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Isolation and identification of a human single chain Fv
antibody against amyloid-beta 1-42 soluble oligomers
from a human phage display library
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Abstract: To get specific scFv (Single-chain fragment variable) antibody against soluble AB;4(Amyloid-beta) oligomers, we
constructed a human single-chain Fv (scFv) antibody library by phage display technology. Using RT-PCR, we amplified the variable
heavy (VH) and variable light (VL) genes from peripheral blood lymphocytes (PBL). Then we obtained the scFv fragments through
SOE-PCR, and the scFv fragments were cloned into the vector pPCANTABSE and electroporated into competent Escherichia coli
TG cells. Consequently, a scFv phage display library containing 2.5x10° clones was constructed. The recombinant phagemids were

rescued by reinfection of helper phage M13K07. Recombinant phages specific for Af;_4, oligomers were enriched after four rounds
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of biopanning and the antigen-positive clones were selected from the enriched clones by phage ELISA. Positive clone B19 was used
to infect E. coli HB2151 to express soluble scFv antibody. SDS-PAGE and Western blotting analysis showed that the soluble scFv

B19 antibody was expressed successfully and could bind specifically to AB;_4, trimer and protofiber. The specific scFv against AB;.4,

oligomers can be used in the therapeutic research on Alzheimer’s disease.

Keywords: human phage display library, AB;.4; oligomers, single chain Fv antibody, Alzheimer’s disease
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Table 1 Primers used for the construction of human scFv
library

Primers (5'-3")

Human VH forward primers

VHIaf: act gcg gee cag ccg gee cag gtg cag ctg gtg cag tet gg
VH2af: act gcg gee cag ccg gee cag gte aac tta agg gag tct gg

VH3af: act geg gee cag ccg gee cag gtg cag ctg gtg gag tet gg
'VH4af: act geg gec cag ccg gee cag gtg cag ctg cag gag tcg gg
'VHS5af: act gcg gee cag ccg gee cag gtg cag ctg ttg cag tct gg
VHoéaf: act gcg gece cag ccg gee cag gta cag ctg cag cag tca gg
scFvf: atc gac get act geg gee cag ceg gee cag gt

Human HJ reverse primers

HIJ1-2ar: tce gee aga acce gee tee ace tga gga gac ggt gac cag ggt gec
HJ3ar: tcc gee aga acc gec tee ace tga aga gac ggt gac cat tgt cce
HJ4-5ar: tce gee aga acc gece tee ace tga gga gac ggt gac cag ggt tce
HJ6ar: tcc gee aga acc gec tec ace tga gga gac ggt gac cgt ggt cec
Human Vk forward primers

Vklaf: ggt ggc tca gge ggt gga ggc teg gac atc cag atg acc cag tct cc
Vk2af: ggt ggc tca gge ggt gga ggce teg gat gtt gtg atg act cag tct cc
Vi3af: ggt gge tca gge ggt gga gge teg gaa att gtg ttg acg cag tet cc
Vidaf: ggt gge tca gge ggt gga gge teg gac ate gtg atg acc cag tet cc
ViSaf: ggt gge tca gge ggt gga gge tcg gaa acg aca cte acg cag tet cc
Human Jk reverse primers

Jklr: geg tca gag tge gge cge acg ttt gat ttc cac ctt ggt ccc

Jk2r: geg tea gag tge gge cge acg ttt gat cte cag ctt ggt cce

Jk3r: geg tea gag tge gge cge acg ttt gat ate cac ttt ggt ccc

Jx4r: geg tca gag tge gge cge acg ttt gat cte cac ctt ggt ccc

JkSr: geg tea gag tge gge cge acg ttt aat cte cag tcg tgt cec

scFvrl: acg gct geg tca gag tge gge cge acg ttt

Human VA forward primers

VALf: ggt gge tca gge ggt gga gge teg cag tet gtg ttg acg cag ccg cc
VA2f: ggt gge tca gge ggt gga gge teg cag tet gee ctg act cag cct ge
VA3af: ggt gge tca gge ggt gga gge teg tee tat gtg ctg act cag cca cc
VA 3bf: ggt gge tca gge ggt gga gge teg tet tet gag ctg act cag gac cc
VA4£1: ggt gge tca gge ggt gga ggc teg cac gtt ata ctg act caa ccg cc
VAST: ggt gge tca gge ggt gga gge teg cag get gtg cte act cag ceg te
Human VA reverse primers

JA1r: geg tea gag tge gge cgce ace tag gac ggt gac ctt ggt ccc

JA2-31: geg tea gag tge gge cge acc tag gac ggt cag ctt ggt cce
JA4-51: geg tea gag tge gge cgce acc taa aac ggt gag ctg ggt ccc
scFvr2: acg get geg tea gag tge gge cge ace ta

Linker sequences

Linker": tca get gga ggc ggt tet gge gga ggt gec teca gge ggt gga gec
tcg

Linker: cga gee tce ace gee tga gee acc tee gee aga ace gec tee ace tga

1.3.2 ¢DNA VH VL

Promega RT , RNA

, , M-MLV

cDNA
VL , Bx Taq
195°C
72 °C 1 min, 30

cDNA , VH
VH VL
5 min; 94°C40s,55°C40s,
;72 °C 10 min 1%
PCR R TaKaRa
VH VL
1.3.3 PCR scFv
, VH VL
VH VL Linker
, :95°C
5 min; 94 °C40s, 55°C 40 s, 72 °C 1 min,
30 ;72 °C 10 min 1%
PCR ,
Linker +VL

VH+Linker

VH+Linker Linker +VL
50 uL PCR , PCR
scFv , :95°C 5 min; 94 °C
40's,50°C40's,72°C 1 min, 10
scEvf scFvrl(scFvr2) ,
Ex Tagq buffer, 100 uL
, : 95 °C 5 min; 94 °C 40 s,
55°C40s,72°C 1 min, 30 ; 72°C
1% PCR ,
scFv K A s 66
1.34

10 min

scFv pCANTABSE
Sfil Notl , T4 16 °C
16 h TGl ,
2xYT-AG , 37 °C
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, 5mL 2xYT-AG , 37 °C
250 r/min , ,
, scFvF scFvrl(scFvr2) , PCR
, 1% PCR
, BsiN 1 , 4%
1.3.6
2xYT-AG
, 20  MI13K07
, , 2xYT-AK ,30°C 250 r/min
, 1/5 PEG/NaCl
,2xYT
20 pg/mL ABya 96
, 3% BSA , 1% BSA
10" CFU ,37°C 1h ,PBS
PBST 5 ( 2 4 ,PBS PBST
10 ) 0.1 mol/L Gly-HCI (pH 2.2)
R 1 mol/L Tris-HCI
(pH 8.0) 10 mL
TGl , 37°C 30 min ,37°C
250 r/min 1 h 10 mL
2xYT-AG ,
M13K07 )
- - ” 4
1.3.7 ELISA
4
SOBAG , 30 °C 20 h
M13K07
10 pg/mL pH 9.6
AR ( AB
6E10 M13K07,
2xYT ) 37°C 2 h, PBST
3 1:5000 HRP- M13 (
HRP/ IgG) 37 °C
1 h PBST 6 , TMB , 10 min

50 puL 2 mol/L H,SO,
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,30°C 250 r/min , 5mL
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2xYT-Al

4000 r/min
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ELISA ' Western blotting
scFv 1 pg/mL AR
4 °C , 3% BSA 37 °C
1 h, scFv
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1:4000 HRP/anti E-Tag , 37 °C 1 h,
PBST TMB , 490 nm
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healthy donors.

22 £EVH VL EERY &K scFv EERI#H
Efy

Total RNA extracted from peripheral blood lymphocytes of

VH(Rev)/VH(For)  VL(Rev)/VL(For)

PCR VH VL ,
1% , ,
VH 380 bp, VL 330 bp,

( 2A) scFvf
scFvrl(scFvr2) VH+Linker~  Linker +VL
( 2B) PCR VH VL  Linker
scFv R scFv , 1%

, 750 bp , (

2C)

23 HMREER, EHXRSHM

2.5x10°, kA
10 , scFvf  scFvrl(scFvr2) ,
16 750 bp ,

80%( 3), «x A 5 scFv

scFv

2 VH, VL # scFv | & PCR F=4 By 5L B ik 3 47
Fig. 2 PCR products of VH, VL and scFv fragments analyzed
by agarose gel. (A) M: DNA marker; 1-6: VH PCR products;
7-11: Vk PCR products; 12—17: VA PCR products. (B) M: DNA
marker; 1: VH; 2: VH+Linker PCR products; 3: Vi, 4:
Vi+Linker PCR products; 5: VA, 6: VA+Linker PCR products.
(C) M: DNA marker; 1-6: VH and Vk ligation; 7-10: VH and
V2 ligation.

M 123456738 9I10MI1121314151617181920

E3 #{LEHIKER PCR £

Fig. 3 Recombinant clones identified by PCR. M: DL2000
DNA marker; 1-10: scFv fragments amplified from « library;
11-20: scFv fragments amplified from A library.
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IPTG , SDS-PAGE
31 kD BI19
E. coli HB2151
( 5A) Western blotting ,
HRP/anti
E-tag , 31kD( 5B)

scFv E E #Y BstN | Bt EiL 45 47

Fig. 4 Fingerprint analysis of scFv genes digested by Bs¢N L.
M: DL2000 DNA marker; 1-10: scFv genes from randomly
picked 10 clones of the antibody library.

4

2.7 TAIATE scFv B19 BYEF D SRR APy BB
REY4F R IR A

B19 AP
2.5 scFv B19 EREF5I4 4 ; ELISA
, scFv B19  VH 371 bp,  (Kg)(  6) , AP
VL 324 bp, Linker 45 bp, scFv 743 bp, 9x107% mol/L ,
E-tag 39 bp Blast ,VH VL A9 50%, B19 ABi.4n
mRNA VH , VL K, Ky 9x10° mol/L BI19
98% 92% 17 kD
26 scFvBl9 EXKMATFEF IR AMERIEREE 105 kD ABj.q , ABia
B19 HB2151 ()
T2 X AP BB IR B R B IR B T i
Table 2 Selection of scFv displaying phage binding to ABi.4; oligomers
Panning rounds 1 2 3 4
Total input phage (pfu) 10" 10" 10 10"
Total output phage (pfu) 1.14x10* 2.13x10° 7.26x10° 5.20x10°
Ratio (output phage/input phage) 1.14x107* 2.13x1077 7.26x1077 5.20x107°
B 1 2 0.5
kD
175 —
80 — 0.4+
58 — g
‘C
46 — 0.34
30 —
0.2 4
21 —
17 — 0.1
_ 1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 1E-3
AP, ,, concentration (mol/L)

Bl 5 B19 7 E. coli HB2151 ARIRIARETE

Fig.5 Expression and identification of B19 in E. coli HB2151. (A)
uninfected E. coli HB2151 periplasmic
extract; 2: B19 infected and IPTG induced E. coli HB2151
periplasmic extract. (B) M: prestained protein marker; 1: BI19
infected and IPTG induced E. coli HB2151 periplasmic extract; 2:
uninfected E. coli HB2151 periplasmic extract.

M: protein marker; 1:
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Fig. 6 Determination of dissociation constants(Ky) of soluble
scFv B19 specific against oligomeric AP;.4> by ELISA.
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Fig. 7  Specificity of soluble scFv B19 against Afi.4 R
oligomers analyzed by Western blotting. (A) SDS-PAGE
analysis of non-denatured Af;4 oligomers. (B) Western ’
blotting analysis of soluble B19 specific binding to oligomeric ,
ABia2.
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