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Abstract
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The severe acute respiratory syndrome (SARS) is a newly emerged disease with high
infectivity and morbidity. The causative agent for SARS has been identified as a novel
coronavirus named SARS-CoV. Among the viral vectors used in vaccine design, recombinant
adenovirus (ADV) is known for high-level protein expression and efficient induction of
neutralizing antibody and/or cellular immunity in many virus diseases, yet only causes mild
illness in humans. Besides, recombinant ADV vaccine can induce mucosal immunity, which can

effectively protect host from viral diseases disseminated through mucosa.

In this study, we use the recombinant ADV as vector and three of SARS-CoV structure
proteins, spike (S), membrane (M) and envelope (E), as targets to develop SARS vaccines. We
have constructed three recombinant adenoviral vectors encoding S (Adv/S), M and E (Adv/ME),
as well as S, M and E (Adv/SME), respectively. The pShuttle plasmids, which contain S, M or E
genes, are used as DNA vaccines. Two immunization strategies, one-shot ADV vaccination and
DNA/ADYV prime-boost immunization regimen, are performed in BALB/c mice to compare their
efficiency in inducing humoral and cellular immune responses. We are establishing the
enzyme-linked immunosorbent assay (ELISA) to determine anti-E, -M, and -S antibodies via E
coli-expressing proteins and immunofluorescence assay (IFA) via 293A cells transfected with
interested gene-carrying On the other hand, the specific T cell response induced by vaccination

will be determined by splenocyte proliferation test.
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@ = ~ pShuttle ~ pShuttle/S ~ pShuttle/ME » pShuttle/SME 5 %8

-

CMV promoter f= SV40 polyA signal 2.

S~M~E fA#2 PCR & 4 A 8] 11315 41

- L
f
14| e *» ) (Xbal for S ; Xhol for M ; Notl for E){¢ £ i 4% 3 pShuttle 5 4§ -
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pE-l'IJHI:-"'E psrmmu.ue pShuttle/SME

&"*ﬁﬂﬁﬁf@fﬁ j-e*‘ *p-P&

W= ~ 2 *24 A% B 3 Fx 2 pShuttle/S ~ pShuttle/ME % pShuttle/SME it i+

pShuttle/S 12 Xbal 4= EcoRV i 7 #/23% » pShuttle/ME 12 Xhol ~ Notl i {7 7£3% » pShuttle/SME
12 Xbal ~ Xhol ~ Notl i&{7Fgzs > 22 4 P gz % /] @

8

T ELICSE

pShuttle/S pShuttle/ME pShuttle/SME
Uncut 11098 bp 8963 bp 13439 bp
Xbal 6693, 4405bp - 9034, 4405bp
Xhol - 7604, 1359bp 12080, 1359bp
Notl - 8095, 868bp 12571, 868bp
EcoRV 7712, 3386bp - 10053, 3386 bp
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Balik -

6.5k =

4.5k -
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N
ok —

WI - 2 Pacl ~ BstXI §l3# 4% = pADV/S » pADV/ME 4r pADV/SME ¢t £ %
#-pADV/S ~ pADV/ME 4= pADV/SME 4 %] 11 Pacl ~ BstXI *24]f# > 2] » *» 412 DNA + /|

PERBETFHZ A (4T &)

Plasmid L e FE 8 22 DNA # &+ -] (bp)

pADV/SME BstXI 11921, 13201, 5251,4117, 4254, 2379, 1399
pADV/S BstXI 11921, 10860, 5251, 4254,4117, 2379, 1399
pADV/ME BstXI 11921, 12842, 5251, 4254, 2379, 1399
pADV/SME Pacl 41000, 3000

pADV/S Pacl 39000, 4500

pADV/ME Pacl 37000, 4500
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pADV/SME pADV/IME  pADV/S

s M E Mo E >

14k
A0k

gk
Bk
ak
Ak

— S :3768 bp

FOEIT L

3k

«— M : 722 bp

0.5k

— E:231bp

02k =

W=+ ~ 2 PCR # % pADV/S » pADV/ME - pADV/SME # # S~M~E £ 7]
" & - 313 % (%2 )27 PCR > £ pADV/S » pADV/ME 4 pADV/SME ¥ #§5 1 S 4 7]
(3768bp) ~M £ 7 (722bp) %2 E &7 (231bp) -
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W= -4 £ eupd DNA (60 00 o] 2 BMBLBL % 293A fme 0 LML 4
T %(100 X)
(@) HAF 0= 1(b) BAULFA4X 1 (0) ALK T I (EHALSF 8=
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10-5 10-6 10-7 10-B 10-9

Adv/ME
10°PFU/m

Adv/S
1.25%
103PFU/mI

BN < BEE L Eup A R Ak R L R
A AR ES 10751004107 10% 107 3403 Fse Bep s AUENEER]
F* 4§ 5 10°PFU/ML- Adv/S 5% 4 § 5 1.25X10°PFU/M 1 » 7 4 5 %% 2 54 A2 -

Virus Date Virus titer
2004/05/20 1.6x108 PFU/0.5mL
Adv/ME 2004/06/18 8x109 PFU/1.5mL
2004/05/20 5x105 PFU/1mL6x109
Adv/S 2004/06/18 PFU/1.5mL

Adv/GFP 2004/05/20 108 PFU/1mL
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R
131k
Wik —
Tk

Ak

E5 11
< GST-E:33kd

1Tk

B4 ~ 2 Coomassie blue % ¢ 4 47 = % 4% 5 (BL21/DE3)3% % GST-E e Y AMEE
$wFA2 E 2 0D.go=0.6 FF > ¥t 25C 4 » IPTG R B ¥ kA& 5 0.5mM > &[5 1 -} FFicf 7
7 417 o lane 1: protein markers ; lane 2: uninduced bacterial pellet; lane 3: induced lhr

bacterial pellet; lane 4: induced 2hr bacterial pellet; lane 5: induced 3hr bacterial pellet; lane 6:
induced 4hr bacterial pellet; lane 7: induced Shr bacterial pellet °
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ik

< GST-E:33kd

Bk =

Mk -

B+ ~ 12 anti-GST it {of + anti-E & jFrazas v 2. GST-E g £ 3-v

lane 1,4: uninduced bacterial pellet, lane 2,3: eluted GST-E protein - Lane 1,2 2. — & Fuid &
anti-GST Ab (1:5000 #-#) » = 53t 5 HRP labeled anti-mouse IgG (1:5000 ##) - Lane 3,4
2_— %348 : rabbit anti-E antiserum (1:1000 ﬁrﬂ’@) » = 188 5 HRP labeled anti-rabbit IgG
(1:5000 #+F¢) -
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E
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i

mk -

AR L LN

Mk —

LR B IR B

W+ - - ™ Coomassie blue % ¢ 4 47+ % 4& F(BL21):A % S 9 2 B %
% wE2 & 3 0.D.go=0.6 FF > >+ 37C4e » IPTG # &% kR 52 0.5mM > = 15 1 /| Pt & 7
7% % 37 o lane 1: uninduced bacterial pellet ; lane 2: induced 1hr bacterial pellet; lane 3: induced

2hr bacterial pellet; lane 4: induced 3hr bacterial pellet; lane 5:protein markers °
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< His-S:138kD

Bt ~g >R E20R Sy 23E%
lane 1: uninduced bacterial pellet ; lane 2: induced 3hr bacterial pellet © — 3748 % rabbit
anti-S antiserum (1:4000 ##) > = =+t 5 HRP labeled anti-rabbit IgG (1:5000 F#)
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L= d = 222404 AdVME > g 4% 2 M % E 3% 4L

lane 1: non infected 293A cell; lane 2:Adv/ME infected 293A, 48hr; lane 3:Adv/GFP infected
293A, 48hr » — A 5 SARS i A PR & G (1:1000 #F) > = st 5 HRP labeled
anti-human IgG (1:5000 #f#)
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1 2 3 4 5 E-.'E?T B 9 10 11 42 13 14 15 1@
1.  S24hrsisd4s5 primer - = o o
2. S4Bhrsisd4st primer
1. M2dhrsMFHIR primoer
4. MdBhrsMFHIR primer
3. Elhrs/E1+E2 primer
6.  EABhra/EZ+E2 primer
7. ME24hra/MF+MR primer
E.  ME48hra/MF+MR primer
9. ME24hrs/E1+EZ primer o
10. ME48hrs/E1+EZ primer o
11.  SME24hrs/sd+s5 primer |
12. SMEdBhrs/sd+s5 primer =
13. SME24hrsMFHMR primer -
14. SME48hrs/MF+HMR primer -
15. SME24hrs/E1+E2 primer
16. SMEd8hrs/E1+E2 primer

Two step RT-PCR:

1. Use Jpg total RNA in synthesizing first-strand cODNA {with M-MLV RT {H-))
2. Use 2 L of the first-strand cODNA reaction in PCR

3. Check PCR product; 1/5 volume of PCR reaction

ML= 2 R-PCR 424 & € 2 42 293A %% S~M 2 E AFlehi mE %
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B+ 7 - 2 IFA g% Vero E6 ‘m® i 4 pShuttl  pShuttl /M {4 £ 3 M F-v &%

A : Vero E6 cell transfected with pShuttle ; B @ Vero E6 cell transfected with pShuttle/M - -
#4 5 rabbit anti-M antiserum (1:50 f#§) » = =428 5 FITC- conjugate goat anti-rabbit Ab

(1:800 ) -
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0.9 —

0.8 —— Agl GST 5000

07 L —=— Agl GST 10000
0.D.450 06 L Ag5 GST 5000

—— Ag5 GST 10000

0.5 | —— Agl E 5000

04 r —— Agl E 10000

03 AgS5 E 5000

02 Ag 5 E 10000

0.1

0 e : -
0 5000 10000 15000

B+t ~ @ anti-E Fuk82. ELISA enif i 3¢

fi% < %45 F4 M2 GST-E fé & 34 % Fl& = ELISA = j% » 12 mouse anti-GST ¥ ki
%8 ~ rabbit anti-E Fwu- ‘;Fi ¥ 17— %348 > HRP labeled anti-mouse (2 anti-rabbit) IgG § = &
FkE o RIGR ELISA 2 F BRif 2 40T £ o

BlFRTE P PIRIE 2
GST-E Lk B (pg/well) 125
Blocking buffer 1% % & 59 F9o

Mouse anti-GST Ab % & &

1:1000, 1:2000, 1:5000 % 1:10000

Rabbit anti-E antiserum ﬁ—% &

1:1000, 1:2000, 1:5000 % 1:10000

HRP-conjugated goat anti-mouse (or
anti-rabbit) IgG ﬁr% 2 &

1:5000 £ 1:10000
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4 - ~ pCA4 primers
Primer name Primer sequence (5’ - 3°) Gene amplified
AdXbal-301
AAAATCTAGATGAAATCTGAATAATTTTGT S
(forward)
AdXbal-3600
AAAATCTAGACAAAACAGATACAAAACTAC S
(reverse)
AdXhol-301
AAAACTCGAGTGAAATCTGAATAATTTTGT M
(forward)
AdXhoI-3600
AAAACTCGAGCAAAACAGATACAAAACTAC M
(reverse)
AdNotI-301
AAAGCGGCCGCTGAAATCTGAATAATTTTGT E
(forward)
AdNotI-3600
AAAAGCGGCCGCCAAAACAGATACAAAACTAC E

(reverse)
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4% = ~ S~ M and E specific primers for PCR check

Primer name

Primer sequence(5’ - 3’)

Gene amplified

SE-1 (forward) ACGGATCCATGTACTCATTCGTTTCGGA E
SE-2 (reverse) ACGAATTCTTAGACCAGAAGATCAGGAA E
M-F (forward) ACGGATCCATGGCAGACAACCGGTACTATTA M
M-R (reverse) ACGAATTCGTAACCTGGAAGTCAACAAGATG M
Spike (forwar) ACGGATCCATGTTTATTTTCTTATTATTTCTTACTC S
Spike (reverse) ACGAATTCGTTCGTTTATGTGTAATGTA S
Spike-4 TAGGCAGCAATCATATCATCA S
Spike-5 GATTTCACTGATTCCGTTCG S

29




PR

ARl g uEp A SA T ~ A MIEA Flfod 5 S~ M~ EA Flih= ;fé_;_f_:s_wjl
:f{;ai §“£§ » I e fr @DNA‘E%&;{ XA R REEF % o P i = ELISA{eIFA
E o iR BMP AR BRBREAFREFMA T PR o BT B R
nE ..‘syﬁ'a:f{;ai FBESARSHZ &7 MG s Ry HiE o

30



