2R N 722 S RECK2.5% ~ 7. T% , i [A] A5

5 REON 2.6% ~12. 3% M A EE M RAE

100

90|
. 80f
x* 70
= 6ot
¥ sof
£ 40-
= 30k
20f
10F

1 1 1 1 J

0 2 -1 0 1 2

Cry2 Aaifk JE 4L

B4 BEEEREESEIE DS HH0 G Lk

Fig.4 Inhibition curve for positive phage clone D5
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AW 58 R N UE A W B IR R R SC R X
Cry2Aa BERIAT T 4 500 L3R 07 3 |, W 23R 45
T X Cry2Aa B 22 20 R 48 05 9 58 1S BP0 14
TR O 5E SR FH VROAH R B 5 A 10 O =X, S 4
1o 7 355 11 250 2% 0 e KRR R AR AT 8 2 R ) I I T
PR FORE P AL T — OB 0 SR, AE I AR T R IR
T, FRATECT 2 Sk Ot B b s
AW R T B, D AR 2R A A 0 TR A
WE ; @iz 9k Y R AL Cry2 Aa 40 1 i 2k 1 vk
JEIETESE 2 ~ 4 S0 R0 vk Uk Bk, T O O 4%
U0 AR R S S R IR Y S B A A B
ELISA 5, X528 4 %27 0y se BE R AL Pk T
100 TS SR B R MRS AT
47 % , Ut B AS TR 56 SR FH 19 078 356 D7 1% nT DA 30 AR
75 Cry2Aa B R FF 5 ME4S5 G 1Y & 26 A T 1
FLRE

BT Cry2A XJ %38 H 3% i B A R 4F 0 3 1
PR, PRI R ok 92 SR AIC A 3 o Cry 1A 5
B YU S R, Cry2 A BER BYHES I
FH AR5 R T 05T 6 A Oy i WF 5. LT
S5 1) A S AR A R - A% R R R R S A B
BEPURAR I Cry2A A, REIEN 1 pg/ml'",
1717 5% 5 55 F1) Y 2 T 45 88 S % BB R | AR A=
Yy 5y ¥ R AR EAE D e 4 i SR IEE M Cry2A 4R
FI R SR B e B BTAR , X Cry2 A 25 A AS T R
B AT A 10 ng/ml' ™' fy F e B R B A KL
BB — A A 7 SR A AT DR S B AR S b
W PR S DN R0 e ) b R A IR 7 2 A )
) Cry2Aa B 4% B K /9 & IR K DU R 6. 632
ng/ml, X} Cry2Aa EA B AF 0955 5 M FAR 4 A )
I, R LA R — e By S B E

AT T 45 e W7 0 8 AR A5 Y B B Ak Y
HHE CDR1 XA 224k, R W E %4 CDR2 XAl
CDR3 XAy k722 /] REXT 45 5 BCR A R m ,
W, J5 25 A ok R P A 58788 3 s R A7 28 0 ) g
L G i A = R NEOR CY = N VA ) | B2

ARSI D7k o AN 7 B AR A B9 Cry2Aa EEH
R RN RS X N T RO e SR Nl
FHEAE AR SR AL 42 1 B8 508
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