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Preparation of anti-hCG antibody-like molecule by using a
RAD peptide display system
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Abstract: By using an RAD peptide display system derived from the ATPase domain of recombinase RadA of Pyrococcus
furiosus, an anti-hCG antibody-like molecule was prepared by grafting an hCG-binding peptide to the RAD scaffold. After
linking to sfGFP gene, a gene of hCG peptide-grafted RAD was synthesized and cloned into a bacterial expression vector
(PET30a-RAD/hCGBP-sfGFP). The vector was transformed into Escherichia coli, and expression of the fusion protein was
induced. After isolation and purification of the fusion protein, its binding affinity and specificity to hCG were determined by
using a process of immunoabsorption followed by GFP fluorescence measurement. A comparison of hCG-binding activity with

Received: November 18, 2018; Accepted: January 14, 2019
Supported by: National Natural Science Foundation of China (No. 31371385).
Corresponding authors: Huawei Xin. Tel: +86-27-68893368; E-mail: xinhuawei @wust.edu.cn
Qiong Wang. Tel: +86-27-68893368; E-mail: wanggiong0911016@wust.edu.cn
E % H AR 34 (No. 31371385) ¥EHh,
[ 4% 4 RAS[] . 2019-04-16 [ 4% Hi BB AL - hittp://kns.cnki.net/kems/detail/11.1998.Q.20190415.0957.002. html



872

ISSN 1000-3061 CN 11-1998/Q A T. #2244k  Chin JBiotech

a similarly grafted single-domain antibody based on a universal scaffold was performed. The measurement of hCG-binding
affinity and specificity revealed that the grafted RAD has an optimally high binding affinity and specificity to hCG, which are
better than the grafted single-domain antibody. Moreover, the affinity and specificity of grafted RAD molecule are comparable
to those of a commercial monoclonal antibody. In addition, the hCG-binding peptide-grafted RAD molecule has a relatively
high biochemical stability, making it a good substitute for antibody with potential application.

Keywords: hCG, antibody-like molecule, RAD peptide display, expression and purification
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Fig. 1 Plasmid maps of pET30a-RAD-sfGFP and pET30a-RAD/hCGBP-sfGFP. (A) Plasmid map of pET30a-RAD-sfGFP.

(B) Plasmid map of pET30a-RAD/hCGBP-sfGFP.

&: 010-64807509

B<: cjb@im.ac.cn

873




874

ISSN 1000-3061 CN 11-1998/Q A T. #2244k  Chin JBiotech

15 EMAERRERMESEIEERNE

Fie B BCA 8 [ & s A ) £ e B 5, I
R P B B

FHUARE ARHURES G TSR AR A -GFP
DA T AT I A o FH AL 2 ik (il 12 46 2
M pH 9.6, % 5% A= 4 I ) FF anti-hCG-a
B2 1pg/mL, FER 96 LRI L0 & et i
BEFLHO 0.1 mL iR HTIARFE B, 4 Caplid k.
WK, FEESILNEW, T PBST URikg il bk
BFE 39K, 3min/ik, 55 3REFIHFLR R (It
RN, TR 43— B A B JEG-3
YA (2% R 0 MY - i 4N B 2 M Erwin-Turner
JHi983 1) Woods R 43 25 H 57 1 6 s 1 —A,
A=A hCG) 43 % =% hCG Antigen 0.1 mL F
e gL, 37 CHE 1 h)akik, Rl
25 LA B SR 5 T4 niALH, 43l A 0.1 mL
[ ¢ £ ) RAD-sfGFP ., RAD/hCGBP-sfGFP .
cAbBCII10-CDR1/hCGBP1-sFGFP, cAbBCII10-CDR3/
hCGBP3-stGFP (/i FH st {458 FH-H42 cAbBCII10,
LI hCG 454 2 KB B 42 X CDR15{ CDR3,
il 8 B HA — PR S5 GG YR T hCG HLlT A
/3 ¥). Anti-hCG-p/FITC, 37 CH¢E 1h, ik,
T RNALHNA 0.2 mL 4 PBS, TR 46
WSS EBRBE | PR SCRDE AN < 5331 4 488 nm
1 525 nm.,
16 EmAEFHEMNE

Fie B A AR b BRI TR, I — s A R v
& JEG-3 4i fifd 435 b3 0.1 mL F B 4 8 (14 s i AL
H, 37 CIEE Lh ik, [FEHEEs AfLx g,
T4 LA, 4 0.1 mL — & i Bk B A
RAD/hCGBP-sfGFP ., cAbBCII10-CDR3/hCGBP3-
SfGFP. Anti-hCG-B/FITC, 37 ‘Ci¥# 1h, ik,
FHA LA 0.2 mL i PBS, il Ze 6o

17 EREAMMEESHRENE
AP IR TR, o — R A [ e S

http://journals.im.ac.cn/cjbcn

JEG-3 443 I ¥E B hCG-o+LHB 44t 293T 4
Mo B3 0.1 mL F Bk e L,
37 CE 1hJaukik, FETE=AXMK, T
& BB AL ar B A 0.1 mL A TR W E G
RAD/hCGBP-sfGFP, cAbBCII10-CDR3/hCGBP3-
SfGFP. Anti-hCG-p/FITC, 37 CHf & 1h, ¥,
FAILFIA 0.2 mL ) PBS, il % e im i .
1.8 EMAEEBEKEEENE

4y 5% RAD/hCGBP-sfGFP F1 cAbBCII10-
CDR3/hCGBP3-sfGFP 4 /& & iy DP-GFP (— i
GFP 45 G, ALBm=Efls) WA, RIE GFP
EMREME. WEMGMW ERIES YK
Anti-hCG-B/FITC HifksrilEF 4 C. 16 C.
37°C. 50°C. 60°C. 70 C. 80 ‘CHI/KHI /K
1w 30min, B, A 2R, 40100 pL R
TRR M, K HAOEmREE, Pk
B B IR E T

By R IRA& Y K& Anti-hCG-B/FITC i
i, FMAEGE-% %4 (Britton-Robinson) | 72
ZZ bk (HsPO4s-HAC-H3BOs) i pH % 4.0, 5.0,
6.0. 7.0, 8.0, 9.0, 10.0, T 4 CJ® 30 min,
W, Rk BE . & 100 ul FRR O
Brrb, Rl B EsREE , AT S hiR R AR

2 BREM

21 FEzFEHEEE

4 T pET30a-RAD-sfGFP %4 EcoR V #l
Sal T WIS € 5, S5 1S 2 45 H By K/hVK
#4°4 721 bp 1 5.4 kb, pET30a-RAD/hCGBP-sfGFP
#2074 EcoR V ML Y] 4 8 J5 15 31 2 55 H A K
/N5 603 bp 1 5.5 kb, 45RAFEHY (F 2).
fity U] 1 iff 1) B 20 R 28 0 P 2 SRS, i AR
1y H 87515 T — 30, 2 e e AE TR
o, VB EE 2 TR A A LR



NPT F/MA RAD BRERERFIEHN hCG HREDF
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Fig. 2 Construction of pET30a-RAD-sfGFP and pET30a-
RAD/hCGBP-sfGFP recombinant plasmid. M1: 1 kb DNA
marker; M2: 100 bp DNA marker; 1. digestion of
pPET30a-RAD/hCGBP-sfGFP with EcoRV; 2: digestion of
PET30a-RAD-sfGFP with EcoRV and Sal 1.
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Fig. 3 Expresson of RAD/hCGBP-sfGFP and RAD-sfGFP
fusion proteins. M: marker (10-170 kDa); 1: E. coli
BL21(DE3)/pET30a-RAD/hCGBP-sfGFP, uninduced; 2:
E. coli BL21(DE3)/pET30a-RAD/hCGBP-sfGFP, IPTG
induced; 3: pET30a-RAD/hCGBP-sf GFP supernatant, IPTG
induced; 4: pET30a-RAD/hCGBP-sfGFP precipitate,
IPTG induced; 5: E. coli BL21(DE3)/pET30a-RAD-
sfGFP, uninduced; 6: E. coli BL21(DE3)/pET30a-RAD-
SfGFP, IPTG induced; 7: pET30a-RAD-sfGFP supernatant,
IPTG induced; 8: pET30a-RAD-sfGFP precipitate, IPTG
induced.
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Fig. 4 Purification of RAD-sfGFP and RAD/hCGBP-sfGFP fusion proteins. (A) Purification of RAD-sfGFP fusion
proteins. M: protein Mw marker (10-170 kDa); 1: E. coli BL21 (DES3)/pET30a-RAD-sfGFP supernatant; 2: flow-through
of Ni-NTA affinity chromatography resin; 3-6: elutions of Ni-NTA affinity chromatography resin. (B) Purification of
RAD/hCGBP-sfGFP fusion proteins. M: protein Mw marker(10-170 kDa); 1: E. coli BL21 (DE3)/pET30a-RAD/
hCGBP-sfGFP supernatant; 2: flow-through of Ni-NTA affinity chromatography resin; 3-6: elutions of Ni-NTA affinity

chromatography resin.

A

] [ w2 P +~
th < wn (=} [
T T T

v = RAD/hCGBP-grafted

© " -+ Anti-hCG-B/FITC

-+ CDR3/hCGBP3-grafted
-*-CDR1/hCGBP1-grafied
-~ RAD-ungrafted

20+

Fluorescence intensity of GFP (x10* A.U.)

Ag relative concentration

10 20 30 40

45 = RAD/hCGBP-grafted

-+- Anti-hCG-B/FITC

40 | = CDR3/hCGBP3-grafted  /
-+-CDR1/hCGBP1-grafted /

| -=- RAD-ungrafted A

30

20 ¢

Fluorescence intensity of GFP (x10* A.U.)
(o]
wn

2 1 6
Log 2 Ag relative concentration

5 HEi{AEHB RAD/hCGBP-sfGFP 4& hCG #iJf (JEG-3 il £i%) HITFE MR
Fig. 5 Determination of hCG-binding affinity of RAD/hCGBP-sfGFP fusion proteins (hCG antigen from the
supernatant of JEG-3 cells). (A) hCG-binding curve against Ag (antigen) relative concentration. (B) hCG-binding curve

against log2 of Ag (antigen) relative concentration.
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Fig. 8 Analysis of specificity of RAD/hCGBP-sfGFP
fusion proteins (**P<0.01).
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Fig. 9 Analysis of stability of RAD/hCGBP-sfGFP
fusion proteins. (A) Stability of antibody protein at
different temperature conditions. (B) Stability of
antibody protein at different pH conditions.
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hCG 45 & 2 I i i 14 A0 SRSl 44 FH B 22 119 32
B MR T A RS 11920 s RAD
BB BT Z I, RIS T A B bR R
1) RAD IR#22H01R 50+ . RAD IR PIIRE
FIERMFF AP RB L, AREEY, JHe
A TR S AR E T, ARG T R
Zpt B A AT RE e W] T RAD BHARRY &
FERAE VS SRTHIBIE TAEHIAT, RAD B
DNA 254 L2 FRRESH W LIS 25 2 e, H
A 2 N B SA AN R e A S R AR . FRATTIN
E TR RAD ikt e tt, &
Lk B RAD I35 BT AR e ok 32 8 T
PP RAD & 1 42 i B 1 o 3 A 22 K Be
FRACE A 128 (A A AR AL T — e PR, 7T REJE
PURSS A i AR IR S i R EE R &K

AT, FATHR T RAD RISk
15 07 FH B AT VR B SR I e TR (CDRL 1%
FHUAF COR3 HHEPUIA) 455 hCG Hit s iy ik 1
0L, &I RAD IR ESPUIR B /R T b i P b
BIEE . BPURF IR S A TS R EE BT
T A Z2 K B, A5 TPk 9 hCG 454



NPT F/MA RAD BRERERFIEHN hCG HREDF

JEXT hCG il BB m 4 &R mtE, (5 LH
FEE—E MBS LA AT, T #2m HX hCG #i
JRB R SR EE AR, T T A A 2 K
RAR GGy T 2R

AT 5 ST T — B I S P R A 1R
Z, I T hCG ik, A 98N Tk
IRAGH: hCG 7K, FH T W JT A B i b 3 A6
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