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# E LAMEIE¥.ETF (Human tumor necrosis factor, hINF-o) i B HNEMER FABRN A TEL THRER
Bt # U B 1% % ( Enzyme-linked Oligonuclectide assay, ELONA) ¥ #&, T hINF-« ¥ & M. i3 SELEX ( Systematic
Evolution of Ligands by Exponential Enrichment) 77 5 MBi#L RNA BEh % Bl 5 hINFe RS RNAER 7. RHE
HFAL AR ESRAMRTICH RNA F&F  H X HH#T F SRS MM REE. bl VN« B3
HEMANMES T AEYRRICH MINF o R RNABE FAEMA FEY T ELONA Fik, 0 X fr i Wy
A B AR R AT T Ay, Wi B ELONA 1 ELISA -8 T 1E % AL 3% 5 49 hTNF-« K JIF
SRMERRITHE. R B ELONA FENREE Y 100 pg/mL, B4 84 6K % EAESRE. ELONA XA
WERS ELSA BRMGREA B, ZFHEATOLR AREFIBESEHEYFEEAPEHARATARE

BEOKKEM,

%98 SELEX, hTNF-a, Aptamer, ELONA, ELISA
bESES QB ZTRIFAE A

1o BB 4 A AR & 4 {k ( Systematic Evolution
of Ligands by Exponential Enrichment, SELEX ) £ A &
B ERPEFY HIIE (PCR 3 RT-PCR), AFE
MEEBH B F b ik 15 7 15 & K1 (Aptamer) B
AaLEHR ARG TRE  WEHERT
FEHARERERFRA . Tuerk 7 Gold T 1990 &
B3 T34 B9 SELEX 78", /G, BB e & 47
EETEBRAKEARAES T E0EENEA,
Boy, &8y T AME AR s AR, ol LIfEE
AR ERBAIKBENERF, 7L SELEX AR+
JUAER G, EEMRE KBMERFHARTR
RAFHELIOIRD . SHtkHL, BREHER
BRFERANRSFHBEIE , E46 0 HE, Hg
B (kd) £ 7 pmol/L ~ nmol/L Z B, EE®R T X
REE . SESFEACHNERHER MERARE
AR ESRA L A, BRRER T
8 Fo, FEERNBESEAMGT  IE L HA
BR . THTARNZSEHENGT. EEIMEEER,
LS B AR E R EREADAZA
AFHEMKTEEEN T SR EHES i
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FHEER TREEH KHAGENEREE" .
B, LR R AL HES, LERT L RAER
BERERTRE,

hTNF-o & E B8 40 e/ 40 2 4 B 7% 4k 7 A2 B9 — B
FUEMHEEF RAE EWEYEE S, FR
hINF-a B R —MBENBRHRE T, 5SIFZHFER
HHmm . RALREEXTR(RA)JLEERHE
AT % (JRA) .Crohn’ s SR W ML, BH Ik,
hTNF-a 7K F A & A X RSB ARTRA
FERAMKISELY, B, TEH AR ERGE
e W 3 PR O EHE A fth KM P hTNF-o BIKFE .
ELURENASERRASE S, ABMARRES,
S — AR AESHFRRNESE S, . REM
ABFCHHEEE RS NARD#HTRN,

AWREFAHSELEX HAR MBI EREFRE
FRFE S 5 hINF-« BIFRES S RNA B R T
LA hTNF-a B35 RE ST A MR UK, BL 2 - E BB i
M RNAERFHEBMYIE, B T8 M hTNF-o &9
¥t &1 &=——FLONA ( Enzyme-linked oligonuclectide
assay ) ¥ o
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1.1 ##

DNABIM 1 A% TaKaRa 2 A& R, A EE W

BT BT M T £ E Ambion A7, £ R IFICH
REEZERMTEES KA A, T7 50 R A
AWM T Promega N R, EBEFRMALAFNEN T
Qiagen /A ), hTNF-« & ELISA W XM & ¥ F
DIAClone 2 7], HRP #RiCHI B XM EM TP ILAF,
5 hINF-o #4541 RNA ERL T T3.11 B RATE
5 ¥ @Ead SELEX HEMBEEYL RNA P RikE A,
1.2 FHiE
1.2.1 £PFERFICH RNA B THH & . RIE
it SELEX 77t A BE#L RNA B i £ B 5 hTNF-a 4%
R4 6 RNA ERF T3.11, 5 i DNA B4R 7 51
H 5'-TAATACGACTCACTATAGTTCGGCTCCCCCT CA-
TAGACTACTGTTAAGCCTCGAGGT-3', LI H T7 7
B FRE DNA R, MA S B TR ET
CHEEETFR(HTRERETESEMERC
FIREOEZ TR ELFI R 3:1),T7 RNA SR8, &
A RNA BEHI R ,37°CEBE 1 h, REINA RQI
DNA 8§ 1 pL, 37°CH# 15 min 3% L DNA B4R,
HERBINEETFARRERBREERGAKEES,
B Qiagen 2 B M/ B2 EILE R & 4L .
1.2.2 ¥ M hTNF-« 49 ELONA . A 8 # (0.05
mol/L ,pH9.6 R MEEE 2 Ph 7k ) 5 FE hTNF-o S WREHL
EE 1 pg/mL, 100 p/FLEBEBEIFE 4 CHR K H,
FAPER (& 0.05% Tween-20 AIBEBEEE 28 vk ) WE AR 3
W,2% 413 B S (BSA) F 37°CH M 1 h, 7 A
PR 3K

LIRS B 25 W 0T WTNF-o bRoE G2 SR 5

BESMA L RGBT HEERE, 100 pL/fL,37CHE
Blh#kE3 K. SAMARRBRNEDERIC
BIERF( pg/ml) T 37CHT 1 h; %K 3K, 81
100 pL BEAR 3 54k 4 B8 47 0 A BE R A (1:400
W), 37CHEE 1 h; ¥%4R 3 &, &L 100 uL TMB
MHO0, KYBH, ZRBXEE 5 min; FF.I0 50
pL 2 mol/L BER 1k SR , P BB 47 X W 3£ 450 nm B
MRLEE, LRIFEMK.

S# ELONA T EMEEEANEREN , EQ%
3 B4 B AR AR P A R P BE B9 hTNF-o B M &, B2 I
FER . RIS 60 W % 06 i B A # hTNF-
o, RMERAMWEESOTERLE, SRE
MEETASBAAAEX B,

1.2.3 ELISA 38 # hTNF-o: Fl @ # % # B hTNF-a
PR ZA8EE, BHRTER L, BN
EHEEA &R BHTRE, BB E 450
nm B K YERE{H .

1.2.4 BUBMIG RIS Fr. K A SPSS & it Bk
FESTRFTEHRBITNAEER R

2 %R

2.1 £PRFECHORNABEEFHHE
LABRWHE T7 33 FH 57T REXN KN
DNA N, B A HRHTERBEDRACH
VT BEN RNAERTF. HEXTUHRASBRE
BERCHL K WA 1, SRR RITES RS #R
FTRERBTREBHNEYRIFCHERT.

Fig.1 PAGE of RNA aptamer
1:57 base dsDNA;
2:40 base ssRNA(Product of in vitto transcription)

2.2 ELONA FENREE HEENERE ST
FABE R AL 28 Ph ¥ X © 40 %K BE 9 hTNF-o P75 % &
HITRRE, B EERE 6 MEFL, £ hTNF-o &
¥ B 2 4000 pg/mL. 2000 pg/mL, 1000 pg/mL. 500
pg/mL.250 pg/mL.125 pg/mL.62.5 pg/mL, RIERW
ERLPAERE, LB 2, BEBRTE— AR
EMHE,TREBE N 13, RUHLER 7 =
0.99, MEMBBATREELMUSG  HERBH

16
1.2

08}

OD 430,

04}

% | 2 3 4
1g[TNF)/pg/mL)
2 ELONA 77 B4 3 hTNF-a K ¥ #9470 2%

Fig.2 Standard curve of hTNF-¢ by ELONA
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BH Y =0.6882X - 1.0475, ¥ hTNF-a M 4000
p/mLEFHEBHE RAEEXTANRECEEN
NAFHEZER SD, B R BMERBREEMEN N +
2.55D, 231 %, ERRSER 100 pg/mL,

SHE B =B A EE Y hTNF-o B & BE4T
BN FAENEESHEARNIXERE 5K, LE
1, M BEAHMBEIEN 125 pg/mL, ¥ {H N 142.8
pgmL ANERAMAEER S K 3.1%H6.3%;
YA R RIS E N 500 pg/mL, B K 537.2
pg/mL, HNZERMAEERFHNH3.3%M4.2%;
B Wk BE 46 A% B 98 {E O 2000 pg/mL, ¥ {H Ky 1902.2
p/mL A ERMABMERFINN 2.7%F 2.9%,

ARZHNERREBNT 5%,
RIECHEEN hINF-o« iFERARKRES
WRHETREBE.BIMKEREIAEANL, A
ELONA & £+ 5 W78 #) hTNF-a B/KF,SCME S
HE {H B0 L % O [ i B8, hTNF-o 89 20 % B M
62.5 pg/mL Bl 4000 pg/mL, [8] i B K 94.97% ~
121.60% , 3 Bl WL % %y 106.77% ,CV # 4.20% ~
6.01%RK2. FRE*, LHAESHPMEMRER,
HeP WINF-« RERE, TMERELHEIBHE.
hTNF-o 7K BE 32 & B , SE M {5 { F = {8, hTNF-o 3
BRI, SCE R THIeH.

%1 hTNF-a ELONA B 5 4F
Table 1 hTNF-a ELONA Precision analysis

Theoretical
Reference Mean/{ pg/ml.) Standard deviation Intra-assay CV Inter-assay CV
value/{ pg/mL)
high 2000 1902.2 55.42 2.7% 2.9%
medium 500 537.2 22.68 3.3% 4.2%
low 125 142.8 8.9 3.1% 6.3%

% 2 hTNF-a t7 4 G BB # 5 47
Table 2 Parallelism of hTNF-a standard

Theoretical value  Assay value
Standard deviation CV/% Recovery/ %
{{ pg/mL) /(pg/mL)
4000 3852.67 161.98 4,20 96.32
2000 1907.67 85.87 4.50 95.38
1000 949.67 43.68 4.60 94.97
500 537.00 29.46 5.49 107.40
250 289.33 12.50 4.32 115.73
125 145.00 8.72 6.01 116.00
62.5 76.00 3.61 4.74 121.60

2.3 AmiRAESRRR M

4+ 51 H ELISA #1 ELONA F¥&8 7 10 MEFE
ARG 3% B & F hTNF-o K ¥, 45 R 3% 3, ELISA
FEW1E hTNF-a 7K F 25 91 ~ 181 ng/mL(n = 10),
ELONA J5 & #75 hTNF-a /K ¥4 107 ~ 202 ng/mL( n
=10), ELONA FEKHIZRE F ELISA Ak,

¥%3 ELONA MIELISA FERNMEE AMLFE D hTINFa &1
Table 3 ELONA and ELISA values of hTNFa
in normal human sera{pg/mL)

Sample 1 2 3 4 5 6 7 8 9 10
ELONA 148 107 136 199 142 129 168 137 145 202
ELISA 127 91 124 181 129 107 143 117 123 179

3 it#
HEEMPTR S, DNA f1 RNA K5 RIEE %

BREEZRE, MM EMWBREMTEENE
VEEHS AR BB ERBETRERET
MABRAEHRENAEERERE. EXRMHTR
O, HEEM DNA I RNA ER B PRRTEBR &
M=%®m HAEE —-SHHH, B FEE>TFERE
MEEMARRE" . AT RNA R THERR £.0
KRB CHUREKE-_REN, B4tk DNA T
EEEMN =R, TR %YL RNA FEE 5 318
S5RSFRAERFEMAMNERT.

LKL, hINF-« M EENE I BEY T H
SELEX i & B M F % RNA EE FRER &M
IRMSTF . EST ELONA F¥., XRERER,
XM ENERE BN TEEERT, X
J7 209 R U K 100 pg/mL, A7 ELONA 77 i fl
Z M ELISA 77 ¥ 8 I 1F % A Il & # A9 hTNF-a K
3F ,ELONA 77 35 46 34 {8 W &5 , 3 ] B R B 20 i i P
BE—ERER hTNF-a L H 5 hTNF-o K LM
EOE. $RER, BINEFEEN FHIESP
A] LA L i 3 o S8 8 B AT B ) 0, 2 BRS M T A
AEEZENERT # P REEHMARERE,

ERTFHEERE =, TLUENFHEST
XM BE—-TERETFARERN ZEMIEM
EREGTEMEN BRENESFE6EEHE)
MR FBAL . B P X 19, BT LA SE A B 3E I ik
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Novel Methods to Detect Cytokines by Enzyme-linked
Oligonucleotide Assay

YAN Xin-Rui GAO Xu-Wen YAO Li-Hong ZHANG Zhi-Qing’
( State Key Laboratory for Molecular Virology and Genetic Engineering , Institute for Viral Disease
Control and Prevension, Chinese Center for Disease Control and Prevention , Bejjing 100052, China}

Abstract The development of the systemstic evolution of ligands by exponential enrichment ( SELEX) process has made it
possible to isolate oligonucleotide sequences with the capacity of recognizing virtually any class of target molecules with high
affinity and specificity. These oligonucleotide sequences, referred to as “aptamers”, are useful as a class of molecules that rival
antibodies in diagnostic applications. Aptamers are different from antibodies, yet they mimic properties of antibodies in a variety
of diagnostic formats. To meet the shortcomings of antibodies, aptamers have the following advantages. Aptamer does not depend
on animals, cells, or even in vivo conditions and produced by chemical synthesis with extreme accuracy and reproducibility.
Once denatured, functional aptamers could be regenerated easily within minutes. They are stable to long-term storage and can be
transported at ambient temperature. We describe here an enzymé -linked oligonucleotide assay that use a SELEX-derived RNA
aptamer to detect hTNFa. In order to protect from nuclease attack, the RNA aptamer was modified by replacement of 2'-NH2 for
2'-OH at all ribo-purines. In a sandwich micro-plate assay, hTNFa meneclonal antibody was coated on the surface of the plate,
biotin-labeled RNA aptamer was used as a detect molecle. HTNFac was diluted by pooled human serum as standard, and
streplavidin-horseradish peroxidase-substrate system was added for detection. Accuracy, precision, sensitivity, specificity of
ELONA method were analyzed. The levels of hTNF-¢ in normal human serum samples were assayed by the ELONA and the
ELISA processes. The resultes demonstrate that a sandwich assay using a SELEX-derived RNA aptamer has parameters for
accuracy, precision, sensitivity, specificity well within the limits expected of a typieal enzyme-linked assay. There is no
significant difference between the results of ELONA and ELISA . The minimum detection level was 100 pg/mL. This method will

be useful for detection of almost all the cyiokines and other protein molecules.

Key words SELEX, hTNF-a, aptamer, ELONA, ELISA
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Humoral Immune Response Elicited by Plasmid
DNA Containing HGV E2 Gene Fragment

Fethia Ben Yebdri ™

Abdemahmane AAZAZ YE Kai  MA Hui-Wen™"

( College of Pharmacy , Wuhan University, Wuhan 430072, China)
TONG Li-Heng

{ Wuhan R&D Center of Bivtechnology , Wuhan

Abstract

430030, China)

In order to study the feasibility of E2 gene fragment of hepatitis virus G(HGV) as a component of DNA vaccine against the

hepatitis virus G infection, a 559bp DNA fragment encoding HGV E2 was cloned into plasmid pCMV-S from pThioHis-E2 in the same
reading frame with HBsAg gene to form a recombinant plasmid named pCMV-S-E2. BALB/c mice of Kunming sirain were immunized
with purified plasmid DNA of pCMV-S-E2 by intra-muscularly inoculation. The immunizations were boosted twice at an interval of 14
days. The whole blood was collected from mice orbit on the day-8 after the last boost. Mice sera were screened by ELISA to determine

the humoral immune response using E2-GST fusion protein as the immobilized antigen and the sera from mice immunized with pCMV-

S as control. The result indicated that the immunization with plasmid DNA of pCMV-5-E2 could induce quite strong humoral immume

response .
Key words DINA vaceine, E2, hepatitis G virus

GBV-C/hepatitis G virus ( HGV) identified in 1995 — 1996 by
Linnen et al . and Simons et al . as a transfusion- transmissible virus is
becoming worldwide spread infectious pathogen. The infection causes
acute and chronic hepatitis, cirthosis and liver cancert " 2 ¥

The virus is transmitied via the same roules as HCV. The
principal transmission routes are blood transfusion, injection of blood
derivates and other parenteral ways“' 2
injection drug abusers, patients of hemodialysis, blood donors and
recipients of blood derivates and also patients with hemophilia. HGV
infection rate presented in blood donors is about 1.5% ~ 1.7% .

HGV RNA positive patients were about 3% in the population of hemo-

. The high risk proups are

dialysis patients. Recent research of Sentfens et al found that HGV/GB
viras could be transmitted by blood in patients undergoing open-heart
surgery'*

obviously

. HGV transmission between mother and children occurs
[5] | Sexual conduct is another possible transmission way'') .
So protecting people from HGV infection becomes an important health
issue .

HGV is a posilive, single-stranded RNA virus. Its genome
containing approximately 9400 nucleotides shares about 25% ~ 40%
homology to HCV, and has a genomic organization resembling that of
[flaviviridae . In analogy with other flaviviruses, the viral envelope

protein, E2, probably locating on the surface of the virus is presumed

Received : 02-25-2004

to play an important role in binding the virus to target cells.

Tt would be interesting 10 know whether E2 could induce immune
response against HGV infection, The previous siudy found that the
humoral immune response to E2 was associated with losing detectable
HGV virsemial® . Appearance of E2 specific antibodies might serve as
a useful marker for diagnosing recovery from HGV infection'® 7).
Thus if E2 DNA fragment is introduced into animal body mediated by
eukaryolic expression vector, €. g. pCMV-S (known also as pRe/
CMV-HBs), the expressed E2 encoded by E2 gene fragment would
elicit immune responses which conld prevent the immunized animal
frem HGY infection.

In this work, HGV E2 gene fragment was inserted into plasmid
pCMYV-§ yielding the plasmid pCMV-5-E2, and the immune response
induced with pCMV-5-E2 plasmid DNA was characterized. The result
showed that the DNA immunization could induce a quite strong

humoral immune response .

1 Material and methods

1.1 Material
1.1.1 Strains, plasmids and animal: Escherichia coli strain DH5a
[supE44 AlacU169 ( @80 lacZAMI5) hsdRI7 recAl endAl gyrA96

+ Fethia Ben Yebdri, A master student from Algeria. The research interest is Bio-tech Pharmaceutics.
#» Corresponding author. Tcl: B6-27-68752339; E-mail: hwma @ whu.cdu.cn
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thi-1 relAl ] and Escherichia coli BI21 (DE3) strain [ hsdSgal
{ Aclis857 indl sam7 nin51acUV-T7 gene 1} ] were preserved in the lab.

Plasmid pThioHis -E2 containing HGV E2 was a gift from
Chinese Drug and Biological Product Examination Institute'®’ .
Plasmid pGEX5X1-FE2 containing HGY E2 fragment was constructed
by Wang et al'” . Plasmid pCMV-5 containing HBsAg gene fragment
was a gift given by Victoria Knudson of Aldevron Corp.

Six weeks aged BALB/c mice of Kunming strain were provided by
Experimental Animals Centre at Wuhan University .

1.1.2 Reagents: Restriction DNA endonucleases, PCR Kit, T4
phage DNA Ligase and RNase A were purchased from MBI Fermentas
and Sino-American Biotechnology Company, respectively.

Reagents for ELISA, purifying GST-E2 fusion protein, and for
recovering DNA from agarose gel were prepared according to the
methods described previously[m‘ 1. 121 pylyclonal antibodies against
GST and F2 protein were prepared with the way mentioned
pmviously[ 10,13, M. 15]

PCR primers were synthesized by Shanghai Sangon Biotechnology
Company.

1.1.3
Microplate Reader. Bio-Tek instruments, Inc (wype EL x 800).

Instrument : ELISA photometer was purchased from Universal

Sonicator for destructing K . coli was purchased from Sonics. Vibra
cell™ . UV-VIS Recording spectrophotometer { Model Ultrospec 3100
pro) was purchased from Amersham Pharmacia Biotech. Refrigerated
centrifuge ( Model S810R) was purchased from Eppendorf.

1.1.4
analysis; Vector NTI 9.0 advanced ( InforMax® ) purchased from
InorMax, Inc. was employed for DNA/protein data processing and

Software for data processing and DNA/protein sequence

analyzing.
1.2 Methods
1.2.1 Construction of recombinant plasmid pCMV-§ E2L.:

(1}Amplifying E2 DNA fragment from plasmid pThioHis-E2 by
PCR:PCR primers for amplifying E2 fragment from pThio-His-E2 were
designed as follows:
Sense primer:
5"-CGA TGA CAA GGT ACC ATG GAT GAG CTC GAG ATC TTC-3’

Kpn 1
Anti-sense primer:
5-CTG GGC CCC CCG TGA GAC CCG CAC C-3
Apa 1

PCR was conducted according to the standard procedure
described by ( Sambrook et al)1'¢

(2) Insertion of E2 DNA fragment into pCMV-5: A 559bp E2
gene fragment amplified with PCR was digested with Ape I and
Kpn | . recovered from agarose gel'®! and ligated with plasmid
pCMV-S linearized with Apa I and Kpn 1 1'),

The ligation product was introduced into E. coli DH5a competent
cells. Plasmids isolated from several transformants were analyzed with
restriction mapping by both Kpn I and Apz I . Recombinant plasmi-

ds containing a 559 bp E2 gene fragment were named as pCMY-S-E2.
1.2.2 Expression and purification of fusion protein GST-E2: The
recombinant E . coli BL21 { DE3)/pGEX5-X1-E2 was cultured in LB
medium, and expression of fusion protein GST-E2 was induced with
IPTG. The cells were harvested and sonicated according to the
previously described methods!®* 7 ¥ GST-E2 was purified ss
described in the GST Gene Fusion System manual from Pharmacia
Biotech!"!} .

1.2.3 Immunizing mice with plasmid DNA of pCMV-5-F2:

(1) Preparation of plasmid pCMV-5-E2 DNA for immunization: A
large scale of recombinant plasmid pCMV-5-E2 was prepared from a
bulk culture of E. coli DH5a pCMV-S-E2 in LB medium containing
100ug/ml. of ampicillin according to the previously described
methods' 6" 2% 21 RNA was removed by treatment with RNase A and
minor contaminant proteins were eliminated with Phenol: Chloroform
extraction and then mixed with 1/10 volume of 3mol/L sodium acetate
and two volume ethanol and stored overnight at — 20 °C. Plasmid
DNA was recovered by centrifugation at 10003 x g for 15min. The
plasmid DNA pellet was washed with 70% of ethanol then dissolved in
physiological salt solution [0.9% of NaCl]. The quantity and purity
of isolated plasmid DNA was assessed spectrophotometrically. Purified
plasmid DNA was diluted with physiological salt solution to obtain a
final concentration of 1 mg/ml..

(2) Immunization of mice with plasmid DNA : Fifteen of six-week
old female BALB/c mice of Kunming strain were randomly divided into
three groups ( five mice each)} named as group-A, -B and -C,
respectively. In group A, mice were injected with physiological salt
solution. The five mice in group B were injected with 50pg of pCMV-
S plasmid DNA and mice of group C were injected with 50pg of
pCMV-S -E2 plasmid DNA. To improve DNA absorption, 100pL of
2% Neocaine solution was injected into quadriceps of right hind limb
of the mice three days before each injection. The immunizations were
boosted twice at an interval of 14 days. The whole blood was collected
from mice orbit on the day-8 after the last boost.

1.2.4 Determination of the titer of antibodies against protein E2 in
the mice sera: Antibody titers of the mice sera were determined by
ELISA"™ by using GST-E2 fusion protein purified with Glutathione
affinity column chromatography as coaled antigen and the sera
collected from mice immunized with plasmid DNA of pCMV-5 as
control. The immuno-reaction between the antibodies and GST-E2
fusion protein was detected with horseradish peroxidase labeled goat-

anti-mouse 1gG secondary antibodies[™- 19-21- 21

2 Results

2.1 Construction of recombinant plasmid pCMV-S-E2

In order to create a DNA fragment containing HCV E2 coding
sequences for inserting it into pCMV-S in the same reading frame with
HBsAg, E2 DNA fragment on plasmid pThioHis-E2 was modified with
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the way of oligonucleotide medialed mutagenesis by using the designed
primer pair. The modified 559bp long E2 gene fragment digested with
Kpn 1 and Apa I was inserted into pCMV-S at the site of Kpn [

Ampleillin

. 5618 b P\ HBs
ColEl origin P Baxi(1403)

SV40 Poly A HBVIUTR

BssHII(2853) Xbal(2792)
Bst XI(2812) Norl{2799)

Digestion with
Kpnl and Apal

T4 DNA ligase

Ampicillin

ColEl origin

bal(1032)  pamui(3805)

and Apa I (See Figure 1) . As shown in Figure 2 plasmid pCMV-S-
E2 was successfully constructed and identified with restriction mapping
and PCR amplifying using the designed primer pair.

Psil(4554)
Smal(4398)
E2 o

Bglll(3848)

Kpnl(3832) pThioHis-E2

5067 bp
Snal(3665)

Apal(2529)

PCR
Digestion with l
Kpnl and Apal

5 E2(55%90p) ¥

PCMVLS-E2

6177 bp

$V40 Poly A

BssHII(3798) HBs
B5IX[(2348)
BsIXI(3757) .
Notl(3744) HBVI'UTR
Xbal(3737)

Fig.1

Fig.2 Restriction mapping of the recombinant
plasmid of pCMV-S-E2

1:ADNA/EcoR I + Hind Il molecular marker;
2:E2 DNA fragment amplified from plasmid DNA of pThioHis-E2 by
PCR;
3;plasmid pCMV-S DNA digested with both Ape I and Kpn I ;
4:plasmid pCMV-S-E2 DNA digested with both Apa I and Kpn [ ;
5:plasmid pCMV-S-E2 DNA digested with 4pa I ;
6:E2 DNA fragment amplified from plasmid DNA of pCMV-$-E2 by PCR

To further confirm the correctness of the insertion, plasmid DNA
of pCMV-5-E2 was sent to Shanghai Dingan Biology Science Co.LTD

Construction of the recombinant plasmid pCMV-S-E2

for sequencing analysis using the same primer pair. The sequencing
verified that HGV E2 gene fragment was correctly inseried into
pCMV-§.
2.2 Expression of fusion protein GST-E2 in E. coli BL21
(DE3)/ pGEX5X1-E2

The preliminary experiments indicated that the expression level of
E2 protein in the prokaryotic system of E . coli TOP 10 pThioHis was
too low to provide enough amount of purified E2 protein as antigen for
detecting antibodies elicited by plasmid DNA of pCMV-S-E2. To
overcome this difficulty, plasmid pGEX-5X-1-E2Z was employed for
expression E2 protein in a form of GST-E2 fusion protein. The purified
GST-E2 fusion protein could be detected as a single protein band with
appearance molecular weight of 49kD on the SDS-PAGE gel as shown
in Figure 3. The molecular weight ( MW ) of this fusion protein
corresponds to the deduced MW of GST-E2 fusion protein and this is
also in somehow in conformity with the sum of MW of GST and E2.

To further identify the purified fusion protein and confim its
immunological reactivity, two Western blot experiments were
performed using anti-GST and anti-E2  antibodies as probe,
respectively. As shown in Figure 4, the anti-GST antibodies could
specifically recognize the protein bands located at 49kD either in the
lane of affinity chromatography purified sample or in the lane of the
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cell lysate of E. coli BI21(DE3)/ pGEX-5X-1-E2 induced with
IPTG. Figure 5 indicated that anti-E2 protein antibodies could also
specifically recognize the band of the 49 kD GST-E2 fusion protein.

Fig.3 Expression and purification of fusion protein GST-E2
1:GST-E2 fusion protein purified by affinity chromatography
2:cell lysate supernatant of E . coli BL21 (DE3)/pGEX-5X-1-E2 induced
by IPTG
3:protein MW marker
4:cell lysate of E. coli BL21 (DE3)/pGEX-5X-1-E2 induced by IPTG
5:uninduced E . coli BL21 (DE3)/pGEX-5X-1-E2 cell lystate
6:cell lysate of E . coli BL21 (DE3)/pGEX-5X-1 induced by PTG
7:uninduced E . coli BL21 (DE3)/pGEX-5X-1 cell lystate

1 2 3

—49kD

Fig.4 Western Blot probed with anti-GST antibodies
to verify authenticity of GST-E2 fusion protein
1:Fusion protein GST-E2 Purified with affinity column chromatography
2:BL21 (DE3)/pGEX-5X-1 E2 cell lysate induced by IPTG.
3:Uninduced £ . eoli BL21 (DE3)/pGEX-5X-1-E2 cell lysate

2.3 Plasmid DNA of pCMV-S-EZ could induce humeoral
immune response in mice

To verify the immunogenesity of plasmid DNA of pCMV-S-E2,
BALB/¢ mice were injected intra-muscularly with plasmid DNA of
pCMV-S-E2 and pCMV-5 (as control) . To determine the purity of the
plasmid DNA, ratio of 0Dy 10 0Dy (as an index of DNA purity)
was taken. The ratio was large than 1.8, which indicated that the
purity of plasmid DNA  was  suitable for DNA
immunizationl' B %#- 51

Mice sera were collected at the 6th week after first injection and
screened for antibody IgG class with ELISA using the GST-E2 fusion

protein as immobilized antigen. As indicated in Figure 6, the level of
antibodies against E2 protein in mice inoculated with pCMV-S-E2
DNA increased obviously comparing with those in mice inoculated with
plasmid DNA pCMV-5, in which there was no detectable immuno-
reaction. To ensure the existence of anti-E2 antibodies in the mice
sera recognized only the portion of E2 in the GST-E2 fusion protein,
GST protein purified with Glutathione affinity column chromatography
as an antigen was also put into the assay. The result indicated that no
antibodies against GST were detected see Figure 6.
1 2 3

— 49%kD

Fig.5 Western Blot probed with rabbit anti -E2
polyclonal antibody to verify authenticity
of GST-E2 fusion protein
1:GST-E2 fusion protein purified with affinity column chromatography
2;uninduced E . coli BL21 { DE3)}/pGEX-5X-1 E2 cell lysate
3:cell lysate of E . coli BL21 { DE3)/pGEX-5X-1 E2 induced by IPTG

045 ¢

—— NaCl
0.40 —a— pCMV-S§
035 —A— pCMV-5-E2(E2}
0.30 —m— pCMV-S-E2(GST)
g 025
ES
&~ 020¢
=
015}
010 3
0.05 |
0 . R . . . .
0 1 1:02 1:04 1:.08 1:16 1:32

Diluticn ratie
Fig.6 Humoral Immune Response in Immunized mice with
either Recombinant Plasmid DNA of pCMV-S or pCMV-S-E2.
ELISA was done by using E2-GST Fusion Protein
as coated antigen, except that indicated
( Cut-off Value was determined as the average of negative controls = 0. 18)

3 Discussion

One of the first advantages of the genetic immunization is that the
side effects are almost negligeable, and as far as the data indicate,
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[30.31]  DNA vaccine have the

have a superior efficacy added
advantages, which are their ease of constniction, the low expense of
mass production, their high temperature stability, and their ability to
induce a full spectrum of exceptionally long-lasting immune responses
including cytolytic T cells, they are also immunogenic after oral
applicationm] .

Recently developed DNA vaceine technology has shown to be of
inducing specific antibody responses in mice against virus proteins,
including influenza virus A, HIV-1 and hepatitis B virus''"*) . It has
also been reported that this method may have both protective and
therapeutic values'®) and may provide an approach to cure persistent
viral infections.

Tn this respect, gene fragment of HGV could be a good candidate
for developing DNA vaccine and for its use as an adjunct to antiviral
therapy .

In this work, we consiructed a recombinant plasmid, pCMV-S-
E2, by inserting the HGV envelope protein E2 genc fragment into
pCMV-S  under the

eytomegalovirus ( CMV ) promoter. Using directly intra-muscularly

eukaryotic  expression  vector control  of

inoculation in the mice model,
characterized and verified for its value and potential as anti-HGV

humoral immune response was

vaccine. As shown in Figure 6 the level of antibodies against HGV £2
pretein in the mice sera inoculated with plasmid DNA of pCMV-5-E2
was quite high (P > 0.18), which demonstrated that DNA based
immunization with plasmid DNA of pCMV-5-E2 induced a satisfying
humoral immune response is consistent with the results of previously

reported where DNA was wused as a
(26, 71. B8, 29]

works plasmid
vaccine

Based on other relevant researches, investigators believe that a
strong cellular and humoral immune response would be required to
prevent human from infection of HGV and a high efficient vaccine
could be formulated by inchuding both plasmid pCMV-S-E2 and E2
protein as the componemts of a Hepatitis G vaccine. Supported by
relevant research achievements, pCMV-S vector in this work seems 1o
be a successful and promising vector for DNA immunization .

This study should be undertaken in nenhuman primate before a
vaccine development program settled. Experimentally infected
chimpanzees seem to be the most susceptible animal model. Thus, any
value of DNA vaccine against HGV infection could be evaluated and
demonstrated in nonhuman primate model, like chimpanzee, before

vaceine development .
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