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Abstract

Severe acute respiratory syndrome (SARS), a life-threatening disease, is caused by the newly identified virus SARS coronavirus (SARS-
CoV). In order to study the spike (S) protein of this highly contagious virus, we established a clonal cell-line, CHO-SG, from the Chinese
hamster ovary cells that stably expresses C-terminally EGFP-tagged SARS-CoV S protein (S-EGFP). The ectodomain of the S glycoprotein
is localized on the surface of CHO-SG cells wiNkacetyl-glucosamine-terminated carbohydrate structure. CHO-SG cells associated tightly
with Vero E6 cells, a SARS-CoV receptor (ACE2) expressing cell-line, and the interaction remained stable under highly stringent condition
(1 M NaCl). This interaction could be blocked by either the serum from a SARS convalescent patient or a goat anti-ACE2 antibody, indicating
that the interaction is specific. A binding epitope with lesser degree of glycosylation and native conformation was localized by using rabbit
anti-sera raised against five denatured recombinant S protein fragments expreSseldeirichia coli One of the sera obtained from the
fragment encompassing amino acids 48-358 significantly blocked the interaction between CHO-SG and Vero E6 cells. The region is useful for
studying neutralizing antibodies in future vaccine development. This paper describes an easy and safe cell-based assay suitable for studying
the binding between SARS-CoV S protein and its receptor.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction in humans and animals. The complete genome of SARS-
CoV has been sequenced from different isolatdar(a et
Severe acute respiratory syndrome (SARS), a deadly dis-al., 2003; Ruan et al., 209and it has a coronavirus genome
ease, is caused by a human coronavirus named SARS coroerganization with some unique features but is still distantly
navirus (SARS-CoV). This highly infectious virus killed related to group 2 coronaviruseSn(jjder et al., 2008 The
774 patients out of 8098 probable SARS cases from genomeis nearly 30 kb inlength and encodes 14 open reading
November 2002 to July 2003 in 26 countriedsngappa et frames (ORFs)Nlarra et al., 2003; Ruan et al., 2008clud-
al., http://www.cdc.gov/ncidod/EID/vol10n02/03-1032.htm  ing those known coronavirus proteins, such as replicase la
and had a highly disruptive impact on people’s lives as well and 1b and four structural proteins, spike (S), envelope (E),
as the economy. SARS-CoV belongs to the genus of Coro- membrane (M) and nucleocapsid (N). The rest of the ORFs
navirus in the family of Coronaviridae, a family of positive are novel and may encode for proteins with unknown func-
sense RNA viruses with large envelopes that propagate in thetions. At least two of these proteins have been shown to be
cytoplasm of host cells and usually cause respiratory diseaseexpressed during SARS-CoV infectioraf et al., 2004Yu
etal., 2004, Fielding et al., 20D4Antibodies against 3a, also
* Corresponding author. Tel.: +65 6586 9623; fax: +65 6779 1117.  termedas U274, were found inthe sera of SARS patidats (
E-mail addressmcbccf@imcb.a-star.edu.sg (C.-F. Chou). et al., 2004aYu et al., 2004.

0166-0934/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.jviromet.2004.09.008
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Aiming to control the SARS epidemic, we first focused 2. Materials and methods
our studies on the S protein for the purpose of diagnosis,
and also studied the interaction between S protein and its2.1. Cell culture, plasmid construction and transfection
receptor for vaccine development. The S protein, a type |
transmembrane glycoprotein, locates mainly on the outeren-  Cell-lines CHO-K1 and Vero E6 were purchased from
velope surface of SARS-CoV. Its precursor is predicted to American Type Cell Collection (Manassas, VA, USA) and
be 1255 amino acids in length. Residues 1-13 comprise thecultured at 37C in 5% CQ in DMEM containing 1 gt
putative signal peptide and the ectodomain is from residuesglucose, 0.1 mg mit streptomycin and 100 U penicillin and
14 to 1195 Marra et al., 2008 A highly hydrophobic re- 10% FBS (HyClone, Utah, USA). To maintain constitu-
gion from residues 1196 to 1226 is predicted to be the trans-tive high level S-EGFP expression in CHO-SG, the culture
membrane domain and the rest (residues 1227—-1255) are lomedium was supplemented with 10M ZnSO, (Tan and
cated in the cytoplasm. The S protein of coronavirus plays Hong, 1999. SARS-CoV strain SIN277/Ruan etal., 2003
an important role in the initiation of the viral infection by an isolate from a SARS patient in Singapore was used in this
mediating the attachment of the virus to the cell surface re- study. The cDNA for the cloning of S gene has been previ-
ceptors that subsequently induces membrane fusion betweemusly publishedTan et al., 2004a The vector pEGFP-N1
the virus and the host. In some coronaviruses, the S pro-as a control for the expression of EGFP was purchased from
tein (group Il mouse hepatitis virus [MHV] and group Il  Clontech (Palo Alto, CA, USA).
infectious bronchitis virus) is cleaved to generate two dis-  Primers for constructing S-EGFP from SARS-CoV strain
tinct functional subunits, S1 and S2, by virus-encoded or 2774 (21476—25240) are SARSFE-BCCTCGAGGCCAC-
host-encoded proteasedigbuhr et al., 2000 S1 is the N- CATGTTTATTTTCTTATTATTTCTTACTC-3) and SAR-
terminal fragment responsible for the attachment to the tar- SR (8-GCCCCGGGATGTGTAATGTAATTTGACACCC-
get cells; whereas, S2 is required for the fusi@alagher 3), the S gene without the stop codon was PCR amplified and
and Buchmeier, 2001The S2 domain of SARS-CoV S pro- inserted into the Xhol/Xmal sites of pEGFP-N1 for making
tein can be easily identified by sequence alignment with the fusion gene. The plasmid pEGFP-N1-S-EGFP was fur-
other coronavirus proteins but the S1 domain is not well ther digested with Xhol and Notl and then inserted into the
conserved $piga et al., 2003 Although, currently there  Xhol/Notl sites of pMMTC vector Tan and Hong, 1999
is no evidence to show that there are cleaved S1 and SZThe PCR cycles comprised a denaturation step aCofor
subunits in SARS-CoV-infected cells, the S1 equivalent do- 2 min, 30 cycles of 98C for 30 s, 55C for 1 min, 72°C for
main has been cloned and demonstrated to bind the SARS-4 min followed by a final elongation step at 72 for 5 min.
CoV receptor, ACE2, of host celld.i(et al., 2003. Fur- The S-EGFP construct was confirmed by DNA sequencing.
thermore, the binding domain of the S protein has been nar-  Around 80% confluent CHO cells were transfected with
rowed down to the N-terminal amino acid residues 270-510 S-EGFP and pEGFP-N1 using DMRIE-C (Gibco/BRL,
(Babcock et al., 2004 303-537 Kiao et al., 2003 and Gaithesburg, MD, USABrenner et al., 2002according to
318-510 YWong et al., 2004 In addition to its function in manufacturer’s protocol. In generalpg mi~* DNA con-
viral entry, the S protein was found to be the major target struct was mixed with 1fgml~* DMRIE-C in OptiMEM
of the host immune response against coronavirus as it in-(Gibco/BRL). To obtain stable transfectants, CHO-SG (S-
duced neutralizing antibodyféguchi et al., 1995; Kubo et EGFP transfected) and CHO-G (pEGFP-N1 transfected)
al., 1993. cells were trypsinized 24 h after transfection and then se-

Chinese hamster ovary (CHO) cells are useful hosts to lected with 1 mgmt! G418 (Gibco/BRL). The expression
express mammalian genes and the system has been studsf EGFP or S-EGFP in transfected cells was detected by us-
ied extensively to produce recombinant therapeutic glyco- ing a Leica DMIL-inverted fluorescence microscope fitted
proteins. CHO cells provide the advantages not only becausewith FITC filter.
they can be easily maintained and genetically manipulated,
but also because they produce proteins with glycans similar2.2. Western blot analysis and WGA affinity
to those native glycoproteins found in humans. In order to chromatography
avoid the high risks involved in handling live SARS-CoV
and to understand the S protein of this virus, we established CHO-SG cells were lysed with lysis buffer (1% NP40 in
a CHO clone that expressed a significant amount of the re-PBS, containing fug ml~* apotinin [Sigma, St. Louis, MO,
combinant S proteins on the cell surface and demonstratedUSA], 1 mM PMSF [Sigma] on ice for 1h), and the lysate
that it can be used to study the properties of the SARS-CoV was then separated on 8% SDS PAGE and transferred to
S protein. The selection of a high yield clone was facili- nitrocellulose Hybond C membrane (Amersham-Pharmacia
tated by tagging the S protein with EGFP at the C-terminus Biotech, Uppsala, Sweden). Prestained molecular markers
(S-EGFP). The green fluorescence was conveniently usedwere purchased from Bio-Rad (Hercules, CA, USA). The
to monitor the expression of the protein in living cells and membranes were blocked with 5% non-fat milk in PBST
for observing the cell-based binding assay presented in this(PBS containing 0.2% Tween-20). Antibodies against ei-
paper. ther GFP (monoclonal, Clontech) or S (polyclonal antibod-
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ies from rabbit;Keng et al. (submitted for publicatiomnd over the Vero E6 cell layer for two hours. Cells were washed
horse;Shen et al. (submitted for publicatignyere used as  once with PBS and then three times with 500 mM NacCl.
primary antibody; horseradish peroxidase (HRP)-conjugated Five rabbit anti-S sera were obtained from the immunizations
sheep anti-mouse (Amersham-Pharmacia Biotech), goat anti-with recombinant S fragmentsAd (a.a. residues 48—358),
rabbit (Pierce, Rockford, USA) or goat anti-horse (Bethyl, SA2(362-790), 33(168-461), 39 (798-1055) and 510
TX, USA) were used as secondary antibodies and detection(1029-1192), expressed Iascherichia coli(Keng et al.,
was performed with a chemiluminescence kit (Pierce). submitted for publicationand then SDS PAGE separated
S-EGFP was partially purified by using an agarose bound antigens were purified from gel slices. One mg each of the
WGA (wheat germ agglutinin; Vector Laboratories, CA, purified fragments were mixed with equal volume of com-
USA) column at £#C. CHO-SG cell lysate was first loaded plete Freud's adjuvant (Sigma) and used to immunize New
onto WGA column pre-washed with PBS, then the column Zealand white rabbits. All anti-sera used were undiluted in-
was washed again with PBS and subsequently three columrcluding normal human serum and the controls of pre-immune
volumes of 0.5 MN-acetylp-glucosamine (GIcNAc; Sigma)  rabbit sera. Results of the cell-based binding assay were de-
in PBS was used to elute the glycoproteins. S-EGFP wastected by using a Leica DMIL-inverted fluorescence micro-
identified by Western blot analysis using rabbit anti-S anti- scope fitted with FITC filter. In order to confirm the blocking

body. effect by rabbit anti-S sera, cell lyastes (Vero E6 and CHO-
SG binding cells) were analyzed by Western blot using rabbit
2.3. Immunofluorescence analysis anti-S antibody.

Non-permeable immunofluorescence staining was used to
identify cell surface expression of S-EGFP. CHO-SG cells 3. Results
were dislodged with 0.04% EDTA in PBS, and fixed af-
ter incubating with primary (patient’s serum sample P6 in 3.1. The construction and expression of S-EGFP
Tan et al., 2004aand secondary (Rhodamine-conjugated
anti-human IgG [Sigma]) antibody reactions (both antibod-  In order to clone the S portion of S-EGFP, we used the
ies were diluted at 1:20 in growth medium and incubated viral strain (SIN2774, accession number AY2837Ryén
on ice for 1h), and then loaded onto black Teflon memzel et al., 2003 isolated from a SARS patient in Singapore as
slides (Merck, Darmstadt, Germany) and fixed with 4% template for PCR amplification. The primers for amplify-
paraformaldehyde. The samples were viewed with a Zeissing the full-length S gene without the stop codon were de-
microscope (Carl Zeiss Vision GmbH, Hallbergmoss, Ger- signed according to SIN2774 sequence (nucleotides 21476

many). to 25240); the amplified PCR fragment was fused with the
EGFP geneFKig. 1A) in pEGFP-N1. An extra octapeptide
2.4. CHO-SG and Vero E6 cell binding assay (TRDPPVAT) from the EGFP vector was generated at the

junction, which should have limited effect on the transporta-
For all the cell-based binding assays presented in thistion and expression of the fusion protein. For the expression
paper, Vero E6 cells were grown to a confluent layer and of S-EGFP in CHO cells, the fusion construct was then cloned
the CHO-SG and CHO-G cells dislodged by 0.04% EDTA into pMMTC (Tan and Hong, 1999The transmembrane and
were used as ligands. CHO-SG and CHO-G cells were re-cytoplasmic domains of the S protein were retained in the con-
suspended in growth medium and a similar amount of cells struct for proper anchoring and orientation of the ectodomain
were laid over the Vero E6 cell layer at@ for 2 h. After the on the surface of CHO cells as well as the intracellular lo-
incubation, the cells were washed once with PBS and thencalization of EGFP. The expression of S-EGFP was detected
three times with PBS containing NaCl of 100 mM, 200 mM, by using fluorescence microscope. A stable clone, CHO-SG
300 mM, 400 mM, 500 mM or 1 M. (Fig. 1B), expressing a relatively high level of S-EGFP at the
To determine whether ACE2 mediates CHO-SG and Vero cytoplasmic membrane was selected for the study described
E6 interaction, the Vero E6 cell layer was pre-treated with below.
10pgmi~t (Li et al., 2003 of goat anti-ACE2 antibody
(R&D Systems, MN, USA) in growth medium at°€ for 3.2. Western blot analysis and WGA chromatography
1 h. Then the antibody containing medium was removed, fol-

lowed by incubation with CHO-SG cells for two more hours. Next, we used Western blot analysis to confirm the correct
Cells were washed once with PBS and three times with PBS expression. S-EGFP inthe cell lysate of CHO-%(g(2) was
containing 500 mM NacCl. identified by a mouse anti-GFP monoclonal antibody (lane

To test whether the anti-sera from SARS patients or raised A), and two sera from rabbit (lane B) and horse (lane C)
against S protein fragments can block the binding betweenraised against the S protein. All the three antibodies recog-
CHO-SG and Vero EB6, dislodged CHO-SG cells were pre- nized a common band e$220 kDa. The predicted molecu-
incubated with the anti-serum to be tested aC4for 1 h. lar weight (MW) of SARS-CoV S protein is’180-200 kDa
Then the cells were washed with growth medium and laid (Xiao et al., 2003 therefore, the MW of S-EGFP is approx-
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Fig. 1. The construction and expression of S-EGFP. (A) The construct of C-terminal EGFP tagged SARS-CoV S fusion gene (S-EGFP) in the multiple cloning
site (MCS) of pMMTC {fan and Hong, 1999 The expressions were driven by the promoter (MTI) of mouse metallothionein 1 and an enhancer (MSV)
from moloney murine sarcoma virus, and the Neo gene was responsible for the selection of G418 resistant cells. (B) The regular culture of CHO-SG, EGFF
fluorescence of S-EGFP is localized along the plasma membrane shown as fluorescenced curves.

imately 207—-227 kDa with additional 27 kDa from the EGFP analysis showed that S-EGFP was present mainly in the frac-

tag Fig. 2). These results concur with the observations from tion of plasma membrane (data not shown).

another groupXiao et al., 2003that the recombinant S pro- The lectin wheat germ agglutinin (WGA) is known for

teinwas intact in the host cells. Additionally, subcellular frac- its ability to bind the terminaN-acetyl-glucosamine (Glc-

tionation Chou and Omary, 1994ogether with Westernblot ~ NAc) of glycoproteins. In order to determine the carbohydrate
characteristics of the glycoprotein S-EGFP, the cell lysate
of CHO-SG was passed through a WGA-agarose column.

8 B © o _E _F kDa Western blot analysis using rabbit anti-S serum was used

o to monitor the WGA agarose chromatographig. 2 shows
p=-- = . -l that nearly all S-EGFP was retained on the column (lane F);
whereas, it was absent in the flow-through sample (lane E).
-—118 This result indicates that nearly all S-EGFP molecules are

glycosylated with GIcNAc(s) at the end of the oligosaccha-
ride side chains.
= 83

3.3. Immunofluorescence analysis using patient’'s serum

Although Fig. 1B shows that the S-EGFP is localized to
the plasma membrane, the result did not provide information
about its orientation. Since the ectodomain of the S protein
Fig. 2. Western blot analysis to detect S-EGFP from CHO-SG cell lysate and \y g5 expected to be outside the cell, non-permeable IFA was
samples prepared by using WGA affinity chromatography. Protein samples applied to confirm the orientation of the fusion protein. A
were resolved by 8% SDS PAGE and then transferred to a nitrocellulose ’
membrane. Lanes A—C are the identification of S-EGFP in CHO-SG cell S€UM sample (P6) from a convalescent SARS patint ¢t
lysate. The same membrane was probed with three antibodies separatelydl., 2004was used as the primary antibody to stain the CHO-
Lane A, mouse monoclonal anti-GFP antibody; lane B, rabbit anti-S serum; SG cells followed by staining with a Rhodamine-conjugated
and lane C, horse anti-S serum. S-EGFP isindicated by the arrowhead. Lanegnti-human IgGFig. 3). The normal human serum was used
D-Fare the resuilts of WGA chromatography. Lane D, CHO-SG celllysate; ¢ o hegative control. The result indicates that the S portion

lane E, the flow-through from the WGA column; and lane F, sample eluted
from the WGA column. Rabbit anti-S antibody was used for lanes D—F. of S-EGFP was exposed extracellularly of the CHO-SG cells.

-4
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EGFP

Non Permeable IFA before incubating with Vero E6 cell layers. After the incu-
\ bation, the cells were washed once with PBS and 3 times
‘; i with 500 mM NacCl. The anti-81 serum demonstrated the
blocking effect Fig. 5B and C) indicating that some blocking
epitopes are present imd3.
4. Discussion
CHO-SG that constitutively expresses a significant
amount of S-EGFP provides a convenient tool to study the
Patient's Serum Normal Serum recombinant SARS-CoV S protein. Our results showed that
_ _ , the ectodomain of the S protein on the surface of CHO cells
Elg. 3. CHO-SG expresses.S-EGFP at cell surface with expected onenta-r,nin,]iCS the interaction between the virus and Vero E6 cells
tion. Non-permeable IFA using the serum (P6Tam et al., 2004gfrom a !
recovered SARS patient showed cell surface staining of S-EGFP expressingpresumably through the cellular receptor ACE2. The cell-
CHO-SG cells. The control is normal human serum. The green fluorescencebased binding assay introduced in this paper should facilitate
seen in the upper panels was from the EGFP tag and the red fluorescencéhe screening for drugs, peptides or vaccines that block the
observed in the lower panels was from rhodamine labeled secondary anti—entry of SARS-CoV, minimizing the use of the highly infec-
body. tious live virus. The clonal cell-line CHO-SG may be used
for large-scale production to supply S-EGFP as a diagnostic
3.4. Cell-based binding assay marker, and its affinity to WGA is a favorable property to
assist the purification of S-EGFP. Although, the expression
Since ACE2 on the surface of \@@E 6 cells isresponsible  of S-EGFP on CHO-SG was significant, self-fusion of CHO-
for the binding of and the fusion with SARS-CoVi(et al., SG cells has not been observed in culture, which may be due
2003, we tested the binding activity between CHO-SG and to the absence or a low level of ACE2 on CHO (ovary) cells
Vero E6 cells as well as the binding strength between the lig- (Donoghue et al., 2000The expressions of recombinant S
and (SARS-CoV S protein on CHO surface) and the receptor protein in full-length or fragments had been demonstrated
(ACE2 on Vero E6). For the control in the cell-based binding previously (i et al., 2003; Xiao et al., 2003; Wong et al.,
assay, a stable EGFP-expressing CHO clone (CHO-G) was2004) by using human kidney cell-lines 293 or 293T. We
generated by introducing the plasmid pEGFPNL1 into CHO also tried two human cell-lines, 293T and Jurkat, to express
cells. Both CHO-G and CHO-SG were tested for binding to S-EGFP but stable clones were not established due to the un-
Vero E6 cell layers and the results are showRiim 4A. The detectable green fluorescence from G418 resistant colonies.
CHO-G cells resisted the PBS wash but were detached by The SARS convalescent patient’s sera (P6 and Pi&in
the solutions containing supplemented NacCl. In contrast, theet al., 2004ablocked the interaction between CHO-SG cells
binding between CHO-SG and Vero E6 could resist up to 1M and Vero E6, confirming the authenticity of this assay. Serum
NaCl. We sought to investigate the binding specificity of this sample P6 does efficiently identify the extracellular expres-
interaction by testing whether the serum from a recovered sion of the S ectodomain on the cell surface of CHO-SG
SARS patient (P8 ifTan et al., 2004eand a goat anti-ACE2 by non-permeable IFARig. 3), but with lower potency to
antibody could block the interaction. To test the blocking ef- block the binding (data not shown Kig. 4B). Epitopes of
fect, either CHO-SG cells were pre-treated with human sera SARS-CoV S protein responsible for the binding to ACE2
before incubated with Vero E6 cell layers, or Vero E6 cells was first demonstrated to be in the S1 regitn €t al.,
were pre-treated with anti-ACE2 antibody before interact- 2003 and then narrowed down to the amino acid residues
ing with CHO-SG. All panels irFig. 4B were washed with ~ 270-510 Babcock et al., 2004 303-537 Xiao et al., 2003
500 mM NacCl, the controls for the patient's serum was nor- and 318-510\/ong et al., 200% The binding and fusion
mal human serum, and for anti-ACE2 was PBS. The results interactions were performed by using expressed soluble S
showed that both the patient’s serum and the anti-ACE2 an-fragments and the cellular receptor. We used the cell-based
tibody could block the binding, suggesting that this binding binding assay to test the blocking effect for five rabbit anti-S
is specifically mediated by the S protein and ACE2. sera raised against five recombinant S fragments and three
Although, the receptor for SARS-CoV has been found, it of these fragments, /&1, SA2 and $\3 (Fig. 5A) covered
is stillimportant to localize the epitopes that induce neutraliz- the a.a. residues from 48 to 790, which overlapped with the
ing antibody against the virus, particularly for the purposes of predicted S1 domairL{et al., 2003 or the S-ACE2 binding
vaccine development. We attempted to localize the epitopesregion. However, we were only able to identify a significant
by expressing 5 recombinant S fragmeiiig)( 5A) in E. coli blocking effect Fig. 5B and C) from anti-A1 (a.a. 48-358)
and then immunizing rabbits with the purified fragments. To rabbit serum. In order to rule out non-specific effects from
determine which anti-serum may block the binding, CHO- undiluted serum, pre-immune rabbit sera were used as the
SG cells were pre-treated with the 5 rabbit sera individually controls for the binding assay and no blocking effect was ob-

Rhodamine
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Fig. 4. CHO-SG and Vero E6 binding assay. In all panels, Vero E6 cells were first cultured to a confluent layer. (A) EDTA dislodged CHO-G (upper panels)
and CHO-SG (lower panels) were incubated with the Veero E6 cell layers in the cold room for 2 h. Cells were washed once with PBS and followed by three
washes with PBS containing different amounts of NaCl as indicated at the bottom of the figure. (B) The photos shown in the upper panels were taken unde
tungsten lamp and these in the lower panels were taken under green fluorescence. CHO-SG cells were pre-treated with either human normal serum (a)
SARS recovered patient’'s serum (P8Tem et al., 2004a(b) before being added to the Vero E6 cell layer. The cells were washed with 500 mM NaCl after the
incubation with Vero E6 cells. Vero E6 cultures were pre-treated with goat anti-ACE2 antibody (d) or the PBS control (c) and then incubated witfsBe CHO
cells followed by 500 mM NaCl washes.

served. The rabbit sera produced against fragma® @.a. contains nine predicted-glycosylation sites, the rabbit anti-
168-461) and 810 (1029-1192) also presented some mi- serum raised against the denatured fragment produced from
nor blocking effectsKig. 5B and C). Rabbit serum antis& E. coliwas still able to block the binding. This indicates that
(a.a. 362—790) could not block the binding (or anti®with there is a non-glycosylated and linear epitope withiri$hat

less significant effect) may be due to the antigenicities for is important for S-ACE2 binding. Although the rabbit anti-S
those modules requiring higher extent of glycosylation or the serum against 83 could not block the binding effectively,
native conformation. However, although the region af1S it was routinely used in a dilution of 1:2000 as primary anti-
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Fig. 5. Identification of the receptor-binding region of SARS-CoV S gene. (A) Five fragments of SARS-CoV S protein were expréssed. iRabbits

were immunized with these five recombinant S protein fragments. The rabbit anti-sera were tested for blocking CHO-SG and Vero E6 cell interaction. (B)
The CHO-SG cells were first treated with pre-immune serum or one of five rabbit anti-sera described in (A), and then added to the Vero E6 cell layer. After
incubation, the cells were washed with 500 mM NaCl. The rabbit serum framh I#&d the most significant blocking effect. (C) Western blot analysis using
rabbit anti-S antibody to show the amount of S-EGFP in (B) samples.

body for Western blot analysi§ig. 2). All sera from either have been demonstrated in the epithelia of the lung and small

humans or rabbits used in the binding assay were neat; how-intestine Hamming et al., 2004 Two human lung cell-lines

ever, diluted sera (1:10) were tested and revealed insignificant{MRC5 and A549) and a human colon cell-line (HT29) were

blocking effect. Our results identified a receptor binding do- tested for developing the binding assay but results were un-

main of the S protein required lesser extent of glycosylation expected due to non-specific binding between CHO-SG and

and native conformation. these cells. Other human cell line of lung or digestive tissues
The blockage of CHO-SG cells to Vero E6 cells by anti- will be examined in the future.

ACE2 antibody was nearly completéi§. 4B), indicating that

ACE2 is the main receptor on the surface of Vero E6 cells

responsible for the binding. However, we cannot exclude the Acknowledgements
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ported by the Agency for Science and Technology (A*STAR)
of Singapore.
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