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Abstract

Severe acute respiratory syndrome (SARS) is an emerging infectious disease caused by a novel coronavirus (SARS-CoV). The binding «
SARS-CoV spike (S) protein to cellular angiotensin-converting enzyme 2 (ACE2) is the first step in SARS-CoV infection. Therefore, we assayed
the inhibitory effects of small peptides derived from S protein on the binding of S protein to ACE2 and on the S-protein-pseudotyped retrovirus
infectivity. SP-4 (residues 192-203), SP-8 (residues 483-494), and SP-10 (residues 668—679) significantly blocked the interaction betimeen S prote
and ACE?2 by biotinylated enzyme-linked immunosorbent assay, wihv&ues of 4.36t 2.18, 6.99+ 0.71, and 1.8& 0.52 nmol, respectively.

Peptide scanning suggested the region spanning residues 660—683 might act as a receptor-binding domain. SP-10 blocked both binding of the
protein and infectivity of S protein-pseudotyped retrovirus to Vero E6 cells. In conclusion, this is the first report of small peptides designed to
disrupt the binding of SARS-CoV S protein to ACE2. Our findings suggest that SP-10 may be developed as an anti-SARS-CoV agent for the
treatment of SARS-CoV infection.

© 2005 Elsevier B.V. All rights reserved.
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1. Introduction SARS-CoV spike (S) protein is a large type | transmem-
brane glycoprotein projected from viral envelo@®éch et al.,
Severe acute respiratory syndrome (SARS) is a new emer@003. SARS-CoV S protein consists of two functional domains
ing human disease, resulting in progressive respiratory failur&1 (residues 1-667) and S2 (residues 668—-128h) ¢t al.,
and death in close to 10% of infected individudisiazek et  2004). S1 contains the receptor-binding site and is responsible
al., 2003; Peiris et al., 2003A novel coronavirus was identi- for binding to cellular receptors on the target cell ét al.,
fied as the etiological agent of SARS and designated as SARZ03. S2 contains two heptad repeat regions (HR1 and HR2),
coronavirus (SARS-CoV)Jrosten et al., 2003; Fouchier et al., which assemble into a six-helix bundle and result in membrane
2003. The full-length genome sequence of SARS-CoV wasfusion (Liu et al., 2004; Tripet et al., 2004Moreover, S protein
elucidated within weeks after the identification of this novel containsimportant virus-neutralizing epitopes that elicit neutral-
pathogeniarraetal., 2003; Rota etal., 2003 he angiotensin- izing antibody in the host specie€lien et al., 2005; Hofmann
converting enzyme 2 (ACE2) was identified as a functionalet al., 2004a; Sui et al., 20p4Several reports indicated that
receptor for SARS-CoVA{ et al., 2003. In spite of the remark- blocking the binding of the S protein to cellular receptors can
able pace of discovery, there are not vaccines or effective thergrevent virus entry. For examples, antibody against S protein
pies currently available. efficiently neutralizes SARS-CoV and inhibits syncytial forma-
tion between S protein and ACER€ng et al., 2005; Sui et al.,
2004). Furthermore, soluble S or ACE2 protein blocks S protein
mediates infectioni{ofmann et al., 2004b; Moore et al., 2004;

* Corresponding author. Tel.: +886 4 2205 3366x8503; fax: +886 4 2205 3764V0Ng et al., 2004 These finding suggested that S protein might
E-mail address: cyhsiang@mail.cmu.edu.tw (C.-Y. Hsiang). be an attractive target for drug development.
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Recently, small peptides derived from the HR regions ofwas stored at 4C until further analysis. Sulfo-NHS-LS-biotin
SARS-CoV S protein have been shown to inhibit SARS-CoVshould be prepared freshly by dissolving in water.
infection by the interference of SARS-CoV fusion with target
cells (Liu et al., 2004; Ni et al., 2005; Zhu et al., 2004; Yuan 2.4. Biotinylated enzyme-linked immunosorbent assay
et al., 2004. We designed a series of peptides correspondingELISA)
to SARS-CoV S protein to evaluate the inhibitory potential of
small peptides on both the binding of S protein and the infectiv-  Microtiter plates (MaxiSorp Nunc-ImmuhY plates, Nunc,
ity of S-protein-pseudotyped retrovirus to Vero E6 cells in thisDenmark) were coated at°@ overnight with 5Qul of spike,
study. This approach of utilizing compounds that block receptoACE2 (R&D Systems, Minneapolis, MN, USA), or bovine
interaction has proven useful in other viral systems, includingserum albumin (BSA) (Sigma, St. Louis, MO, USA), which
human immunodeficiency virus type 1 (HIV-1) and hepatitis Cwas diluted in 0.05 M carbonate buffer (16 mMAGDO,, 34 mM
virus (DeClercq, 2001; van Compernolle etal., 2D0Besultsof NaHCGO;, pH 9.6). The wells were rinsed with 200 wash-
this study indicated that SP-10 (residues 668-679) was a poteimty buffer (0.5% Tween 20 in phosphate-buffered saline (PBS)
inhibitor and abolished binding of the S protein to ACE2 and(137 mM NacCl, 1.4 mM KHPQy, 4.3mM NgHPOy, 2.7 mM

Vero E6 cells. KCI, pH 7.2)), and blocked with 20@! blocking buffer (5%
BSA in washing buffer) by incubating at 3T for 30 min.

2. Materials and methods The absorbed protein in each well was challenged withl50
diluted biotinylated protein and incubated at®87for 1 h. After

2.1. Design and synthesis of peptides three washes with washing buffer, @D diluted peroxidase-

conjugated avidin was added to each well and incubatedd 37

The hydrophilicity, surface probability, and chain flexibility for 1 h. Following three washes, Bl chromogenic substrate,
of SARS-CoV S protein were calculated by PeptideStructure,2-azinobis(3-ethylbenzthiazoline-sulfonic acid) (Sigma, St.
program of Genetics Computer Group according to Kyte and.ouis, MO, USA), was added to each well and incubated at
Doolittle plots, Emini prediction, and Karplus and Schulz pre-37°C for 15min. The absorbance was read at 405nm in an
diction, respectivelyEmini et al., 1985; Karplus and Schulz, ELISA plate reader (Anthos Labtec Instruments, Austria).
1985; Kyte and Doolittle, 19892 The peptides of 12 residues Forthe competition assay, biotinylated S protein (1 nmol) was
from SARS-CoV S protein were synthesized by solid-phasemixed with 10 nmol peptide and incubated af&Awith shaking.
method (CytoMol Corp., Union City, CA, USA). The purity After a 2 h-incubation, the mixture was added to wells, which
(>97%) and composition of peptides were assessed by highvere coated with ACE2, and incubated at&for 1 h. Follow-
pressure liquid chromatography and electrospray mass speitig three washes, peroxidase-conjugated avidin and chromatic
trometry. The peptides were dissolved in water to a final consubstrate were sequentially added. The absorbance was read at

centration of 5Gug/pl and stored at-20°C. 405 nm in an ELISA plate reader. The inhibition was calculated
by [1— (OD value of mixture containing peptide and spike/OD

2.2. Expression and purification of recombinant SARS-CoV value of mixture containing spike only) 100.

S protein

2.5. Immunofluorescence assay (IFA)
The SARS-CoV S gene was cloned into pET-28b(+)

(Novagen, Madison, WI, USA) to create the pET-spike expres- Vero E6 cells (10 cells) were seeded in 24-well plates
sion plasmid o et al., 2003 Recombinant S protein was containing glass coverslips and incubated at@%or 1 day.
expressed itfscherichia coli (E. coli) BL21(DE3)pLysS strain  The coverslips were then rinsed with PBS, fixed with 3.7%
by transforming the pET-spike to produce an N-terminal fusionPBS-buffed formaldehyde at room temperature for 30 min, and
with six histidine residues. The expression and purification oblocked with 1% BSA at 37C for 1h. After four washes
recombinant SARS-CoV S protein were performed as describedith PBS, biotin-labeled S protein was added to each cover-
previously Ho et al., 2004 Protein was analyzed by sodium slip and incubated at 4C overnight. Following four washes
dodecy! sulfate-polyacrylamide gel electrophoresis and quarwith PBS, diluted fluorescence-conjugated streptavidin (Chemi-
tified with a Bradford assay (Bio-Rad, Hercules, CA, USA). con, Temecula, CA, USA) was added and incubated &tC37
Recombinant S protein produced by baculovirus expressiofor 90 min in the dark. The coverslips were then washed four
system was purchased from Protein Science (Meriden, CTimes with PBS, placed onto glass slides, mounted with fluoro-
USA). mount G (Electron Microscopy Sciences, Hatfield, PA, USA),

and observed under a confocal microscope (Leica, Germany).
2.3. Biotinylation of recombinant S protein

2.6. Infection with S-protein-pseudotyped retrovirus

Recombinani. coli-expressed or baculovirus-expressed S

protein was mixed with Sulfo-NHS-LS-biotin (Pierce, Rock- Recombinant retroviruses expressing a luciferase reporter
ford, IL, USA) in a ratio of 1:10. After a 2 h-incubation on ice, gene and pseudotyped with S proteins were produced as
the unincorporated biotin was removed by centricon-10 filtratiordescribed previoushL{ et al., 2005; Sui et al., 20Q5Briefly,
(Millipore, Bedford, MA, USA), and the biotinylated S protein 293T cells were cotransfected with a plasmid pcDNA-spike
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encoding S protein, a plasmid pCMMR8.2 encoding HIV-1  biotin or biotin-labeled BSA did not bind to ACE2 in this assay.
Gag-Pol, and a plasmid pHIV-Luc encoding the firefly luciferaseAdditionally, S protein did not bind to the wells coated with
reporter gene under control of the HIV-1 long terminal repeatthe control protein BSA (data not shown). These results demon-
Forty-eight hours later, viral supernatants were harvested argtrated the specificity of biotinylated ELISA. S protein bound to
stored at-80°C. S-protein-pseudotyped retroviruses were themPACE2 in a dose-dependent manner. The interaction between S
mixed with various amounts of SP-10 and incubated a&tG37 protein and ACE2 displayed a sigmoidal curve between 0.001
with shaking. After a 2 h-incubation, the mixture was addedand 10ug/ml S protein, indicating that S protein bound to
to ACE2-expression Vero E6 cells in a 96-well plate. Forty-ACE2 cooperatively. Moreover, the binding ability of S pro-
eight hours postinfection, cells were harvested and the luciferagein to ACE2 was saturated when the concentration of S protein
activity was assayed as previously describedidng et al., exceeded 1fig/ml, suggesting that one molecule of recombi-
2005. Relative infectivity was presented as comparison withnant S protein probably boundto 1.15 molecules of ACE2. These
the relative luciferase unit (RLU) relative to untreated cells.  results revealed the specificity of biotinylated ELISA in analyz-
ing the receptor-binding ability of S protein. It also suggested
2.7. Statistical analysis that recombinant S protein could serve as a probe to analyze the
interaction between SARS-CoV and cellular receptors.
Data were presented as megastandard error. Studentis
testwas used for comparisons between two experiments. Avalwe2. Small peptides block the binding of S protein to ACE2
of p<0.05 was considered statistically significant.
We designed 14 small peptides derived from S protein to ana-

3. Results lyze their inhibitory effects on the interaction of S protein and
ACE2. Interaction of viral proteins with cellular receptors is

3.1. Recombinant S protein binds to ACE2 in a mostly determined by hydrophobic interaction, surface charge

dose-dependent manner distribution, and geometryDimitrov, 2004. In an attempt to

design the small peptides, we analyzed the hydrophilicity, sur-
In order to investigate the binding ability of S protein to face probability, and chain flexibility of SARS-CoV S protein
ACE2, we expressed and purified the SARS-CoV S protein fronaccording to Kyte and Doolittle plots, Emini prediction, and
E. coli. The 138-kDa recombinant S protein was expressed itkarplus and Schulz prediction, respectivelinfini et al., 1985;
soluble form, and the amount of recombinant S protein recovKarplus and Schulz, 1985; Kyte and Doolittle, 1982ased on
ered was approximately 0.2—0.3 mg/100 ml of bacterial culturghese criteria, we designed 14 synthetic peptides of 12 residues
(Ho et al., 200% Biotinylated ELISA and Western blot show (Table ). The hydrophilic index of 14 small peptides ranged
the S protein can bind to Vero E6 cell lysatéo(et al., 2004  from 1.3344t0-0.3012, with an average of 0.042. We employed
Since ACE2 is the functional receptor for SARS-Cd¥é¢tal., the Chou—-Fasman method which suggested that SP-3 and SP-14
2003, we designed an ELISA assay with ACE2 instead of Veroform ana-helical structure while SP-4, SP-8, and SP-10 form a
E6 cell lysate coated onto the plate. The biotinylated S proteifs-sheet Chou and Fasman, 19)/8
was added to the ELISA plate coated with ACE2 and the inter- To evaluate the inhibitory effects of the 14 small peptides
action was measured using peroxidase-conjugated avidin areh the interaction between S protein and ACE2, we mixed
peroxidase substrate. 10nmol of each peptide with 1nmol of biotin-labeled S
The ACE2 was coated on ELISA plates and challenged wittprotein, incubated the mixture at 3C for 2h, and added to
biotin-labeled S protein. The binding ability of S protein to ACE2-coated wells. As shown iffig. 2, pre-incubation of
ACE2 was evaluated by the OD value. As showifig. 1, free  biotinylated S protein with BSA slightly inhibited the binding
of S protein to ACE2, with the inhibitory percentage of 7%. Pre-

0.7 incubation of biotinylated S protein with the peptide (endoG,

06 d d § EGWRRRREDARAAL) derived from human endonuclease G
£ o5 —e—Biotin-labeled spike inhibited the binding of S protein to ACE2, with the inhibitory
- 04 —O—Biotin-labeled BSA percentage of 30%. However, SP-4, SP-8, SP-10, SP-11, and
s 0'3 —&—Biotin SP-12 significantly blocked the binding of S protein to ACE2,
8 0'2 exhibiting 50-90% inhibition at 10nmol. Therefore, these
0'1 results suggested that SP-4, SP-8, SP-10, SP-11, and SP-12
o , —a— : 2 were potential inhibitors of the interaction between S protein and
0 10 20 30 40 ACE2.

Concentration (pg/ml)
3.3. A novel putative receptor-binding region of S protein is

Flg 1. Analysis of SARS-CoV S protein and ACE2 interaction by biotinylated ldennﬁed by a peptide-scanning method
ELISA. The wells were coated with 1 ng of ACE2 and challenged with various

amounts of biotin-labeled S protei®], biotin-labeled BSA () or biotin (a). .
Following three washes, peroxidase-conjugated avidin and chromatic substrate SP-4, SP-8, and SP-10 blocked the ACE2 and S protein inter-

were sequentially added. The absorbance was read at 405 nm in an ELISA pla&€tion in a dose-dependent mannkig( 3. The G values
reader. Values are mearstandard error of four independent assays. of SP-4, SP-8, and SP-10 were 42.18, 6.99:0.71, and
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Table 1

Sequences and properties of synthetic peptides used in this study

Peptidé Amino acid sequence Molecular weight (Da) Average of hydrophilic index per résidue Predicted secondary structfire
SP-1(23-34) DDVQAPNYTQHT 1388.53 1.2319 -
SP-2 (34-45) TSSMRGVYYPDE 1404.62 0.7761 -
SP-3 (84-95) KDGIYFAATEKS 1329.67 0.0608 a-Helix
SP-4 (192-203) GFLYVYKGYQPI 1447.86 0.2798 B-Sheet
SP-5 (292-303) SFEIDKGIYQTS 1387.69 0.6203 -
SP-6 (426-437) RNIDATSTGNYN 1325.43 1.2273 -
SP-7 (444-455) RHGKLRPFERDI 1524 1.3344 -
SP-8 (483-494) FYTTTGIGYQPY 1410.68 0.4155 B-Sheet
SP-9 (581-592) VSVITPGTNASS 1132.26 —0.3012 -
SP-10 (668-679) STSQKSIVAYTM 1315.6 —0.0427 B-Sheet
SP-11 (740-751) SFCTQLNRALSG 1296.62 —0.1002 -
SP-12 (1027-1038) CGKGYHLMSFPQ 1367.86 0.1773

SP-13 (1066-1078) HEGKAYFPREGV 1389.75 0.3499

SP-14 (1125-1136) PELDSFKEELDK 1449.81 1.2488 a-Helix

@ Numbers in the brackets are the beginning and end residues for each peptide corresponding to S protein.
b The hydrophilic index is calculated according to Kyte and Doolittle plots.
¢ The secondary structure of peptide is calculated according to Chou—Fasman prediction.

1.88+ 0.52 nmol, respectively. SP-11 and SP-12 were excluded.4. SP-10 blocks both the binding of S protein and the

because they bound not only S protein but also BSA (data natifectivity of S-protein-pseudotyped retrovirus to Vero E6

shown). To further identify the biologically active peptides, thecells

peptide-scanning method that involved synthesizing overlap-

ping peptides of 12 residues covering additional amino acids The inhibitory potential of SP-10 on the SARS-CoV S pro-

on both the amino and carboxy ends of SP-10 was used. Thein and Vero E6 cell interaction was further analyzed by IFA

inhibitory potential of small overlapping peptides on the SARS-and S-protein-pseudotyped retrovirus infectivity. Vero E6 cells

CoV S protein and ACE2 interaction was analyzed by competiwere treated with BSA, biotin-labeled S protein or SP-10/biotin-

tive biotinylated ELISA. SP-10-2 (residues 660—671), SP-10-3abeled S protein mixture, and stained with fluorescence-

(residues 664—-675), SP-10-4 (residues 672—683) had inhibitogonjugated streptavidin. BSA-treated cells showed negative

activities, with the 1Gg values of 6.2142.13, 5.4A-0.41, result, whereas the biotinylated S protein-treated Vero E6 cells

and 2.07 1.01 nmol, respectivelyTa@ble 3. However, SP-10- showed the strong fluorescenéég. 4A). Treatment of Vlero E6

1 (residues 648-659) and SP-10-5 (residues 676—687) did notlls with SP-10/biotin-labeled S protein mixture diminished

block the ACE2 and S protein interaction. These findings sugthe cell-associated fluorescence in a dose-dependent manner.

gested that the region spanning residues 660—683 of SARS-CdBkecause the S protein expressediroli is not glycosylated,

S protein may interact with ACE2. we further analyzed the inhibitory potential of SP-10 using gly-
cosylated S protein purified from baculovirus. Similar results

were obtained by using the recombinant S protein produced by
100 w*

baculovirus expression systeFig. 4B). These results indicated
80 b o E[ that SP-10 was capable of blocking the binding of S protein to
q { A - Vero cells.
c 6o}
=]
=
=]
T 4or Table 2
= The IGso values of overlapping peptides covering additional amino acids on both
20 |{" ’% &l the amino and carboxy ends of SP-10
0 &I . |.II_| Al % HINENINIINERANAR IEI Peptidé Amino acid sequence K5 (nmol)°
L Q v 9w o r oo - d 23
2 .§ g dadddddd s 7o 5 SP-10-1 (648-659) CDIPIGAGICAS >20
] w o 0 6o SP-10-2 (660-671) YHTVSLLRSTSQ 6.212.13
. L . . SP-10-3 (664—675 SLLRSTSQKSIV 5.47/0.41
Fig. 2. Inhibitory effects of peptides on the SARS-CoV S protein and ACEZSP-lO (6558—679) ) STSQKSI\(/?AYTM 1.880.52
interaction by competitive biotinylated ELISA. Biotin-labeled S protein (1 nmol) SP-10-4 (672-683) KSIVAYTMSLGA 2 Oi 1'01
was mixed with 10 nmol of synthetic peptides or BSA and incubated &C37 SP-10-5 (676-687) AYTMSLGADSSI >'20 '

with shaking. After a 2-h incubation, the mixtures were added to wells, which
were coated with 1 ng of ACE2 and incubated at@7or 1 h. Following three a8 Numbers in the brackets are the beginning and end residues for each peptide
washes, peroxidase-conjugated avidin and chromatic substrate were sequentialtyrresponding to S protein.

added. The absorbance was read at 405 nm in an ELISA plate reader. The results The 1G5 value of each peptide was determined as the quantity of peptide
are expressed as inhibition described in SecBiovialues are meatt standard required to inhibit the interaction between S protein and ACE2 at 50%. Values
error of six independent assaysp <0.01, compared with BSA. are meant standard error of four independent assays.
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100 6pid (residues 660-683) exhibited the inhibitory potentials. Addi-
3 eof tional mapping showed that SP-10-2 (residues 660-671), SP-
= 10-3 (residues 664—-675), and SP-10-4 (residues 672-683) had
0 el | inhibitory activities. The receptor-binding regions of SARS-
E 40 CoV S protein have been defined in several reports. For exam-
£ 2} I_h ’—I_| ples Xiao et al. (2003)dentified that the receptor-binding site of
olLrE , i ; ; ; : S protein is localized between amino acid residues 203 and 537.
0 0.5 1 25 5 10 20 Wong et al. (2004indicated that the 193-amino acid fragment of
(A) Concentration (nmol) S protein (residues 318-510) b_inds ACE2 efficieriighbcock _
et al. (2004)suggested that amino acids 270-510 of S protein
100 are required for interaction with receptor. By analyzing a series
ol SP-8 of peptides derived from S protein, we identified that peptides
2 spanning residues 192-203, 483-494, and 660—683 of S protein
S 60 efficiently blocked the binding of S protein to ACE2. Therefore,
_‘S a0k our findings refined and extended the possible domains involved
= in receptor interaction.
- o2f I'L\ I—I—‘ |+‘ Virus entry process is an attractive drug target for blocking
0 -l- o g L L L : ) infection. Virus envelope protein initially binds to cell surface
0 0.5 1 2.5 5 10 20 receptor, leading to its global conformational changes. Subse-
(B) Concentration (nmol) quently, the fusion peptide is exposed to insert into the target
cell membrane, resulting in fusion between the cell membrane
100 - and viral envelope, which allow the virus genome to enter the
SP-10 1 target cells (iu et al., 2004. Based on this process, fusion-
o W El inhibitory peptides have been successfully developed, or under
= o5 L advance clinical trial for various viruses, such as T-20 for HIV-1,
= C-peptides (P-400 and™400) for human T-cell leukemia virus,
2 ao0f and D4EL1 for feline immunodeficiency virusi(by et al., 1998;
£ - ’—]—‘ Ma et al., 2002; Pinon et al., 20p3Recently, this strategy of
utilizing peptides that block membrane fusion has been applied
olcb. : : - : : | in SARS-CoV. For examples, HR2-peptide of S protein has been
0 0.5 1 2.5 5 10 20

showntointerfere with S protein conformational changes, result-
(C) Concentration (nmol) ing in inhibition of SARS-CoV fusion with target cell&il et
Fig. 3. Inhibitory effects of SP-4, SP-8, and SP-10 on the SARS-CoV S proteir?‘l" 2,004; Ni ,et al., 2005; Zhu e,t al., 2004; Ylflan etal, 3004
and ACE2 interaction by competitive biotinylated ELISA. Biotin-labeled S pro- P€ptides derived from HR1 region of S protein have also been
tein (1 nmol) was mixed with various amounts of SP-4 (A), SP-8 (B) or SP-10identified as potential inhibitors for virus entrifi(et al., 2005;
(C), and incubated at 3T with shaking. After a 2-h incubation, the mixtures Yuan et al., 2004 In this study, we designed small peptides
‘é"?rec ";‘:rdleﬂ tgc‘)’lvlg\','vsi'n""?ri‘fgewvszhcé’s"’“egr‘g’)i(‘ig ;S’;gc‘;fnﬁcEtzéda;‘\%?nciaztiﬁraﬂerived from S protein to evaluate their inhibitions of S protein
matic substrate were gsr:zquentiallly ad,dF:ed. The absorbjagce was read at 4050%90“”9 to ACE2 and Vero E6 C?HS' Thl_s approach of utlllzmg.
in an ELISA plate reader. The results are expressed as inhibition described ROMPOUNdS that block receptor interaction has proven useful in
Section2. Values are meatt standard error of six independent assays. other viral systems, including HIV-1 and hepatitis C virus, where
compounds designed to inhibit viral entry through blockade of
In addition to IFA, Vero E6 cells transfected with the theviralreceptorsare finding success invitro andin clinical trials
plasmid encoding human ACE2 were infected with vector-(DeClercq, 2001; van Compernolle et al., 2D@ecause RNA
pseudotyped retrovirus, S-protein-pseudotyped retrovirus, oriruses are capable of being randomly and selectively altered due
SP-10/S-protein-pseudotyped retrovirus mixture. The luciferast high replication numbers and the infidelity of the viral RNA
activity was assayed 48 h postinfection. SP-10 inhibited the Spolymerase, it is possible that virus would adapt resistance to
protein-pseudotyped retrovirus infectivity in a dose-dependeninhibitors. HoweverChakraborti et al. (2005howed that most
manner Fig. 5. These results indicated that SP-10 was a novebf the natural or artificial mutations on S protein did not affect
anti-SARS-CoV peptide that was able to block the SARS-CoMhe binding of S protein to ACE2. These findings suggested that

S protein binding to Vero E6 cells. the viruses could easily mutate and escape antibodies that do not
exhibit the same energy profile of binding to S as ACE2. There-
4. Discussion fore, our finding suggested that SP-10 was a potent inhibitor for

the inhibition of S protein binding to Veero E6 cells, the first step

In this study, we analyzed peptide mimics of the S pro-in viral infection.
tein to block its interaction with Vero E6 cells by biotinylated  Inconclusion, thisisthe firstreport of small peptides designed
ELISA, IFA, and S-protein-pseudotyped retrovirus infectivity. to disrupt the interaction of SARS-CoV S protein and ACE2.
SP-4 (residues 192—-203), SP-8 (residues 483—-494), and SP-B§ analyzing a series of peptides derived from S protein, we
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(A) Recombinant S protein produced by E. coli

Spike - + + + +
SP-10 (nmol) - - 0.5 25

(B) Recombinant S protein produced by baculovirus

Spike - + + + +

SP-10 (nmol) - - 0.5 2.5 5

Fig. 4. Inhibitory effect of SP-10 on the SARS-CoV S protein and Vero E6 cell interaction by IFA. Vero E6 cells were cultured on glass coverslipbatad incu
with 20 g/ml BSA, 20.g/ml biotin-labeled S protein, 0.5 nmol SP-10426/ml biotin-labeled S protein mixture, 2.5 nmol SP-10/20ml biotin-labeled S protein
mixture, or 5 nmol SP-10/20g/ml biotin-labeled S protein mixture. Recombinant S protein was purified Earwli (A) or baculovirus (B). After a 16 h-incubation

at 4°C, cells were stained with fluorescence-conjugated streptavidin and evaluated under a confocal microscope. Magnifisation, 400
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