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Expression and purification of rabiesvirus glycoprotein and
analysis of its specific binding capacity to memory B cells

Liwe Yan, Wel Gong, Wenbing Zhu, Xuemei Zhang, Jingwen Xu, Zhongxiang Wu,
KongjieLu, Ming Sun, and Shaozhong Dong

Yunnan Provincial Key Laboratory for Development of Vaccines Against Major Infectious Diseases, Institute of Medical Biology, Chinese
Academy of Medical Science and Peking Union Medical College, Kunming 650118, Yunnan, China

Abstract: We aimed to express and purify three rabies virus glycoproteins with different tags and sizes. After analyzing
their binding function, we wish to obtain a rabies virus glycoprotein with higher affinity and ability to specifically bind
memory B cells. Experiments were carried out to express full length, as well as the ectodomain RVG by gene engineering
method. Combined with the antibody of CD19 and CD27, the candidate protein labeling with fluorescence was used to
analyze its binding function. Flow cytometry was used to detect the anti-rabies virus specific memory B cells in PBMCs,
and confirm the binding ability between the candidate proteins and anti-rabies virus-specific memory B cells. We
successfully constructed three expression vectors pGEX-5X-1-RVG, pET28a-RVG and pET30a-G. Three glycoproteins
GST-RVG, His-RVG and His-G were obtained by optimized expression and purification conditions. The antigen specificity
of purified GST-RVG, His-RVG and His-G were identified by Western blotting and ELISA. The affinity of these three
purified glycoproteins to anti-rabies virus antibody were detected by competitive ELISA. Anti-rabies virus specific memory
B cells in positive PBMCs gained from people who had ever been injected with the vaccine can be detected by flow
cytometry. Thus, we got a recombinant rabies virus glycoprotein that had high-affinity and could sort antigen specific
memory B cells.

Keywords: rabies virus glycoprotein, antigen specific memory B cells, flow cytometry

(RVG) B
[1]
[2-3] [12] B
[4]
RVG B
[5-6] [7-8] B [13]
B
(91 [14]
B
RVG I 11
[10] [15]
RVG (11

® 010-64807509 < cjb@im.ac.cn



1842 ISSN 1000-3061 CN 11-1998/Q Chin JBiotech November 25, 2017 Vol.33 No.11

B
(PGEX-5X-1 pET28a pET30a)
(GST-tag His-tag)
RVG
B
1 MREFE
1.1 ##Y

111
Escherichia coli DH5a BL21(DE3)
Rosetta (DE3)pLysS
pGEX-5X-1(4972bp GST-tag) pET28a(5 369 bp
Histag) pET30a(5422bp Histag)

CTN-1
1.1.2
EcoR | Xhol T4 DNA
BioLab Trizol DNA
( ) HRP

PrimeScript™ II 1st Strand cDNA Synthesis

Kit Primer StarMax(2>) (
) Innova
Bioscience
CD19 CD27
BD
12 A&
121
CTN-1 G
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(GenBank FJ959397.1) Primer
Premier 5.0 CTN-1 G
(1 575 bp)
(1 308 bp)
EcoR | Xho I ( )
1 Trizol RNA
cDNA cDNA PCR
EcoRI Xhol DNA
pGEX-5X-1 pET28a pET30a
pGEX-5X-1  pET28a
G pET30a G
16 C E.
coli DH5a

¢ )
PGEX-5X-1-RVG  pET28a-RVG

pPET30a-G
122
pGEX-5X-1-
RVG Rosetta(DE3)pLysS
PET28a-RVG pET30a-G BL21(DE3)
1%

LB 37°C 200 r/min

1:50 10 mL LB

37 C 220 r/min 3 h

*1 EHEAEZREHEGERASIMREFT)
Table 1 Primer sequences for the construction of
expression vector s of the recombinant proteins

Primer

Pr' 5!_3!
name imer sequence ( )

RVG-F GGAATTCATTCCTCAAGCTCTGTTGTTT
RVG-R GGCTCGAGTTACAGCTTGGTCTCACCTCC
G-F  GGAATTCAAATTCCCCATTTACACGA

G-R CCTCGAGTTATTTGGGAGACCGAGAT

Restriction sites were underlined.
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Aso 06 IPTG
0.5 mmol/L 16 C 12 h
4 °C 8 000 r/min
15 min 12% SDS-PAGE

pGEX-5X-1-RVG pET28a-RVG pET30a-G
GST-RVG (

85.2 kDa) HisRVG ( 62.4 kDa) His-G (

54.8 kDa) pGEX-5X-1 pET28a
pET30a
1.2.3
GST-RVG
GST HissRVG
His-G
124
Western blotting
GST-RVG HisRVG HisG 12% SDS-PAGE
PVDF 5%
1lh (1 - 10 000)
2h TBST 3 5min
HRP IgG (1 : 30 000 )
1h TBST 4 10 min
ECL
1.25
ELISA
4 °C PBST
3 3% MPBS(MPBS
PBS) 2h PBST 3
12 0.1 nmol/L-1 pmol/L

® 010-64807509

PBS
0.5 nmol/L
100 pL 30 min
90 uL
30 uL  30% MPBS
10 min
ELISA
HRP 1gG
(2:750 ) 1h PBST 3
TMB 100 pL/ 37°C 10 min
2 mol/L H,SO,
(ELISA
)
Kgis (Kgs=C/nM  C n
M )
1.2.6
ELISA
3 14 d
5 mL
GST-RVG
(pH 9.6) 0.7 ug 4°C PBST
3 1% BSA 1lh
3 (
)
( 1: 6400) 2h 3
HRP (1:750 )
1lh TMB 100 pL/ 37 C
10 min 2 mol/L H,SO4

127 GST-RVG FITC
Lightning-Link
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1 mL GST-RVG (516 pg/mL) 100 L LL-modifier 4C 30 min  PBS
reagent Lightning-Link®mix 200 uL PBS
4 C | 100 pL pE
LL-quencher FD reagent 30 min
1.2.8 B 21 FEFTEHKHE
PCR pGEX-5X-1-RVG pET28aRVG
3 14 d pPET30aG EcoRI Xhol 1%
5mL
(Peripheral blood mononuclear cells PBMCs) (1575 bp) (1 308 bp)
ELISA PBMCs ( 1A 1B)
GenBank pGEX-5X-1-
PBMCs PBMCs RVG pET28aRVG pET30aG
37 C 22 BWMERFSREFYNETE
1x10° 1 PBS 2 12% SDS-PAGE

85 kDa (pGEX-5X-1-RVG) 62 kDa (pET28a
10 20 40pg GST-RVG-FITC  RVG) 55kDa(pET30a-G)

PBMCs 10 pL GST-RVG His-RVG
anti-CD19-PE 10 pL anti-CD27-APC!™® 1% 2
A B

bp bp

10 000 10 000

7000 7 000

4000 4 000

2000 2 000

1 000 1 000

500 500

250 250

B 1 FAEOFEGRIEHREE

Fig. 1 Construction of expression vectors of the recombinant proteins. M: DNA marker DL10000. (A) 1: PCR
products of G gene; 2: PCR products of G gene extracellular membrane sequence; (B) 3: pGEX-5X-1-RVG digested
with EcoR I and Xho I ; 4: pET28a-RV G digested with EcoR I and Xho I ; 5: pET30a-G digested with EcoR I and

Xho!.
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B 2 FiLF=HH) SDS-PAGE 5 #f

Fig. 2 SDS-PAGE profile of expressed proteins.
M: protein marker; 1: total protein of pGEX-5X-1 after
induction; 2: total protein of pGEX-5X-1-RVG before
induction; 3: total protein of pGEX-5X-1-RVG after
induction; 4: total protein of pGEX-5X-1-RVG after
induction incubated in culture with 1% glucose; 5: total
protein of pET28a after induction; 6: total protein of
PET28a-RVG before induction; 7: total protein of
pPET28a-RVG after induction; 8: total protein of
PET28a-RV G after induction.

23 @UEMHERE

12% SDS-PAGE
85 kDa ( ) 62kDa
( ) 55 kDa (
) ( 3A) Bradford

GST-RVG 516 ug/mL  His-RVG
1224 pg/mL  HissG 320 pg/mL  Scion Image
GST-RVG 87.12%
HissRVG 23.1% His-G 95.2% 2 Western
blotting
( 3B)

*2 HUBREAMDTLLER
Table2 Comparison of purified proteins

kDa M 1 2 3 kDa 4 56
97.2 —ww __

66.4 — ww

44.3 —

E3 #ikEEE SDSPAGE (A) F1Western boltting (B)
KE

Fig. 3 Identification of purified proteins by SDS-PAGE (A)
and Western blotting (B). M: protein marker; 1,4: purified
GST-RVG; 2,5: purified HissRVG; 3,6: purified His-G.

24 EHEASHMARFHFESHIKBEMS

Ll

ELISA
GST-RVG  1.38x10% L/mol HisRVG
5.1x10’ L/mol His-G 1.7x10° L/mol
2 Ka
(Affinity constant) 10° L/mol
10°-10° L/mol 10® L/mol
GST-RVG
His-RVG
His-G
GST-RVG B

Affinity
Mr (kDa) Tag  Purity (%)
Low (<10°L/mol)  Middle (10'-10°L/mol)  High (>10°L/mol)
GST-RVG 85.2 GST 87.12 1.38x10°
HisRVG 62.4 6xHis 231 5.1x10’
HisG 54.8 6xHis 95.2 1.7x10°
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25 ®ERMFRMIERNFFERAKE

owl

B
ELISA
GST-RVG
GST-RVG
B ( 4

6 400 1

OD.so P<0.01(**)

ODyso P<OO5(*)

1 PBMCs

26 MAHRASEHFFHLESIZITHE B
il
10 20
1x10°  PBMCs
20 pg GST-RVG-FITC 1x10° PBMCs
anti-CD19-PE (CD19 B
) anti-CD27-APC (CD27
B )  GST-RVG-FITC
B

40 ug GST-RVG-FITC

e Negative scrum
= Volunteer 1

= Volunteer 2

o Voluntcer 3
Volunteer 4
Human rabies

immunogloblin

ODhﬂ

The dilution of serum

4 (8% ELISA #ell i R EEE MFMAER
Fig. 4 Indirect ELISA detection of serum antibody
results of volunteers after immunization.
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( )
( ) B B
( 5B C F G)
B (CD19+ CD27+)
GST-RVG GST-RVG-FITC
FITC
B (CD19+ CD27+)
GST-RVG B
5D 5H GST-RVG-FITC
B
0% vs 8.11%
GST-RVG-FITC B
B
3 ik

PGEX-5X-1-RVG pET28aRVG pET30a-G

85 kDa (GST-RVG) 62 kDa (HissRVG)
55 kDa (His-G)

3 Western blotting
ELISAM 3 GST-RVG
GST-RVG
ELISA GST-RVG
FITC GST-RVG
CD19 CD27
1 PBMCs
B
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5 RS H PBMC BT KFHHICIZ B 4k

Fig. 5 Flow cytometry analysis of anti-rabies virus memory B cells of PBMCs. (A,E) PBMCs population selected on the
basis of forward and side light scatter. (B,F) B cell selected from PBMCs (anti-CD19). (C,G) Memory B cell selected from
B cdl (anti-CD27). (D,H) Anti-rabies virus memory B cell selected from memory B cell (rabies virus glycoprotein labelled

with FITC).
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G (His-G)
6xHis
His-G
G
[20]
[21] 2)
His-RVG RVG
RVG
[22]
His-RVG 1%
G [23]
1%
His-RVG
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(Ka=1.38x10® L/mol)

GST-RVG B
0.15%
[25]
B

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

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

Perrin P, Thibodeau L, Sureau P Rabies
immunosomes (sub-unit vaccine) structure and
immunogenicity. Pre-and post-exposure protection
studies. Vaccine, 1985, 3(3): 325-332.

Sun X, Roth SL, Biaecki MA, et al.
Internalization and fusion mechanism of vesicular
stomatitis virus and related rhabdoviruses. Future
Virol, 2010, 5(1): 85-96.

Roche S, Gaudin Y. Characterization of the
equilibrium between the native and fusion-
inactive conformation of rabies virus glycoprotein
indicates that the fusion complex is made of
several trimers. Virology, 2002, 297(1): 128-135.
Wunner WH, Larson JK, Dietzschold B, et a. The
molecular biology of rabies viruses. Rev Infect
Dis, 1988, 10($4): S771-S784.

Benazoun S, Benzakour M, Sghaier S, et al.
Expression of rabies virus glycoprotein in the
methylotrophic yeast Pichia pastoris. Biotechnol
Appl Bioche, 2017, 64(1): 50-61.

de Pourcqg K, de Schutter K, Callewaert N.
Engineering of glycosylation in yeast and other
fungi: current state and perspectives. Appl
Microbiol Biotechnol, 2010, 87(5): 1617-1631.
Ramya R, Subramanian BM, Sivakumar V, et al.
Expression and solubilization of insect cell-based
rabies virus glycoprotein and assessment of its
immunogenicity and protective efficacy in mice.
Clin Vaccine Immunol, 2011, 18(10): 1673-1679.



=R FEARRESEEAREIRGUCREICIZM B HBRESEDNSH 1849

Prehaud C, Takehara K, Flamand A, et 4.
Immunogenic and protective properties of rabies
virus glycoprotein expressed by baculovirus
vectors. Virology, 1989, 173(2): 390-399.

Zhang JM, Wang LL, Deng YQ, et al. Expression
and purification of glycoprotein gene of rabies
virus in prokaryotic system. Strait J Prev Med,
2009, 15(2): 1-4 (in Chinese).

(8]

(9]

, 2009, 15(2): 1-4.
Tordo N, Poch O, Ermine A, et al. Walking along
the rabies genome: is the large G-L intergenic
region a remnant gene? Proc Natl Acad Sci USA,
1986, 83(11): 3914-3918.
Hu RL, Zhang SF, Fooks AR, et al. Prevention of
rabies virus infection in dogs by a recombinant
canine adenovirus type-2 encoding the rabies virus
glycoprotein. Microbes Infect, 2006, 8(4):
1090-1097.
JiaWH, Luo DY, Wang XL. Research progress in
memory B cell. Int J Immunol, 2009, 32(5):
362-368 (in Chinese).

(10]

[11]

[12]

. B
. , 2009, 32(5): 362—368.
Cox KS, Tang AM, Chen ZF, et al. Rapid isolation
of dengue-neutralizing antibodies from single
cell-sorted human antigen-specific memory B-cell
cultures. mAbs, 2016, 8(1): 129-140.
Ho 1Y, Bunker JJ, Erickson SA, et al. Refined
protocol for generating monoclonal antibodies
from single human and murine B cells. J Immunol
Methods, 2016, 438: 67—70.
Tiller T. Single B cell antibody technologies. N
Biotechnol, 2011, 28(5): 453-457.
Tiller T, Meffre E, Yurasov S, et al. Efficient
generation of monoclonal antibodies from single
human B cells by single cell RT-PCR and
expression vector cloning. J Immunol Methods,
2008, 334(1/2): 112-124.

(13]

[14]

[15]

[16]

® 010-64807509

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Shen BF, Chen ZN, Liu MP. Recombinant
Antibody. Beijing: Science Press, 2005:; 459-463.

, 2005: 459-463 (in Chinese).
GOmez S, Lopez-Estepa M, Fernandez FJ, et al.
Protein complex production in alternative
prokaryotic hosts//Vega MC, Ed. Advanced
Technologies for Protein Complex Production and
Characterization. Switzerland: Springer International
Publishing, 2016.
Singh A, Yadav D, Rai KM, et al. Enhanced
expression of rabies virus surface G-protein in
Escherichia coli using SUMO fusion. Protein J,
2012, 31(1): 68-74.
Sato S, Ohara S, Tsutsui Kl, et al. Effects of
G-gene deletion and replacement on rabies virus
vector gene expression. PLoS ONE, 2015, 10(5):
€0128020.
Basharov MA. Residual ordered structure in
denatured proteins and the problem of protein
folding. Indian J Biochem Biophys, 2012, 49(1):
7-17.
Atanasiu P, Tsiang H, P e al.
Immunogenicity and protective activity of
glycoprotein extracted from rabies virus: results
from comparison of preparations obtained by
different methods of purification (author’s transl).
Ann Microbiol, 1976, 127B(2): 257-267.
Ohara S, Sato S, Oyama K, et a. Rabies virus
vector transgene expression level and cytotoxicity
improvement induced by deletion of glycoprotein
gene. PLoS ONE, 2013, 8(11): e80245.
Zhao XY, Li GS, Liang SF. Severa affinity tags
commonly used in chromatographic purification. J
Anal Methods Chem, 2013, 2013: 581093.
Ega TT, Luboobi LS, Kuznetsov D. Modeling the
dynamics of rabies transmission with vaccination
and stability analysis. Appl Comput Math, 2015,
4(6): 409-419.

Perrin

(RX5i4  ABENTT)

<

cjb@im.ac.cn



