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Identification and Mapping of Antigenic Epitopes of Severe Acute

Respiratory Coronavirus Spike Protein

Abstract

Severe acute respiratory syndrome (SARS) is a newly emerged human infectious disease caused by the
severe acute respiratory syndrome coronavirus (SARS-CoV). And the S, M, N and E protein are four
main structural proteins of SARS-CoV. The spike (S) protein of SARS-CoV is a major virion structural
protein. It plays an important role in the interaction with receptors and neutralizing antibodies. In the
study, six epitopes (S1 S2 S3 S4 S5 S6) of the spike protein of SARS-CoV were predicted by
bioinformatics analysis. Firstly, a multi-epitopes chimeric antigen gene was constructed and synthesized.
The chimeric antigen gene then fused to downstream GST gene in pGEX-6p-1. The western blot assay
demonstrated that SARS patient convalescent serum could recognize the recombinant fusion protein. And
six predicted epitopes gene fused to GST expressed in E.coli BL21 respectively. Among six fusion proteins,
GST-S5 reacted with monoclonal antibody D3C5 and GST-S2 reacted with monoclonal antibody D3D1
against spike protein of SARS-CoV. The results indicated that the epitopes recognized by monoclonal
antibody D3C5 and D3D1 are all lineal epitopes. The two epitopes correspond the sequence of 447 to 458
and 789-799 amino acid of spike protein of SARS-CoV respectively.

2C5 is a SARS-CoV spike protein specific neutralizing monoclonal antibody. Based 2CS5 as the

C™ phage display peptide library were screened. After the third panning 20 phage

target molecular, C7
clones were analyzed and sequenced. Among these 20 clones, there are 7 get the same sequence
TPEQQFT and their OD value in ELISA are all over 0.2. And the phages displayed this peptide could
inhibit and compete with SARS-CoV spike protein in binding with monoclonal antibody 2C5. Align the
peptide with spike protein sequence, we found it may located in amino acid 539 to 559 of spike protein.
In further step S539-559 was fused with GST and expressed and purified. But the followed analysis
demonstrated that 2C5 did not binding with S539-559. However, this fusion protein could be recognized
by immunized chicken sera. So S539-559 is a lineal epitope of spike protein, but not the epitope of 2C5.

And the sequence TPEQQFT is a mimic epitope of monoclonal antibody 2C5.

Amino acid 318 to 510 is the receptor binding domain of SARS-CoV spike protein. To map the
antigenic epitope of this region, a set of 23 partially overlapping fragments spanning the fragment were
fused with GST and expressed. With Western blot and ELISA analysis, two antigenic epitopes SRBD3
(334-349) and epitope D3D1 (447-455) were identified. Immunization of mice with each of the two

antigenic epitope-fused proteins revealed that all four proteins could elicit spike protein specific antisera.



In this study, the S1 domain of the spike protein and three truncated fragments SIN, S1C and SRBD
were expressed by fusion with GST in a pGEX-6p-1 vector. ELISA and Western blot results demonstrated
that the 510-672 fragment of the S1 domain is the antigenic dominant region. To map the antigenic
epitope of this antigenic dominant region, a set of 16 partially overlapping fragments spanning the fragment
were fused with GST and expressed. Four antigenic epitopes S1C3 (539-559), S1C4 (548-567), S1C7/8
(583-606) and S1C10/11 (607-630) were identified. Immunization of mice with each of the four antigenic
epitope-fused proteins revealed that all four proteins could elicit spike protein specific antisera. And all of
them were able to bind to the surface domain of whole spike protein expressed by recombinant baculovirus
in insect cells. Identification of antigenic epitopes of the spike protein of SARS-CoV may provide the
basis for the development of immunity-based prophylactic, therapeutic, and diagnostic clinical techniques

for severe acute respiratory syndrome.

All together, seven lineal antigenic epitopes SRBD3 D3C5 D3D1 S1C3 S1C4 S1C7/8 S1C10/11
and one mimic epitope were identified. This work could provide the basis for the development of
immunity-based prophylactic, therapeutic, and diagnostic techniques for the control of severe acute

respiratory syndrome and further structural and function analysis of spike protein.

Keywords: SARS-CoV, Spike protein, Monoclonal antibody, Epitope, Epitope mapping.
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Table 1-1 Classification of coronavirus.

1 HCoV-229E Human Respiratory infection
TGEV Pig Enteritis
PRCoV Pig Respiratory infection
PEDV Pig Enteritis
FIPV Cat Peritonitis,systemic infection
FCoV Cat Enteritis
CCoV Dog Enteritis
2 HCV-0OC43 Human Respiratory infection
MHV Mouse Respiratory,enteritis,hepatitis,encephalitis
RCoV Rat Respiratory infection
HEV Pig Respiratory,encepalomyelitis
BCoV Cattle Enteritis
3 IBV Chicken Respiratory infection
ICoV Turkey Enteritis
4 SARS-CoV Human Pneumonia,diarrhea?
3 SARS-CoV
RNA 27~31kb
5 3 PolyA
RNA RNA RNA
RNA RNA
RNA mRNA RNA mRNA
, RNA transcription regulating
sequences TSR RNA
SARS 29.7kb 2003 9 35
SARS
1-2  Marra 2003 Ksiazek 2003 Rota 2003 2003
5 3 265 342
Marra 2003 Rota 2003 14 Thiel 2003
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2-1

Table 2-1. Prediction epitopes of structural protein of SARS-CoV.

(aa)

S1
s2
s3
s4
S5
S6

Ml

M2

M3
N1
N2
N3

NTRNIDATSTGNYN
KLRPFERDISNV
DSVRDPKTSEIL
AEQDRNTREVF
PDPLKPTKRSF
KNHTSPDVDLGDIS
YSNRNRF
CDIKDLPKEI
KLNTDHAGSND
MSDNGPQSNQRSAPR
ARPKQRRPQGLP
KKPRQKRTATKQ

424~437 14aa
447~458 12aa
560~571 12aa
754~764 1laa
789~799 1laa
1139~1152 14aa
38~44 Taa
158~167 10aa
204~214 1laa
1~15 15aa
36~47 12aa
257~268 12aa

aa:

amino acid residue

21
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CTGGGATCCAATACTAGGAACATTGATGCTACTTCAACTGGTAATTATAATggaccgggaGCTGA
ACAGGATCGCAACACACGTGAAGTGTTCggaccgggaTATTCTAATCGGAACAGGTTTggaccggga
TGTGACATTAAGGACCTGCCAAAAGAGATCggaccgggaATGTCTGATAATGGACCCCAATCAA

ACCAACGTAGTGCCCCCCGCggaccgggaAAAAAGCCTCGCCAAAAACGTACTGCCACAAAAC
AGCTCGAGCGG

SSCV B: (291bp) (S1+S3+S5+N1+N2+N3)

CTGGGATCCAATACTAGGAACATTGATGCTACTTCAACTGGTAATTATA ATggaccgggaGATTCC
GTTCGAGATCCTAAAACATCTGAAATATTAggaccgggaCCTGACCCTCTAAAGCCAACTAAGAG
GTCTTTTggaccgggaATGTCTGATAATGGACCCCAATCAAACCAACGTAGTGCCCCCCGCggaccg
28aGCAAGGCCAAAACAGCGCCGACCCCAAGGTTTACCC CggaccgggaAAAAAGCCTCGCCAAA
AACGTACTGCCACAAAACAGCTCGAGCGG

SSCV-C: (258bp) (S2+S4+S6+M1+M2+M3)

CTGGGATCCAAGCTTAGGCCCTTTGAGAGAGACATATCTAATGTGggaccgggaGCTGAACAGG
ATCGCAACACACGTGAAGTGTTCggaccgggaAAAAATCATACATCACCAGATGTTGATCTTGGC
GACATTTCAggaccgggaTATTCTAATCGGAACAGGTTTggaccgggaTGTGACATTAAGGACCTGCC
AAAAGAGATCggaccgggaAAATTAAATACAGACCACGCCGGTAGCAACGACCTCGAGCGG

SSCV-D: (285bp) (S1+S2+S3+S4+S5+S6)

CTGGGATCCAATACTAGGAACATTGATGCTACTTCAACTGGTAATTATA ATggaccgggaAAGCT
TAGGCCCTTTGAGAGAGACATATCTAATGTGggaccgggaGATTCCGTTCGAGATCCTAAAACAT
CTGAAATATTAggaccgggaGCTGAACAGGATCGCAACACACGTGAAGTGTTCggaccgggaCCTGA
CCCTCTAAAGCCAACTAAGAGGTCTTTTggaccgggaAAAAATCATACATCACCAGATGTTGATC
TTGGCGACATTTCACTCGAGCGG
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Fig. 2-2 Predictions of hydrophilicity, antigenic index and surface possibility of chimeric protein SSCV-A, SSCV-B,
SSCV-C and SSCV-D
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2.3

BamHI Xhol
EcoRI 2-3

1 23 45 6 7 8 9 10111213

Fig.2-3 Restriction analysis of recombinant plasmids
1. DNA molecular marker; 2-4.pGEX-SSCV-A digested with EcoR1,BamH1and Xhol respectively; 5-7. pPGEX-SSCV-B
digested with EcoR1,BamH1and Xhol respectively; 8-10. pPGEX-SSCV-C digested with EcoR1,BamH1and Xhol
respectively; 11-13,pGEX-SSCV-D digested with EcoR1,BamH1and Xho1 respectively

2.4 GST-SSCV

BL21 IPTG
GST-SSCV/A 34.4kD, GST-SSCV/B 35.0kD, GST-SSCV/C 34.0kD, GST-SSCV/D 34.9kD
2-4 IPTG
IPTG 0.05mmol/L 4h
M 1 2 3 4 5
kD
97.4— 2.4
66.2—
SDS-PAGE
43.0— Fig.2-4 SDS-PAGE of recombinant
fusion protein and control.

31.0 — M: low molecular protein standards;

1:control of GST protein;
2:pGEX-SSCV-A;
3:pGEX-SSCV-B;
4:pGEX-SSCV-C;
5:pGEX-SSCV-D
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2.5 GST-SSCV

sepharose 4B RediPack

SDS-PAGE 2-5
GST-SSCV-A GST-SSCV-B
kD B
97.4 ""f’“!
662
430 |
31.0 - '
20.1 _
14.4 —-!
GST-SSCV-C GST-SSCV-D
kD
97.4
66.2
43.0
31.0
20.1
14.4
2-5 SDS-PAGE

Fig.2-5 SDS-PAGE analysis of the recombinant chimeric fusion protein.

1 2 3 4 5

2-6 western-blot

Fig.2-6 The fusion protein could be recognized by  sera measured by western blot analysis.

1:GST control protein; 2,3,4:fusion protein of GST-SSCV-A, GST-SSCV-B, GST-SSCV-C, GST-SSCV-D
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2.6

2-6 , SARS-CoV
GST
GST-SSCV/C SARS-CoV

Lasergene SARS-CoV

SARS

GST-SSCV ,
GST-SSCV-A, GST-SSCV-B  GST-SSCV-D

, epitope

Lasergene Protein

G-P-G
SARS

SARS-CoV

RT-PCR PCR
SARS-CoV
SARS
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SARS

SARS-CoV Spike protein
GST-SSCV-D  GST-SSCV-A SSCV-D
D3D1 D3C5 6 S GST 6 GST-S5
D3C5 GST-S2 D3Dl1 Western blot
SARS-CoV 447 458
789 799 D3D1 447~458 S
SARS-CoV SARS
SARS
SARS Severe acute resperiratory syndrom,
SARS (Peiris 2003a Drosten 2003 Ksiazek 2003)
SARS SARS Coronavirus SARS-CoV
SARS-CoV RNA 29.7Kb 11

Qin ED 2003
Peiris 2003a Drosten 2003 Qin ED 2003

SARS , 2003
12
3 Qin ED 2003 S
Gallagher
2001 SARS S Buchholz 2004
S S
6 S
S
S SARS

1.1
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GST-D  GST-A 50ug

BALB/c
25ug A D
37 CO, 24h
7 PEG3000
7~10 HT
GST-D GST-A
1.2 S
6 S SI S2 S3 S4 S5 S6
57
BamHI  Xhol
1.3 S2 S5 9
S2 S5 S2 S5 9
S5-1  S5-3 S2 S5 9 N C 1
S5 1 9 9
1 DNA BamHI
1.4 9
BamHI Xhol pGEX-6P-1
DNA T4 DNA DH5a
BL21 1 100 2xYT
0.1mol/L IPTG 4h 1/20 PBS
12% SDS-PAGE
4B RediPack Pharmacia Biotech
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SP2/0 1

HAT 37 CO,

ELISA
3~5

3-1 6
37

S2-4
S2

S2-1

Xhol

12,000rpm

sepharose



3-1

Table 3-1. The sequence of peptides and the synthesized nucleotides.

S1 5’-gatccaatactaggaacattgatgctacttcaactggtaattataattaac-3’ NTRNIDATSTGNYN (424-437)
S2 5’-gatccaagcttaggecectttgagagagacatatctaatgtgtaac-3’ KLRPFERDISNV (447-458)
S2-1 5’-gatccaagcttaggecctttgagagagacatataac-3’ KLRPFERDI (447-455)
S2-2 5’-gatcccttaggecctttgagagagacatatcttaac-3’ LRPFERDIS (448-456)
S2-3 5’-gatccaggccctttgagagagacatatctaattaac-3’ RPFERDISN (449-457)
S2-4 5’-gatccecctttgagagagacatatctaatgtgtaac-3° PFERDISNV (450-458)
S3 5’-gatccgattccgttcgagatcctaaaacatctgaaatattataac-3° DSVRDPKTSEIL (560-571)
S4 5’-gatccgetgaacaggatcgcaacacacgtgaagtgttctaac-3’ AEQDRNTREVF (754-764)
S5 5’-gatccectgaccctctaaagecaactaagaggtctttttaac-3’ PDPLKPTKRSF (789-799)
S5-1 5’-gatccectgacectctaaagecaactaagaggtaac-3’ PDPLKPTKR (789-797)
S5-2 5’-gatccgaccctctaaagccaactaagaggtettaac-3’ DPLKPTKRS (790-798)
S5-3 5’-gatccectctaaagecaactaagaggtctttttaac-3’ PLKPTKRSF (791-799)
S6 5’-gatccaaaaatcatacatcaccagatgttgatcttggegacatttcataac-3° KNHTSPDVDLGDIS (1139-1152)
573 gatce c s 3 5’
g gaget 5 3 BamHI  Xhol
taa
1.5 ELISA
0.1mol/L pH 9.6 10pg/ml
50 100ul/ ELISA  4°C 5% 3h PBST PBS
0.1% Tween-20 37°C lh PBST
1 5000 HRP IgG 37°C lh PBST OPD
15 50ul/  2mol/L H,SO4 490 nm
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1.6 Western blot

2% 12% SDS-PAGE
5% 4°C 37°C lh PBST
10 1:5000 37°C 1h PBST 10 DAB
BCIP/NBT
2
2.1 9
S2 S5 BamHI, Xhol
pGEX-6P-1
BL21 0.lmmol/L IPTG
26~27kD 3-4A
3-6A 3-6C
2.2 GST-D SARS
GST-D SARS
3-1A
2.3 GST-S2  GST-S5 SARS
SARS GST-S1  GST-S6 6

GST-S2 SARS
3-1B S2
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2.4

A Human sera hicken sera

Chimeric] o
protein

&
o

Chimernc
protein

P est Y s cS° 80
. : * .+ = Chicken
e - s sera
; = — Human
4 5 1= .m Eﬂ-r a
3-1
Fig.3-1 Western blot analysis of the recombinant protein.
A SARS
B SARS
BALB/c ELISA
SSCV-D D3D1 D3C5
2 D3C5  1gG2a D3Dl1 IgGl1
3-2 SARS-CoV ELISA D3C5
OD 0.5 D3Dl1
SARS-CoV D3D1 Western blot
180kD 3-3
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3-2 SARS-CoV ELISA 6

Fig.3-2 Specificity of six monoclonal antibodies detected by SARS-CoV ELISA

3-2 SARS-CoV
Table 3-2 Characteristic the subtype of the MAbs.

AlF4 A2B3 A2B7 A2D5 D3D1 D3C5
IgGl1 IgGl1 IgGl IgGl IgGl IgG2a
Kappa Kappa Kappa Kappa Kappa Kappa
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M

3-3 D3D1

1 2

- <4—180kD

SARS-CoV  Western blot

Fig. 3-3 Western blot analysis of MAb D3D1 to SARS-CoV.

M marker, 97.4 66.2
VeroE6
2.5
D3Dl1 D3C5
GST-S2 D3Dl1
S2
GST-S5 3-4C  Western blot

PDPLKPTKRSF 789~799AA

2.6
S2 S2 9
S2-1 S2
D3C5 ELISA

PDPLKPTKR

43kD 1

SARS-CoV

D3D1  ELISA(

3-5D
789~T9TAA

KLRPFERDI 447~455AA

Western blot
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Western blot
3-4B  Western blot
KLRPFERDISNV  447~458AA
3-5C ELISA

3-5B

3-6D

SARS-CoV  VeroE6

ELISA

3-5A ELISA

D3C5
S5

Western blot

S5

S5
S5-1

3-6B

9

S5



97.4
A 66.2
43.0
31.0
20.1
14.4
B
C : ;
R —
3-4 Western blot
Fig.3-4 Western blot analysis results of recombinant peptide-fusion protein to MADbs.
(A) SDS-PAGE M 1-6 GST-S1 GST-S2 GST-S3
GST-S4 GST-S5 GST-S6,7 GST B) D3D1  Western blot 1-7

A (O D3C5  Western blot 1-7 A
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3-5 ELISA
Fig.3-5 ELISA results of peptide fused protein to MAbs.
(A) GST-S1  GST-S6 GST D3DIELISA B)S2 S2 9
D3D1 ELISA ©) GST-S1  GST-S6 GST D3C5 ELISA (D)
S5 S5 9 D3C5 ELISA
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A kD
97 .4
66.2

430

310

201

14 4

97 4
66 .2

430
30

201
14.4

it

3-6 S2 S5 Western blot

Fig.3-6 Precise location of epitopes with Western blot.

(A)S2  S2 9 SDS-PAGE M 1-6 GST-S2 GST-S2-1
GST-S2-2 GST-S2-3 GST-S2-4 GST (B)S2 82 9 D3D1 Western blot 1-6
A 1-6 (C)S5 S5 9 SDS-PAGE M 1-5
GST-S5 GST-S5-1 GST-S5-2 GST-S5-3 GST (D)S5 S5 9 D3CS5 Western blot
1-5 CcC 15
3
epitope T
B T
B
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SARS

S2 S5
S2
S2 K447LRPFERDIys55:AA
3-7 S 318~510
ACE2 Wong 2004 S2

1 Iy

S1 (424-437) S2 (447-458)  S3 (560-571) S4 (754-764)

S2-1 (447-455)

S2-2 (448-456)

S2-3 (449-457)
|

S2-4 (450-458)

3-7.

S2 SARS
S2 S
S5 P730DPLKPTKR 797
193 SARS-CoV

S5 (789-799)
|

S6 (1139-1152)
S5-1 (789-797)
| ]

S5-2 (790-798)
]

S5-3 (791-799)

Fig.3-7 Schematic diagram of spike protein epitopes identification results.

SARS-CoV
SARS
SARS-CoV S
S S
SARS
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SARS S 2C5
SARS-CoV S 2C5 7
20 ELISA 10 ELISA OD 0.2
8 7 TPEQQFT
SARS-CoV S 2C5 SARS-CoV S 7
S 539 559 S Ts3PSSKRFQPFQQFGRDVSDFTsso
21  GST 2C5
Western blot SARS
Ts:0PSSKRFQPFQQFGRDVSDFTsso S TPEQQFT 2C5
SARS SARS-CoV S
SARS S
S
SARS SARS S
SARS
S
SARS
2C5 7 2C5
S
1
1.1
7 ph.D.C7C New England Biolabs 1.2x10°
ER2378 SARS-CoV S 2C5
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1.2

SARS S
MI13 promeg
1.3
S¢g 100ml 0.1 mol/L NaHCO; pH 8.6
0.1 mol/L NaHCO; pH 8.6 Smg/ml BSA  0.02% NaNj 4°C

TBS 50mmol/L Tris-HCl pH 7.5 150mmol/L NaCl

(TBS/T) 100ml TBS pH7.5 0.5ml Tween-20

862ul 50ml pH 2.2 100ml
LB 10 g Bacto-Tryptone 5 g yeast extract 5 g NaCl
IPTG/Xgal 1.25 g IPTG isopropyl B-D-thiogalactoside 1 g Xgal
5-Bromo-4-chloro-3-indolyl-pB-D-galactoside 25 ml
-20°C
LB/IPTG/Xgal LB +15¢g/L 70°C 1 ml IPTG/Xgal
4°C
10 g Bacto-Tryptone 5 g yeast extract 5 gNaCl 1gMgCl,»6H,O0 7 ¢
20 mg/ml  -20°C
LB-Tet LB +15g/L 70°C  1ml
4°C
PEG/NaCl 20% (w/v) PEG8000 2.5 mol/L NaCl
1.4
ER2378
5~10ml LB 37°C OD600 0.5
50°C LB
10 10ul 200l Smin

LB/Tet/IPTG/X-Gal
Smin 37°C
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1.5

a. 2C5 10pg/ml 0.1mol/L NaHCO; pH8.6
b.  150ul 96
c. 4°C
d. ER2378 20ml LB 250ml
e.
ELISA 4°C 2h
f. e TBST ELISA
5
g, 100pl TBST 2x10"
60min

h.
i. f TBST 10
J- 100ul 15min

15l 1mol/L  Tris.HCl pH9.1
k. lul
1.

ER2378
37°C 20ml 0.2pg/ml 37°C
m. 4°C 1000g 10min

10,000g 10min.
n. 80% 1/6 PEG/NaCl
4h

0. 4°C10000g 15min

41

pH

Smin

4.5h

10

eppendorf
7~8.5



p. Iml TBS

12000g Imin
q. eppendorf 1/6

15~60min 4°C

r. 200ul TBS

eppendorf
.
t 96
u.

10"pfu

V.

Tween-20 0.2% v/v
w. LB/IPTG/X-Gal
X. 2C5 ELISA
y.

Tween-20 0.5%
z.  LB/IPTG/X-Gal
1.6
20
ER2738 37°C
30sec eppendorf

4°C
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12000g

1.5ml

PEG/NaCl

10min

10min

150ul a~c

100

4.5h
80%
1:1

eppendorf

d~k

100

d~r

-20°C

100



2C5P1 2C5P2  2C5P20
1.7
20 DNA DNA
1.4 500ul 200ul PEG/NaCl
10min  12,000g 10min 100ul 250ul
10min  12,000g 10min 70% 30ul
M13-96g111
5’-GCCCTCATAGTTAGCGTAGCT-3’
1.8 ELISA
2C5 10pg/ml 100ul 96 ELISA 4°C
TBST, 0.5%Tween-20 3 37°C 1h 3
TBS 10"pfu/ml 100ul 3 2h
5 100pul  1:5000 HRP- M13 Pharmacia
37°C 1h 5 OPD 20min 2mol/L H,SO,
1.9 ELISA
SARS S ELISA lng/  4°C TBS
2C5EP14 10 210" 210" 210" 50pl
2C5 37°C 1h ELISA 37°C
1h 5000 HRP IgG 37°C 1h OPD
492nm OD
1.10
GST 2C5 S TPSSKRFQPFQQFGRDVSDFT
21 $539~559s 5’-gATCCACTCCTTCTTCAAAAGATT

TCAACCATTTCAACAATTTggCCgTgATgTTTCTgATTTCACTC-3’

S539~559a

5-TCgAgAgTgAAATCAgAAACATCACggCCAAATTgTTgAAATgeTTgAAATCTCTTTgAAgAAgE

AgTg-3 21
Xhol DNA BamHI  Xhol
DH5a
pGEX-S539
IPTG SDS-PAGE

RediPack Amersham Pharmacia Biotech

43

BamHI
pGEX-6p-1 Invitrogen

BL21
Sepharose 4B
GST-S539



1.11 2C5  ELISA

ELISA GST-S539 50pg/ml

GST 2C5

1.12 SARS Western blot
12% SDS-PAGE 5% 4
TTBS 1 100 SARS 2h TTBS
5000 AP IgG 1h BCIP/NBT
2.
2.1
Tween-20 “ - - i
4-1
4-1
4-1

Table 4-1 Bio-Panning with the peptide library.

1* screening 2" screening 3" screening
(Input) 210" pfu 5> 10% pfu 5> 10% pfu
(Output) 1.7><10° pfu 3.7><10° pfu 1.9 107 pfu
/ (Out/In) 8.5>107% 0.074% 3.8%
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4-1
Fig.4-1 Plaque of phages.

2.2
20 20
2C5 ELISA 20 OD
0.2 10 OD 0.25 8 4-2

0.4
0.35
0.3
o 0.25
?roz
g o
O 0.15
0.1
0.05
0

T Y2 IRENRRS0YOIALSN® ARG

RRabhaRRRaiis iR EEg RS

d &8 &§ &« &« &« § « « O OO O OO O OO0 0 O 8

N N N N N N N N N N N>

Phage clone
4-2 2C5 ELISA

Fig.4-1 ELISA analysis the binding ability of diluted phages clone to MAb 2CS5.
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2.3

TPEQQFT

4-3

539~559

20
8 2C5
ELISA
S 2C5
7 TPEQQFT S
2C5
4-2

Table 4-2 Sequence analysis of selected.

7 8
ELISA OD 0.25
TPEQQFT 2C5
TPEQQFT7 S
539 559

Phage clone No. 0D490 DNA sequence AA sequence
2¢5pl 0.119 ACGAAGTCTCCTCCTCTGCAG TKSPPLQ
2c5p2 0.258 ACGCCTGAGCAGCAGTTTACT TPEQQFT
2c5p3 0.253 ACGCCTGAGCAGCAGTTTACT TPEQQFT
2c5p4 0.121 ACGAAGTCTCCTCCTCTGCAG TKSPPLQ
2c5p5 0.302 ACGCCTGAGCAGCAGTTTACT TPEQQFT
2¢5p6 0.298 ACGCCTGAGCAGCAGTTTACT TPEQQFT
2¢5p7 0.127 ACGAAGTCTCCTCCTCTGCAG TKSPPLQ
2c5p8 0.200 ACGAAGTCTCCTCCTCTGCAG TKSPPLQ
2¢5p9 0.338 ACGCCTGAGCAGCAGTTTACT TPEQQFT
2c5p10 0.173 ACTCCTTCGGCGCTTGCGAGT TPSALAS
2c5pll 0.176 TCTTGGCCTAATACGAGTAAT SWPNTSN
2c5pl2 0.107 ACGTCGCTGCTGAGGGGGCAG TSLLRGQ
2c5p13 0.168 CCTCCGATGCCGAATACGACG PPMPNTT
2c5pl4 0.357 ACGCCTGAGCAGCAGTTTACT TPEQQFT
2c5pl5 0.167 ACTCCTTCGGCGCTTGCGAGT TPSALAS
2c5pl6 0.203 TCTTGGCCTAATACGAGTAAT SWPNTSN
2¢5pl7 0.318 ACGCCTGAGCAGCAGTTTACT TPEQQFT
2c5pl18 0.242 CATGCTACGCATACGAATTAT HATHTNY
2¢5p19 0.355 ACGCCTGAGCAGCAGTTTACT TPEQQFT
2¢5p20 0.187 ACTCCTTCGGCGCTTGCGAGT TPSALAS
*0D490  0.25 8(2,3 5,6 9,14,17,19) TPEQQFT OD490 0.2 10 8 TPEQQFT (16): SWPNTSN;
(18): HATHTNY
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Bjol KNQCVNFNFNGLTGTGVLTPSSKRFQPFQQFGRDVSDFTD 560

BjoL KNQCVNENFNGLTGTGVLTPSSKRFQPFQQFGRDVSDFTD 560

Bjol KNQCVNFNFNGLTGTGVLTPSSKRFQPFQQFGRDVSDFTD 560
205p-2 - = = = = = mmmm e m e oo oo TPEQQFT------- 7

4-3 S

Fig.4-3 Sequence alignment between the peptide displayed on the phage and S protein of SARS-CoV of BJO1 strain.

2.4 ELISA
2C5  ELISA 7
S 7
2C5P14 2C5 S 2C5pl4 S
10" pfu/ 2C5 S 4-4
12
8 08 _
E 06
(@]
0.4
L= [

10711 10*10 109 108 1047 106 105 104 103

phage clone 2C5p14 dilution

100

80

60 -

40 |

20

o0l

inhibition percent %

-20

10*11  10*10  10*9 10*8 10%7 10*6 10*5  10*4 10*3

phage dilution

4-4 ELISA

Fig.4-4 Competitive inhibition ELISA of selected phage.
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2.5

0.Immol/L IPTG

2.6

ELISA

4-6A

S539~559 2C5 S
BamHI,Xhol
GST-S539
4-5
M 1 2 M 3 4
kD
97.4— |l —
66.2— | — ' —
== [
43.0— | — S
"':- s S
31.0— | N— s ——
| -
20.1— | =
14.4— |y —
4-5 SDS-PAGE

539~559

pGEX-6P-1

BL21

Fig.4-5 SDS-PAGE analysis of the expression and purification of recombinant fusion protein.

GST

Western blot

1

GST-S539

GST-S539

4-6B
2C5

GST
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2 GST

2C5
GST-2CS5EP1

3

GST-S539

2C5

S

SARS
539-559

4

GST



0.6

0OD490

03 woalp
0.2

GST-S539  GST GST- GST
S539

4-6 2C5 ELISA(A) Western blot (B)
Fig.4-6 ELISA (A) Result of fusion protein to MAb2C5 and Western blot (B) of fusion protein to chicken sera

against SARS-CoV.

3
Smith 1985 fd
Parmley Smith 1988
Stoute 1995 Hou 2002 Dell’Orco 2002 Cerino 2001
plil  pVII
DNA
affinity purification
biopanning panning
2C5
TPEQQFT S
S539~559 S539~559 S
2C5 2C5 2C5
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S ACE2
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He
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2C5

2005

SRBD



SARS

SARS
PCR
pGEX-6p-1
D3D1
ELISA
Western blot
S
SARS
SARS
S
S 1255AA
SARS S
S1 S22
S1
C Helix
S
S1
Helix
N 1~13
S

S S1
S S1
S1  SIN SI1C SRBD PCR
Western blot
SARS SARS
SARS ELISA
S 510~672 S1
S
Severe Acute Respiratory Syndrome SARS
2002 2002~2003
8000 800
S
SARS
12~672AA S S1
S1 SIN S1C SRBD
SARS
N C
S
SARS-CoV S
S1 S2
S2 N helix M helix
S1 S2 S2
SARS
S
1197~1218 S
729~770 879~1016 1164~1185
S2 N/M/C helix
2003 YU (2003) SARS

N Aminopeptidase N APN /CD13
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1 C
SARS S
757~761 CD13 585~653 CD13
SARS SARS (Bosch 2004) S
S1 193 Li 2003
S1 S1
1
1.1 SARS
pGEX-6P-1 Dh5a  BL21 SARS S1
pBLUT-SS
1.2
BamHI Xhol EcoRI T4 DNA IPTG HRP
IgG AP IgG Promega SARS
SARS
SARS SARS S D3D1 D3Cs5
1.3 S1 SIN SIC SRBD PCR
SARS Urbani NCBI AY278741
S 5-1 , 5’ BamHI
5’ Xhol PCR dH20 33ul
10xPCR buffer Spul 25p mol/L 1ul, 25mmol/L dNTP 4pul DNASul Ex-Taq DNA
Tl 50ul S1 pSls pSla SIN pSls
pSRBDa S1C pSRBDs pSla SRBD pSRBDs pSRBDa PCR 94  4min,

94  30sec 55 Imin 72 2min 35 72  Smin 4
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5-1 PCR

Table 1. PCR primers sequence.

53

pSls 5' ATAGGATCCAGTGGTAGTGACCTTGACCG 3' 34 +
pSRBDs 5' CGCGGATCCAATATTACAAACTTGTGTCC 3' 952 +
pSRBDa 5' TAACTCGAGAACCGTGGCCGGTGCATTTA 3' 1530 -

pSla 5' CGCCTCGAGTTTTTGGCTAGTACTACGTAA 3' 2016 -

1.4 S1 SIN S1C SRBD
BamHI Xhol pGEX-6P-1 BamHI Xhol PCR ,
T4DNA DH5a
pGEX-S1 pGEX-SIN pGEX-SIC pGEX-SRBD
BL21
1.5
100ug/ml LB 37 1 100
2xYT A600 0.5~0.7 0.5mol/L IPTG 4h
1/20 PBS 12,000rpm SDS-PAGE
1.6 Western blot
SDS-PAGE 5% 4 TTBS
1 100 SARS 2h TTBS 1
5000 HRP IgG 1 5000 AP IgG lh



DAB BCIP/NBT

1.7 ELISA
0.1mol/L
ELISA
PBS  0.1% Tween-20
PBST 1 5000
15
2
2.1 PCR
PCR 0.8%
2001bp SIN
2.2
BamHI, Xhol
BamHI Xhol
1032A G
2.3
GST-S1

GST-SRBD 47kD

54

1/100 8mol/L
pH 9.6 100 100ul/
4°C 5% 3h PBST
100 37°C 1h
AP IeG 37°C 1h PBST
50ul/  2mol/L NaOH 405 nm OD
5-1  S1
1512bp SI1C 1083bp SRBD 597bp
EcoRI
5-2
Urbani
1035T C
BL21 0.5mol/L IPTG 4h
99.6kD GST-SIN 82.3kD GST-S1C 65.2kD

5-3



5-1 PCR
Table 5-1. PCR product of four fragments.
1 6DNA 2 S1 PCR 3 SINPCR 4 SI1C PCR 5 SIRBD PCR

5.0 kb—]|

2.5 kb—

1.0 kb— 1.0 kb
500 bp
100bp

5-2
Fig.5-2 Constructs identification with restriction enzyme digestion.
M1, DNA (250~20,000bp); M2, DNA (100~2,000bp); 1, pGEX-S1; 2,

pGEX-SIN; 3, pGEX-SRBD; 4, pGEX-S1C
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5-3

Fig.5-3 SDS-PAGE analysis of expression.

; CpGEX-S1C ; D pGEX-SRBD

; BpGEX-SIN

A pGEX-S1

GST
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2.4 Western blot

5-4 GST-S1 GST-SIN GST-SIC  GST-SRBD SARS
S D3Dl1 SARS
1 2 3 4 1 2 3 4 5
—
g
- Gl —
e - -—
.\v_.r
A B
5-4 Western blot

Fig.4 Western blot analysis of recombinant fusion protein to MAb D3D1 and immunized chicken sera.

A D3D1  Western blot B Western blot 1 GST-S1
2 GST-SIN 3 GST-SIC 4 GST-SRBD 5 GST

2.5 ELISA

ELISA S1  SIC

2
15
1
; B
S1 SIN

SRBD SicC GST

0OD405

5-5 ELISA

Fig.5-5 ELISA analysis of four recombinant fusion protein.
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SARS S M E N S
SARS 1255 1-12AA
13~1255AA SARS S I Tripet 2004 Bosch
2003 S S1  S2 2
S SARS S S1  S2 Marra
2003 S1 LiW 2003 Babcock 2004 Wong SK
2004 Xiao 2003 S2 S
Tripet 2004 Hofmann
2004
S
Takasuka 2003 Tang 2004 S
S DNA Yang ZY
2004 Kim 2004 Zeng 2004 Zhu 2004 SARS
S Bukreyev 2004 Buchholta 2004
S S

Choy 2004 Wang]J 2003 LilJ 2003 Ren 2003 Zhou 2004
Zhang H 2004 HeY 2004b Hua 2004
Western blot GST-S1  GST-SIC GST-SIN
GST-SRBD 5-6 S1 C 510~672AA

5-6 Western blot

Fig.5-6 Schematic diagram of western blot analysis result of recombinant fusion protein with immunized chicken sera.

Zhao 2005a 2005b S 450 650

SARS

58



S1 S510~672  Zhao

S510~672
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SARS S1
SARS S 510-672 S1
16
510~672 pGEX-6p-1
GST
16 Western blot  ELISA
S1C3  539~559 S1C4 548~567 S1C7/8 583~606 S1C10/11
607~630 S
S
SARS
SARS S
SARS SARS-CoV
SARS Peiris 2003a Drosten 2003 Ksiazek 2003 SARS
2002 2003 8,000 800
SARS-CoV RNA 29.7 Kb 11
Qin ED 2003  SARS-CoV
S M E N
Qin ED 2003 Rota 2003 Marra 2003
SARS-CoV Guan Y 2003 2003
SARS-CoV ~ SARS-CoV
1,2 3 4 Eickmann 2003
SARS-CoV S 1,255 1 Bosch 2003
S SARS-CoV S S1 S2
SARS-CoV S S1 S2 LiJ
2003 Spiga 2003 S1 Li
W 2003 Wong SK 2004 S2 S
SARS-CoV S S2 ~
Gallagher 2001 Tripet 2004
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Liu S 2004 S

SARS S DNA
Takasuka 2004 Yang 2004 Xiong S 2004 Bukreyev 2004
Bisht 2004 HeY 2004a SARS SARS
Daniel 1993 SARS
S Hua 2004 Choy 2004 Zhang H 2004 Zhou
2004 S S
S1 510~672 16
S SARS
1
1.1
pGEX-6P-1 Dh5a  BL21 SARS S
pBLUEss
1.2
BamHI Xhol EcoRI T4 DNA
IPTG AP IgG HRP IgG Promega
1.3 SARS-CoV S
SARS SARS
SARS rBac-SS S
S19
1.4
S1 510~672AA 163AA S1Cs10-672
16 S1Csi-672 S1C1~S1C16
16~21AA 6-1 16
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Notes:

5 9
DNA

BamHI 3’ Xhol
BamHI Xhol
6-2

6-1

Table 6-1. The sequence and the location of designed short peptides.

(AA )
s1C1 510-525 VCGPKLSTDLIKNQCV
S1C2 524-539 CVNFNFNGLTGTGVLT
S1C3 539-559 TPSSKRFQPFQQFGRDVSDFT
S1C4 548-567 FQQFGRDVSDFTDSVRDPKT
S1C5 567-582 TSEILDISPCSFGGVS
S1C6 575-590 PCSFGGVSVITPGTNA
sS1C7 583-598 VITPGTNASSEVAVLY
S1C8 591-606 SSEVAVLYQDVNCTDV
S1C9 599-614 QDVNCTDVSTAIHADQ
S1C10 607-622 STAIHADQLTPAWRIY
S1CI1 615-630 LTPAWRIYSTGNNVFQ
S1C12 623-638 STGNNVFQTQAGCLIG
S1CI3 631-646 TQAGCLIGAEHVDTSY
S1C14 639-654 AEHVDTSYECDIPIGA
S1C15 647-662 ECDIPIGAGICASYHT
SI1C16 655-672 GICASYHTVSLLRSTSQK
AA amino acid S1C3 21AA S1C4 20AA SI1Cl16 18AA 16AA S1C3
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6-2.

Table 6-2. Synthesized short peptide encoding DNA sequence.

Name*  Sequence

S1Cls 5-gATCCgTTTgTggACCAAAATTATCCACTgACCTTATTAAgAACCAQTgTgTCTAAC-3’

S1Cla 5-TCgAgTTAgACACACTQgTTCTTAATAAQgTCAgTggATAATTTTggTCCACAAACG-3

S1C2s 5-gATCCTgTgTCAATTTTAATTTTAATggACTCACTggTACTggTgTgTTAACTTAAC-3

S1C2a 5-TCgAgTTAAgTTAACACACCAgTACCAGTgAgTCCATTAAAATTAAAATTYACACAG-3’

c1c3s 5’—gATC’CACTCCTTCTTCAAAgAgATTTCAACCATTTCAACAATTTggCCngATgTTTCTgATTTC
ACTC-3
5-TCgAgAgTgAAATCAgAAACATCACYgCCAAATTYTTgAAATggTTgAAATCTCTTTYAAGAAGIA

S1C3a  roa

s1Cas 2 -S:ATCCTTTCAACAATTTggCCgTgATgTTTCTgATTTCACTgATTCCgTTCgAgATCCTAAAACA

s1C4a Z’—TCgAngTTTTAggATCTCgAACggAATCAngAAATCAgAAACATCACggCCAAATTgTTgAAAg-

S1C5s  5-gATCCACATCTgAAATATTAgACATTTCACCTTYCTCTTTTgggggTgTAAGTTAAC-3’

S1C5a 5-TCgAgTTAACTTACACCCCCAAAAGAGCAAGYTGAAATYTCTAATATTTCAGATYTY-3’

S1C6s 5-gATCCCCTTgCTCTTTTgggggTgTAAGTgTAATTACACCTggAACAAATGCTTAAC-3’

S1C6a 5-TCgAgTTAAQCATTTGTTCCAggTgTAATTACACTTACACCCCCAAAAGAgCAAGYY-3’

S1C7s 5-gATCCgTAATTACACCTggAACAAATYCTTCATCTgAAGTTgCTgTTCTATATTAAC-3'

S1C7a 5-TCgAgTTAATATAgAACAQGCAACTTCAgATgAAGCATTTgTTCCAgYTgTAATTACG-3’

S1C8s  5-gATCCTCATCTgAAgTTgCTgTTCTATATCAAGATYTTAACTYCACTGATGTTTAAC-3’

S1C8a 5-TCgAgTTAAACATCAgTgCAgTTAACATCTTQATATAGAACAGCAACTTCAgATgAG-3’

S1C9s  5-gATCCCAAQATYTTAACTYCACTgATgTTTCTACAQCAATTCATgCAGATCAATAAC-3’

S1C9a 5-TCgAgTTATTgATCTgCATgAATTgCTgTAGAAACATCAGTYCAGTTAACATCT Tgg-3’

S1C10s 5-gATCCTCTACAgCAATTCATgCAgATCAACTCACACCAgCTTggCgCATATATTAAC-3

S1Cl1l0a 5'-TCgAgTTAATATATgCgCCAAgCTggTgTgAgTTgATCTgCATgAATTgCTgTAgAg-3’

S1Clls 5-gATCCCTCACACCAgCTTggCgCATATATTCTACTggAAACAATGTATTCCAGTAAC-3'

S1Clla 5-TCgAgTTACTggAATACATTgTTTCCAQTAgAATATATgCgCCAAgCTggTgTgAgg-3’

S1C12s 5-gATCCTCTACTggAAACAATgTATTCCAgACTCAAgCAggCTgTCTTATAgYATAAC-3'

S1Cl12a 5-TCgAgTTATCCTATAAGACAgCCTgCTTgAgTCTggAATACATTGTTTCCAGTAGAG-3'

S1C13s 5-gATCCACTCAAgCAggCTgTCTTATAggAgCTgAgCATgTCYACACTTCTTATTAAC-3’

S1Cl13a 5'-TCgAgTTAATAAGAAgTgTCgACATgCTCAgCTCCTATAAgACAQCCTYCTTgAgTg-3

S1Cl4s 5-gATCCgCTgAgCATgTCgACACTTCTTATgAgTgCgACATTCCTATTggAgCTTAAC-3’

S1Cl4a 5'-TCgAgTTAAgQCTCCAATAQgAATgTCgCACTCATAAgAAQTgTCgACATgCTCAgCg-3’

S1C15s 5-gATCCgAgTgCgACATTCCTATTggAgCTggCATTTgTgCTAgTTACCATACATAAC-3'

S1Cl15a 5-TCgAgTTATgTATggTAACTAgCACAAATGCCAgGCTCCAATAgGYgAATGTCGCACTCg-3'

S1C16s 5-gATCCggCATTTgTgCTAgTTACCATACAGTTTCTTTATTACGTAGTACTAGCCAAAAATAAC-3’

S1Cl6a 5-TCgAgTTATTTTTggCTAgTACTACGTAATAAAGAAACTGTATYgTAACTAgCACAAATYCCG-3'
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1.5

BamHI Xhol pGEX-6P-1
T4DNA DH5a pGEX-S1Cl1
pGEX-S1C16
BL21
100pg/ml LB 37 1 100 2xYT
A600 0.5~0.7 IPTG 1/20 PBS
12,000rpm 12% SDS-PAGE
sepharose 4B RediPack Pharmacia Biotech
-20
1.6
6~8 BALB/c 4
10 -20
1.7 Western blot
1.7.1 GST-S1C1 GST-S1C16 SDS-PAGE
5% 4 TTBS 1 100 SARS
2h TTBS 1 5000 HRP IeG
lh DAB 1 200 1 5000
IeG BCIP/NBT
1.7.2 S rBac-SS S
Sf9 SDS-PAGE 5% 4
TTBS 1 100 SARS 2h TTBS 1 5000
HRP IeG 1h DAB
1.8 ELISA
1.8.1 GST-SIC1 GST-S1C16 0.1mol/L
pH 9.6 50 1o0ul/ ELISA 4°C 5%
3h PBST PBS 0.1% Tween-20 10000 D3D1
37°C lh PBST 1 5000 HRP IeG 37°C lh PBST
OPD 15 50ul/ 2mol/L H,SO4 490 nm
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1.8.2

1.9

15

1.10

S19
PBS

2.1

6

S19
GST-SRBD3

BALB/c

S1C3 S1C4 S1C7 S1C8

SARS-CoV S

37°C
IgG Jackson IR

37°C

5 3
S1C10

15min
1h PBS
1h PBS
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SARS

100

rBac-SS
PBS

Smin

72h

ELISA

2min

100

50

FITC
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Fig.6-1 Design expression and purification of short peptide fused proteomics.
2.2
S510~672 ELISA Western blot
ELISA 6-2b Western blot 6-2a 6
GST-S1C3 GST-S1C4 GST-S1C7 GST-S1C8 GST-S1C10
GST-SICI11 ELISA 6 SARS
6-3 6 3 SI1C3 S1C4 12AA
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S1C7  S1C8 S1C10  S1CI11 8AA

ELISA
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6-2. ELISA  Western blot

Fig.6-2 ELISA and Western blot scanning of fused proteomics with immuneized chicken sera.
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6-4.
Fig.6-4 Competitive inhibition ELISA analysis of epitope fused proteins which share common amino acids sequence.



2.3

S1C3 SI1C4 S1C7 SI1C8  S1C10

S ELISA 640
blot S1C4  SIC10 S 6-5
06
A § 1 ——51C3 —=-51C4 —=«—SIC7
[a] 05 4 —#—=5108 —+=51C10 —s— Control
o 4
0.4 -
0.3 -
0.2 -
01y Te— -
O 1 Il Il 1
1/40 1/80 1/160 1/320 1/640
sera dilution
S1C3 S1C4 S1C7 S1C8 S1C10
B 205KD»
116KD»
6-5. S ELISA Western blot

Western

Fig.6-5 ELISA and Western blot analysis of the reactivity of sera against fusion proteins to the spike protein

antigen.

2.4

GST 6-6 S
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6-6. S

Fig.6-6 Immunofluorescence analysis of epitope-specific mice antisera.
A B C D GST-S1C3 GST-SI1C4 GST-S1C8  GST-SIC10 E
GST
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539~559  S1C4 548~567 S1C7/8 583~606 S1C10/11
S1C4 12AA ELISA
12AA
S1C4  SI1C10/11
S1C4
S SARS
S
ELISA
SARS
SARS
SARS
2004 Subarao 2004 ter Meulen 2004
DNA SARS S
Takasuka 2004 Yang 2004 Xiong S
Bisht 2004 He Y 2004a S
SARS S
2004 SARS
2004

SARS

Weingartl
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S S1C3
607~630 S1C3
Zhou 2004
S
Western blot
SARS
Nie Y 2004 Zheng
SARS
2004 Bukreyev 2004
Buchholz
Marshall

2004



SARS

S 318~510
pGEX-6p-1 Western blot
SARS S
23 16
GST D3D1 23
Western blot ELISA SRBD3
F334PSVYAWERKKISNCV349 K447LRPFERDIys55 S
SARS S
Severe Acute Respiratory Syndrome SARS
2002 2002~2003
8000 800
SARS S
S
SARS
S 1255AA 12~672AA S S1 S
spike protein receptor binding domain SRBD 318~510 ACE2
SRBD SARS
1
1.1
pGEX-6P-1 Dh5a  BL21 SARS S
pBLUEss
1.2
BamHI Xhol,EcoRI T4DNA
IPTG AP IgG HRP IgG Promega
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1.3 SARS-CoV

SARS SARS
SARS SARS S
D3D1

1.4 pGEX-SRBD

SARS Urbani NCBI AY278741
pSRBDs 5' CGCGGATCCAATATTACAAACTTGTGTCC 3' pSRBDa 5' TAACTCGAGAACCG
TGGCCGGTGCATTTA 3' 5 BamHI 5’ Xhol
318~510
PCR dH,0 33ul 10xPCR buffer Sul 25pmol/L Tul
25mmol/L dNTP 4pl DNA5Sul Ex-Taq DNA 1ul 50ul  PCR 94
4min 94 30s 55 1min 72 2min 35 72 S5min 4 PCR BamHI
Xhol -20 BamHI Xhol pGEX-6P-1
T4DNA DH5a
pGEX-SRBD, BL21
100pg/ml LB 37
1 100 2xYT A600 0.5~0.7 IPTG
1/20 PBS 12,000rpm 12%
SDS-PAGE
1.5
S 318~510AA 193AA SRBD
SRBD SRBDI1~SRBD23 16AA SRBD23
17AA 8AA 7-1 23
5’ BamHI 3’ Xhol DNA
BamHI Xhol
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Table 7-1. Designed short peptides spanning the receptor binding domain.

7-1.

AA

SRBD1
SRBD2
SRBD3
SRBD4
SRBDS5
SRBD6
SRBD7
SRBDS
SRBD9
SRBD10
SRBD11
SRBD12
SRBD13
SRBD14
SRBD15
SRBD16
SRBD17
SRBD18
SRBD19
SRBD20
SRBD21
SRBD22
SRBD23

318~333
326~341
334~349
342~357
350~367
358~373
366~384
374~389
382~397
390~405
398~413
406~421
414~429
422~437
430~445
438~453
446~461
454~469
462~477
470~485
478~493
486~501
494~510

NITNLCPFGEVFNATK
GEVFNATKFPSVYAWE
FPSVYAWERKKISNCV
RKKISNCVADYSVLYN
ADYSVLYNSTFFSTFK
STFFSTFKCYGVSATK
CYGVSATKLNDLCFSN
LNDLCFSNVYADSFVV
VYADSFVVKGDDVRQI
KGDDVRQIAPGQTGVI
APGQTGVIADYNYKLP
ADYNYKLPDDFMGCVL
DDFMGCVLAWNTRNID
AWNTRNIDATSTGNYN
ATSTGNYNYKYRYLRH
YKYRYLRHGKLRPFER
GKLRPFERDISNVPFS
DISNVPFSPDGKPCTP
PDGKPCTPPALNCY WP
PALNCYWPLNDYGFYT
LNDYGFYTTTGIGYQP
TTGIGYQPYRVVVLSF
YRVVVLSFELLNAPATV

AA  amino acid

SRBD1-SRBD22

16AA SRBD23

17AA
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7-2.

Table 7-2. Synthesized DNA sequences which encoding the short peptides.

No. Name Sequence

Stbd-1s  5°-gATCCAATATTACAAACTTgTgTCCTTTTggAgAggTTTTTAATgCTACTAAATAAC-3’
Stbd-la  5°-TCgAgTTATTTAgTAgCATTAAAAACCTCTCCAAAAggACACAATTTgTAATATTg-3’
Stbd-2s  5’-gATCCggAgAggTTTTTAATgCTACTAAATTCCCTTCTgTCTATgCATgggAgTAAC-3’
Stbd-2a  5’-TCgAgTTACTCCCATgCATAgACAgAAgggAATTTAgTAgCATTAAAAACCTCTCCg-3’
Stbd-3s  5’-gATCCTTCCCTTCTgTCTATgCATgggAgAgAAAAAAAATTTCTAATTgTgTTTAAC-3’
Srtbd-3a  5°-TCgAgTTAAACACAATTAgAAATTTTTTTTCTCTCCCATgCATAgACAgAAgggAAg-3’
Stbd-4s  5’-gATCCAgAAAAAAAATTTCTAATTgTgTTgCTgATTACTCTgTgCTCTACAACTAAC-3’
Srtbd-4a  5°-TCgAgTTAgTTgTAgAgCACAgAgTAATCAgCAACACAATTAGAAATTTTTTTTCTg-3’

Stbd-5s  5’-gATCCgCTgATTACTCTgTgCTCTACAACTCAACATTTTTTTCAACCTTTAAETAAC-3’
Srtbd-5a  5°-TCgAgTTACTTAAAggTTgAAAAAAATETTgAgTTgTAgAgCACAgAgTAATCAgCg-3’
Stbd-6s  5’-gATCCTCAACATTTTTTTCAACCTTTAAgTgCTATggCgTTTCTgCCACTAAETAAC-3®
Stbd-6a  5°-TCgAgTTACTTAgTggCAgAAACgCCATAgCACTTAAAgeTTEAAAAAAATTTgAg-3’
Stbd-7s  5’-gATCCTgCTATggCeTTTCTgCCACTAAETTGAATgATCTTTgCTTCTCCAATTAAC-3’
Stbd-7a  5’-TCgAgTTAATTggAgAAgCAAAGATCATTCAACTTAgTggCAgAAACECCATAgCAg-3’
Stbd-8s  5’-gATCCTTgAATgATCTTTgCTTCTCCAATgTCTATgCAgATTCTTTTgTAgTCTAAC-3’
Stbd-8a  5°-TCgAgTTAgACTACAAAAgAATCTgCATAgGACATTggAgAAgCAAAgATCATTCAAg-3’
Stbd-9s  5’-gATCCgTCTATgCAgATTCTTTTgTAgTCAAgggAgATgATgTAAgACAAATATAAC-3’
Stbd-9a  5’-TCgAgTTATATTTgTCTTACATCATCTCCCTTgACTACAAAAGAATCTgCATAgACg-3’
Srtbd-10s  5’-gATCCAAgggAgATgATgTAAgACAAATAgCgCCAggACAAACT ggTgTTATTTAAC-3’
10 Stbd-10a  5’-TCgAgTTAAATAACACCATTTgTCCTggCgCTATTTgTCTTACATCATCTCCCT Tg-3’
Stbd-11s  5’-gATCCgCgCCAggACAAACTggTgTTATTgCTgATTATAATTATAAATTgCCATAAC-3’
! Srtbd-11a  5’-TCgAgTTATggCAATTTATAATTATAATCAgCAATAACACCATTTgTCCTggCgCg-3’
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H Srbd-14a  5°-TCgAgTTAATTATAATTACCAgTTgAAgTAgCATCAATgTTCCTAgTATTCCAAgCg-3’
Stbd-15s  5°-gATCCgCTACTTCAACTggTAATTATAATTATAAATATAggTATCTTAgACATTAAC-3’
P Srbd-15a  5°-TCgAgTTAATETCTAAgATACCTATATTTATAATTATAATTACCATTgAAgTAgCg-3’
Srbd-16s  5’-gATCCTATAAATATAggTATCTTAgACATggCAAgCTTAggCCCTTTgAgAgATAAC-3’
0 Srtbd-16a  5’-TCgAgTTATCTCTCAAAgggCCTAAgCTTgCCATgTCTAAgATACCTATATTTATAg-3’

17 Srbd-17s  5’-gATCCggCAAgCTTAggCCCTTTgAgAgAgACATATCTAATgTgCCTTTCTCCTAAC-3’
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Srbd-17a

Srbd-18s

Srbd-18a

Srbd-19s

Srbd-19a

Srbd-20s
20

Srbd-20a

Srbd-21s
21

Srbd-21a

Srbd-22s
22

Srbd-22a

Srbd-23s

23
Srbd-23a

5’-TCgAgTTAggAgAAAggCACATTAgATATgTCTCTCTCAAAgggCCTAAgCTTgCCg-3’
5’-gATCCgACATATCTAATgTgCCTTTCTCCCCTgATggCAAACCTTgCACCCCATAAC-3’

5’-TCgAgTTATgggeTgCAAgeTTTgCCATCAggggAgAAAggCACATTAgATATgTCg-3’

5’-gATCCCCTgATggCAAACCTTgCACCCCACCTgCTCTTAATTgTTATTggCCATAAC-3’

5’-TCgAgTTATggCCAATAACAATTAAgAgCAggTgggeTeCAAgegTTTgCCATCAggg-3°

5’-gATCCCCTgCTCTTAATTgTTATTggCCATTAAATgATTATggTTTTTACACCTAAC-3’
5’-TCgAgTTAggTgTAAAAACCATAATCATTTAATggCCAATAACAATTAAgAgCAggg-3’
5’-gATCCTTAAATgATTATggTTTTTACACCACTACTggCATTggCTACCAACCTTAAC-3’
5’-TCgAgTTAAggTTggTAgCCAATgCCAgTAgTggTeTAAAAACCATAATCATTTAAE-3’
5’-gATCCACTACTggCATTggCTACCAACCTTACAgAETTEgTAETACTTTCTTTTTAAC-3’
5’-TCgAgTTAAAAAgAAAETACTACAACTCTgTAAggTTggTAgCCAATgCCAgTAgTg-3’

5’-gATCCTACAgAgTTgTAgTACTTTCTTTTgAACTTTTAAATgCACCggCCACggTTTAAC-3’

5’-TCgAgTTAAACCgTggCCggTgCATTTAAAASTTCAAAAgAAAZGTACTACAACTCTgTAE-3’

1.6

BamHI
T4 DNA

Xhol

pGEX-6P-1
DH5a

pGEX-SRBD23

1.7

BL21
100pg/ml LB 37
A600 0.5~0.7 IPTG
12,000rpm 12%
Sepharose 4B RediPack

-20

GST-SRBD GST-SRBD3

GST-SRBD

12,000rpm
1/100

PBS
SDS-PAGE 12%
PBS
6-8 BALB/c 4

10 -20

GST-SRBD3
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6-8 BALB/c 4

10 -20
1.8 Western blot
1.8.1 GST-SRBD SARS D3D1
SDS-PAGE 5% 4 TTBS 1
100 SARS 2h TTBS 1 5000 HRP IgG
1h DAB
1.8.2 GST-SRBD1 GST-SRBD23 SARS
SDS-PAGE 5% 4 TTBS
1 100 SARS 2h TTBS 1 5000 HRP
IeG 1h DAB 1 200
1 5000 IeG BCIP/NBT
1.9 ELISA
1.9.1 GST-SRBD1 GST-SRBD23 D3D1
0.1mol/L pH 9.6 50 100ul/ ELISA 4°C
5% 3h PBST PBS 0.1% Tween-20 10000
D3D1 37°C 1h PBST 1 5000 HRP IeG 37°C
1h PBST OPD 15 50ul/ 2mol/L H,SO4 490 nm
1.9.2 GST-SRBD3 S SARS
S St9
100 ELISA GST-SRBD3
2
2.1
PCR pGEX-6p-1 Urbani Urbani
1032A G 1035T C
pGEX-SRBD BL21 0.lmmol/L IPTG 37
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4h 12% SDS-PAGE

43kD 7-1 Western blot GST-SRBD
D3D1  SARS 7-2 GST-SRBD
M 1 3 4
kD
97.4—

66.2— -

43.0—

31.0—

20.1—

14.4— w—

7-1. GST-SRBD SDS-PAGE
Fig.7-1 SDS-PAGE analysis of the expression of fusion protein GST-SRBD
M, 1 2 3 4 GST

Human sera Mab D3D1
4

7-2. GST-SRBD Western blot
Fig.7-2 Western blot analysis of fusion protein GST-SRBD
1 3 GST-SRBD 2 4 GST
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2.2

pGEX-6p-1
pGEX-SRBD1  pGEX-SRBD23 BL21
0.lmmol/L IPTG 37 4h SDS-PAGE
SDS-PAGE Western blot ELISA
7-3 SRBD3
7-4
M SRBD1 SRBDS G M SRBD9 SRBD16 G

SRBD17 SRBD23

7-3. SRBD1 SRBD23 SDS-PAGE
Fig.7-3 SDS-PAGE analysis of short peptide SRBD1 to SRBD23 fusion protein.
M G GST SRBD1-SRBD23 GST-SRBD1  GST-SRBD23
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w M 12 3 4

97.4—
7-4. GST-SRBD3
66.2—
Fig.7-4 SDS-PAGE analysis of purified
43.0—
recombinant fusion protein GST-SRBD3.
31.0 M !
' -y S GST-SRBD3 2 GST 3
GST-SRBD3 4 GST
20.1—
44— =
2.3 Western blot ELISA
Western blot GST-SRBD3 GST-SRBD16 GST-SRBD17
7-5 ELISA GST-SRBD17 D3Dl1 7-6

10 11 12 13 14 15 16 17 G 18 19 20 21 22 23 G

7-5. GST-SRBD!  GST-SRBD23 Western blot
Fig.7-5 Western blot analysis the reactivity of immunized chicken sera to short peptide-fused protein GST-SRBD1 to
GST-SRBD23
1-23 GST-SRBD1  GST-SRBD23 G GST
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SRBD1 @
SRBD2 [@
SRBD3 [@

SRBD4 [

7-6.

SRBD5 [
SRBD6 [
SRBD7 [
SRBDS [

SRBD9 [
SRBD10 [
SRBD11 [
SRBD12 [
SRBD13 [@
SRBD14 [
SRBD15 [

GST-SRBD1 ~ GST-SRBD23

SRBD16 ]

SRBD17

SRBD18 [@
SRBD19 [

SRBD20 @
SRBD21 [
SRBD22 [
SRBD23 M

D3D1  ELISA

GST ™

Fig.7-6 ELISA analysis of the reactivity of fusion proteins GST-SRBD1 to GST-SRBD23 to the monoclonal antibody

2.4 SRBD3

GST-SRBD3
ELISA SRBD3

Western blot

0.6

D3D1.

SRBD3

0.5

S
1/640

—o— Mouse-1
B— Mouse-2

0.4
0.3
0.2
0.1

OD405

1/40 1/80 1/160  1/320

7-7. GST-SRBD3

sera dilution

S

1/640

ELISA

—>— Mouse-3
—A— Mask

7-7
SRBD3

Fig.7-7 ELISA analysis of the reactivity of GST-SRBD3 immunized mice sera to recombinant baculovirus expressed

full-length spike protein.
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2.5

23 SRBD Wetern blot
D3D1 ELISA GST-SRBD3 GST-SRBD16  GST-SRBD17
GST-SRBD16 GST-SRBD17 D3D1
GST-SRBD16 GST-SRBD17
D3D1 KLRPFERDI  SRBDI16 6
9 SRBD16 SRBDI17
SRBD3 7-8

D3D1

SRBD17
D3Dl1

"FPSVYAWERKKISNCV ™ SRBD16 ~ YKYRYLRHGKLRPFE
SRBD3 SRBD17 GKLRPFERDISNVPFS
Epitope D3D1 KLRPFERDI
7-8. S

Fig.7-8 Schematic diagram of epitope mapping results of spike protein receptor binding domain.

3
SARS S S

S
SARS ACE2 S S1 318~510
S SRBD SRBD
SARS SRBD

S SRBD
SRBD
23

SRBD3 F334PSVYAWERKKISNCV349
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D3D1 K447LRPFERDIyss D3D1

SRBD3  SRBD S
He 2004 SARS-CoV S
SARS He RBD IgGl  Fc
GST-SRBD  GST-SRBD3 SARS-CoV S
GST-SRBD GST-SRBD3
RBD
GST-SRBD3 GST

Daniel 1993 Daniel 1994 Koolen 1990

MHV S A Luytjes 1989 Talbot 1984 Talbot 1985
pET 3x Daniel 1993 BSA Daniel 1994
Daniel 1994 MHV S A
T Koo 1999

Koolen 1990 Yu 2000 SRBD3
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S
K447LRPFERDIsss D3Dl1
S
23
S
D3Dl1
S S1

S1 510~672

16
SARS-CoV
539~559 S1C4  548~567
S1C3  SI1C7/8

12

P73oDPLKPTKR79; D3C5

2C5
TPEQQFT

16 SARS-CoV

F33sPSVYAWERKKISNCV349 SRBD3

SIN S1C SRBD Western blot

S1 510~672
S1C3
S1C7/8 583~606 S1C10/11  607~630
S1C4  SIC10/11
S 539~630
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