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Abstract

SARS-CoV 3a protein was a unique protein of SARS coronavirus (SARS-CoV), which was identified in SARS-CoV infected cells and
SARS patients’ specimen. Recent studies revealed that 3a could interact specifically with many SARS-CoV structural proteins, such as M, E
and S protein. Expressed 3a protein was reported to localize to Golgi complex in SARS-CoV infected cells. In this study, it was shown that
3a protein was mainly located in Golgi apparatus with different tags at N- or C-terminus. The localization pattern was similar in different
transfected cells. With the assay of truncated 3a protein, it was shown that 3a might contain three transmembrane regions, and the seconc
or third region was properly responsible for Golgi localization. By ultra-centrifugation experiment with different extraction buffers, it was
confirmed that 3a was an integral membrane protein and embedded in the phospholipid bilayer. Inmunofluorescence assay indicated that
3a was co-localized with M protein in Golgi complex in co-transfected cells. These results provide a new insight for further study of the 3a
protein on the pathogenesis of SARS-CoV.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction has been carried out world wide to find the cause for this
disease, and a novel coronavirus, SARS conoravirus (SARS-
An outbreak of life-threatening atypical pneumonia, firstly CoV) identified and sequenced by various research groups,
appeared in GuangDong Province, People’s Republic of is distantly related to the established group 2 coronavirus
China, has spread to North American, Europe, and other (Snijder et al., 2008
Asian countries. The syndrome is a new clinical entity and  The SARS-CoV is a single-stranded, positive-sense RNA
has been designated as severe acute respiratory syndromerus, 29,727 bp in length. The genomic organization is
(SARS). SARS has infected 8422 cases and caused 916 retypical of coronaviruses, with the characteristic gene order
lated deathsHan et al., 2004; Lee et al., 2003; Peiris et al., [5'-replicase (rep), spike (S), envelope (E), membrane (M),
2003; Tsang et al., 2008VHO, 2003a,lp. Vigorous research  nucleocapsid (N)-3 and short untranslated regions at both
termini. The SARS-CoV rep gene, comprising approximately
two-thirds of the genome, is predicted to encode two polypro-
Abbreviations: SARS, severe acute respiratory syndrome; PBS, teins that undergo co-translational proteolytic processing.
phosphate-buffered saline; SARS-CoV, SARS-associated coronavirus; rep, SARS-CoV contains four major structural proteins S, E, M
replicase; S, spike; E, envelope; M, membrane; N, nucleocapsid; ORF, openand N, which are common to all known coronavirusébgn

reading frame; DMEM, Dulbecco’s modified Eagel medium; EGFP, en- gt g]., 2003; Drosten et al., 2003; Holmes, 2003; Marra et al.,
hanced green fluorescent protein; ECL, enhanced chemiluminescence 2003: Rota et al 2003

* Corresponding author. Tel.: +86 10 66931223; fax: +86 10 68214653. .
E-mail addresscongyw@nic.bmi.ac.cn (Y. Cong). Coronaviruses also encode a number of non-structural pro-

1 These authors contributed equally. teins, whose open reading frames (ORFs) localize between S

0168-1702/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
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and E genes, or between M and N genes. These non-structuraBa/pEGFP-C1, truncated 3a, 3a/pCMV-myc, M/pCMV-myc
proteins vary widely among different coronavirus species. and M/pDsRed-N1 constructs were made in a similar fash-
The genome of SARS-CoV contains ORFs for five poten- ion, and the oligonucleotide primers were listedlable 1
tial non-structural proteins of greater than 50 amino acids The Golgi gene was PCR amplified from the pECFP-Golgi
in these intergenic regions. Among them, SARS 3a protein marker vector (Clontech) and cloned into pDsRed-N1 vector
(CDS: 25,252-26,074), also referred as ORF3, X1 and U274to product Golgi/pDsRed-N1 plasmid.
in other articles, was confirmed to express in the SARS-CoV
infected cells and SARS patients’ speciméar{ et al., 2004; 2.3. Expression of 3a/pEGFP-N1, 3a/pEGFP-C1 and
Yu etal., 2004; Zeng et al., 20Pp4t was reported that 3awas  3a/pCMV-myc
located in Golgi complex and plasma membrane in infected
cells and interacted with many structural proteins, such as  The transfected cells were harvested at 48 h after trans-
S, M and E protein, which suggested 3a was an importantfection. The cell lysates were prepared, ran on SDS-PAGE,
protein in viral life cycle. transferred to PVDF membrane, and incubated with mono-
In the present investigation, it was shown that 3a with dif- clonal anti-GFP antibody (1:10,000) (Sigma) or anti-myc an-
ferent tags at C- or N-terminus was mainly located in the tibody (1:1000) (Santa Cruz). Membranes were washed with
Golgi complex in transfected cells. And cellular localiza- TBS buffer and incubated with corresponding secondary an-
tion of truncated 3a was revealed that 3a might contain threetibody (Santa Cruz) tagged with horseradish peroxidase for
transmembrane regions, and the second or third region wasl h. Proteins were visualized with enhanced chemilumines-
properly reliable for Golgi localization. Ultra-centrifugation cence (ECL) reagents (Cell Signaling). Biotinylated protein
experiment with different extraction buffers demonstrated marker detection pack was purchased from Cell Signaling
that 3a was an integral membrane protein and embedded inTech.
the phospholipid bilayer. Further, immunofluorescence as-
say was shown that 3a co-localized with M protein mainly in 2.4. Confocal microscopy of 3a protein
Golgi complex in co-transfected cells.
At 24 h after transfection, cells on glass cover slips were
rinsed with phosphate buffered saline (PBS) and subjected

2. Materials and methods to fixation using 3.7% paraformaldehyde for 30 min and per-
meabilized with 0.2% Triton X-100. Fluorescence antibody
2.1. Cell culture and transfection staining was performed by incubating cells with appropriate

antibody for 1 h, followed by secondary antibody for 30 min.
293 (human embryonal kidney) cells, Vero (African green Then the nuclear was stained with PI (o@ml) (Sigmal)

monkey kidney) cells and COS-7 (African green monkey kid- or Hoechest (0.2phg/ml). Anti-myc antibody was used at
ney) cells were grown in Dulbecco’s modified Eagel medium 1:400.
(DMEM) (Gibco BRL) supplemented with 10% FBS. A549 To live-cell staining, cells were incubated with BODIPY
(human lung carcinomatous) cells were cultured in Ham’s TR Cs-ceramide (juM), ER-TrackefM Blue—White DPX
F12K medium with 10% FBS at 3T in a incubator sup- (1 wM) (Molecular Probes) for 30 min at 3. After that, the
plied with 5% CQ. When cell density in a culture plate cells were fixed with 3.7% formaldehyde for 10-20 min, and
reached 70% confluence, the cells were transfected withthen permeabilized with 0.2% Triton X-100 for 10 min. The
1.5pg/ml plasmid DNA using Lipofectamid& 2000 (In- nuclear was stained with Hoechest. Images were viewed and
vitrogen) according to the manufacturers’ recommendation. collected with confocal fluorescence microscope connected
The old medium was replaced with fresh medium 5h after to a Bio-Rad Radiance2100 laser scanner.
transfection and then incubation continued until experiment.

2.5. Membrane association assay
2.2. Construction of 3a/pEGFP-N1, 3a/pEGFP-C1,
3a/pCMV-myc, serial of truncated 3a protein and At 48 h post-transfection, 293 cells were washed with PBS
M/pCMV-myc, M/pDsRed-N1 and resuspended in ice-cold 1:10 2800f TES (20 mM

Tris, pH7.4; 100 mM NaCl; 1 mM EDTA) supplemented with

The 3a and M genes used for this study were PCR ampli- complete protease inhibitor cocktail (Roche). Cells were in-

fied from the SARS-CoV (2J01, AY297028) genome by us- cubated for 30 min onice and lysed by 30 strokes in a Dounce
ing TagDNA polymerase (NEB). PCR was performed witha homogenizer, and then centrifuged at 560@for 10 min (at
forward primer (containing ghd site) (Table ) andareverse  4°C) to remove cell debris and nuclei. Postnuclear super-
primer (containing &caRl site) complementary to thé &nd natants were treated with 1% Nonide P-40 or not treated, and
of the 3a gene but without the stop codon of 3a to allow for followed to centrifuge at 200,000 gfor 1 h (at4°C) to sepa-
read-through. This product was cut wkhd andEcadrl and rate membrane and cytoplasmic fractions. Supernatants were
cloned into the multiple cloning site (MCS) of the pEGFP-N1 freeze-dried and resuspended in 20®f one times lysis
vector (Clontech), producing a 3a/pEGFP-N1 plasmid. The buffer for further analysis. Pellet fractions were resuspended
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Table 1

Primes used for wild-type and truncated 3a constfucts

Construct name Polarity Sequence

3a/pEGFP-N1 Senke 5'-CCGCTCGAGCGCCACBTGGATTTGTTTATGAGATTTTTTACTCTTG-3
Anti-sensé 5'-CGGAATTCCCAAAGGCACGCTAGTAGTCG-3

3a/pEGFP-C1 Sense '-BCGCTCGAGGATGGATTTGTTTATGAGATTTTTTAC-3
Anti-sense 5CGGAATTCTTACAAAGGCACGCTAGTAGTCG-3

3a/pCMV-myc Sense '"BCGGAATTCGGATGGATTTGTTTATGAGATTTTTTAC-3
Anti-sense 5CCGCTCGAG TACAAAGGCACGCTAGTAGTCG-3

3a D1-147-EGFP Sense '-BCGCTCGAGCGCCACBTGGATTTGTTTATGAGATTTTTTACTCTTG-3
Anti-sense 5CGGAATTCCAAGTAATGGGTTCTGGGATTTG-3

3a D1-99-EGFP Sense '-BCGCTCGAGCGCCACBTGGATTTGTTTATGAGATTTTTTACTCTTG-3
Anti-sense 5CGGAATTCCCGCCTCCATACCTGCAGCGAC-3

3a D1-77-EGFP Sense '-BCGCTCGAGCGCCACBTGGATTTGTTTATGAGATTTTTTACTCTTG-3
Anti-sense 5CGGAATTCCCTGGAAGCCGTTATAAAGGGCTAG-3

3a D77-103-EGFP Sense '-6CGCTCGAGCGCCACBTGGAGGGCTTCCAGTTCATTTGC-3
Anti-sense 5CGGAATTCCCGCCTCCATACCTGCAGCGAC3

3a D99-147-EGFP Sense '-6CGCTCGAGCGCCACBTGGTGCTTGTCGCTGCAGGTATGG-3
Anti-sense 5CGGAATTCCAAGTAATGGGTTCTGGGATTTG-3

3a D147-274EGFP Sense '-6BCGCTCGAGCGCCACBTGGTTTATGATGCCAACTACTTTGTTTGC-3
Anti-sense 5CGGAATTCCCTTTGGCACGCTAGTAGTCG-3

3a D99-274-EGFP Sense '-6CGCTCGAGCGCCACBTGGTGCTTGTCGCTGCAGGTATGG-3
Anti-sense 5CGGAATTCCCTTTGGCACGCTAGTAGTCG-3

3a D77-274-EGFP Sense '-6CGCTCGAGCGCCACBTGGAGGGCTTCCAGTTCATTTGC-3
Anti-sense 5CGGAATTCCCAAAGGCACGCTAGTAGTCG-3

M/pDsRed-N1 Senge 5'-CCGCTCGAGCGCCACBTGGCAGACAACGGTACTATTACCGTTG-3
Anti-sensé 5'-CGGAATTCCCTGTACTAGCAGAGCAATATTGTC-3

M/pCMV-myc Sense 5CGGAATTCGGATGGCAGACAACGGTACTATTACCGTTG-3
Anti-sense 5CCGCTCGAG TACTGTACTAGCAGAGCAATATTGTC-3

Golgi/pDsRed-N1 Sense 'BCCG CTC GAGATG AGG CTT CGG GAG CCG CTC CTG-3
Anti-sense 5GCC GGA TCCCG CGG CCG GGC CCC TCC GGT CCG GAG-3

2 Gene sequences are correspond to SARS-CoV (ZJ01).
b Underlined nucleotides represent restriction site and Kozak sequence before start codon (ATG).
¢ Underlined nucleotides represent restriction site, and delete the stop codon.

in 200l of PBS, 0.1 M NaCOs (pH 11.5), 0.5M EDTA, that the chimeric proteins were expressed and migrated at
1M NaCl, 4 M urea or 1% Triton X-100, incubated for 1h the expected molecular mass of approximately 56,000 Da or
on ice, and centrifuged for 1 h at 200,00@ (at 4°C). The 28,000 Da separatel¥ig. 1B).
supernatant fractions after freeze-dried and the pellet frac- In the next step, localization of 3a protein with different
tions, resuspended in 2Q0 of one times lysis buffer, were  tags fused at N- or C-terminus was tested by fluorescence
analyzed by Western blotting with monoclonal anti-GFP an- confocal microscopy. As shown irig. 1C, merged images
tibody. (3, 6, 9 and 12) were represented regions of overlap
between the EGFP fluorescence or myc-staining (green-)
and Hoechest-labeling (blue-) image. The results showed

3. Results that EGFP protein was distributed throughout the entire cell
in both cytoplasm and nucleus, however, the pattern of 3a-
3.1. Subcellular localization of SARS-CoV 3a protein EGFP was located in the cytoplasm and plasma membrane in

a punctate pattern with condensing into discrete loci and spot

Previous studies revealed that SARS-CoV 3a encoded afluorescence. The fluorescence distribution of EGFP-3a was
protein of 274 amino acid that lacked significant similari- similarto that of 3aininfected cell3anetal., 2004, Yuetal.,
ties to any known protein. To characterize 3a, the gene in 2004, and EGFP or myc tag at N- or C-terminus had little
the SARS-CoV genome (ZJ01, AY297028) was inserted into effect on the cellular localizatiorF{g. 1C). Similar patterns
an expression vector that allows the production of EGFP inimmunofluorescence of 3a were observed in Vero, COS-7,
or myc fusion protein under the control of a CMV pro- A549 and 293 cellsHig. 1D). Expression of 3a was emerged
moter Fig. 1A). 3a/pEGFP-N1, pEGFP-N1, 3a/pEGFP-C1, from 12 to 48h after transfection in 293 cellBiq. 1E).
PEGFP-C1, pCMV-myc and 3a/pCMV-myc plasmids were Published data showed that 3a was detected in Golgi complex
transfected into 293 cells separately. At 48 h after transfec- with 58K protein and beta-COP staining in SARS infected
tion, cell lysates were prepared, separated by SDS-PAGE,cells (Yu et al., 2004. With fluorescence dyes — ER Tracker
and transferred to PVDF membrane. Immunoblot analysis Blue-White DPX and BODIPY TR &ceramide Babia
with anti-GFP antibody or anti-myc antibody demonstrated et al., 2001; Cole et al., 20D0which stained endoplasmic
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Fig. 1. Expression and cellular localization of 3a within transfected cells. (A) Construction of 3a/pEGFP-N1, 3a/pEGFP-C1 and 3a/pCMV-myth&a from
SARS-CoV genome was cloned as a C-terminal fusion to the pEGFP-N1 vector, and as N-terminal fusion to the pEGFP-C1 and pCMV-myc vectors. (B)
Western blotting analysis. 293 cells were transiently transfected with pEGFP-N1, 3a/pEGFP-N1, pEGFP-C1, 3a/pEGFP-C1, pCMV-myc and 3a/pCMV-myc
plasmids separately. Cell lysates were prepared at 48 h after transfection and separated by SDS-PAGE. Proteins transferred to PVDF membeahe was prok
with monoclonal anti-GFP or anti-myc antibody. Sizes (kDa) of molecular mass markers were indicated on the left. (C) Cellular localization&h3a prot
with different tags. 293 cells were transfected with described plasmids separately. Cellular localization of 3a was observed by scanningeloonésceh
microscopy. Green represented EGFP fluorescence (1, 4 and 7) from original EGFP, 3a-EGFP or EGFP-3a fusion protein; blue (2, 5, 8 and 11) represente
Hoechest stained cell nuclei; 3, 6, 9 and 12 images represented overlapping green and blue fluorescence. In panels 10, cells were labeled wiglateld C conj
goat anti-mouse antibody to show the expression of myc-3a. All three panels of a row had the same field of view. (D) Cellular localization of 3a protein in
different transfected cells. COS-7, Vero and A549 cells were transiently transfected with 3a/pEGFP-N1 separately. Cellular localizationafsgéaveds

at 24 h after transfection. Green represented EGFP fluorescence from expressed 3a-EGFP protein in different cells; red represented propidRiin idodin
stained cell nuclei; yellow (in the overlay image) represented overlapping green and red fluorescence. All three panels had the same field oéligav. (E) C
localization of 3a protein at different time after transfection. 3a/pEGFP-N1 was transfected into 293 cells. At 12 h, 24 h, 36 h and 48 h aftertranefect
cellular localization of 3a was viewed with fluorescence confocal microscopy separately. Green represented EGFP fluorescence from expreBsed 3a-EGF
protein.
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Fig. 1. Continued.)

reticulum (ER) and Golgi complex, respectively, it was tingthe proteininalltransmembrane domains. Different trun-
shown that 3a-EGFP was mainly distributed in Golgi cated 3aproteinswere expressed and migrated atthe expected
apparatus, and partially in ERFig. 2A). Further, with the molecular mass separateBig. 3B). Cellular localization of
Golgi vector marker — Golgi/pDsRed-N1, it was confirmed truncated 3a protein was performed as before. As shown in
3a was localized well in Glogi complexig. 2B). Using Fig. 3C (A—F and V-X), the fluorescent pattern of 3a D1-147,
COS-7 cells, similar results were obtained (data not shown). D1-103 and D 77—-274, containing two or three functional re-
These results suggested that the Golgi distribution of 3a gions, was similar to that of wild-type 3a proteifig. 1C),

protein was a conserved attribute. distributing in the cytoplasm and somewhere condensing to
spots fluorescence. However, construct 3a D147-274 gave
3.2. Cellular localization of truncated 3a protein rise to preservation of EGFP in the cytoplasm and nuclear

(Fig. 3C (P-R)) as did peGFP-N1 (Fig. 1C). These results
Bioinformatics analysis showed that 3a protein mightcon- suggested that the N-terminal 147 amino acids of 3a were
tain three transmembrane regions spanning approximatelymainly responsible for the Golgi localization. Furthermore,
residues from 34 to 56, 77 to 99, and 103 to 1Rfaira as shown irFig. 3C (G-0 and S—-U), constructs, containing
etal., 2003; Rota et al., 20p@ig. 3A). To further character-  only one transmembrane region of 3a, all localized in the cy-
ize the region responsible for Golgi localization, a series of toplasm, but more disperse than that of wild-type 3a protein.
truncated 3a were constructed according to the bioinforma- Closer investigation revealed that the fluorescence from first
tion results. This approach was used in an attempt to avoidregion was distributed homogeneously over the cytoplasm.
major disruption in protein folding that could result in cut- However, the ones from second or third region was some-
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(A)

Golgi/pDsRed-N1] 3

(B)

Fig. 2. Subcellular localization of 3a protein. (A) Subcellular localization of 3a protein with fluorescence marker. 293 cells transfected aigE @3N 1

plasmid were grown for 24 h, washed with PBS, and stained with Golgi or ER fluorescence marker. Subsequent, cells were fixed, and then nuclear wa
stained with Hoechest or PIl. 3a-EGFP protein (green, 1 and 5), Golgi fluorescence marker BODIRYc&fa@ide (red, 2), ER fluorescence marker ER-
Trackef™ Blue—White DPX (blue, 6) and merge image (4 and 8) were indicated. (B) Subcellular localization of 3a protein with Golgi-DsRed protein. 293
cells co-transfected with the 3a/pEGFP-N1 and Golgi/pDsRed-N1 plasmids. At 24 h after transfection, cells were fixed, and nuclear was staieeldesith Ho
3a-EGFP protein (green, 1), Golgi-DsRed marker (red, 2), DNA staining (blue, 3) and merge image (4) were indicated.

where emerged discrete loci fluorescence in the cytoplasm,of membrane association was further investigated using dif-
which were partly co-localized with Golgi-DsRed protein ferent buffers to extract the membrane fraction. According
(Fig. 3D). These results suggested that 3a protein might con-to previous reportsde Jong et al., 20031 M NacCl can in-

tain three transmembrane regions, which was consisted withcrease the ionic strength of buffer; 4 M urea function as mild
that of bioinformation assay, and the second or third region chaotropic salt conditions; 0.5 M EDTA can chelate divalent

might have a Golgi localization signal. cations; 0.1 M NaCO;s (pH 11.5) providing alkaline condi-
tions, convert membrane to sheet and release soluble proteins
3.3. Membrane association of 3a protein in vivo thatare trapped inside membrane vesicles. The cell lysate was

first centrifugated to separate supernatant and pellet fractions,

Many structural proteins of coronavirus are membrane- and the pellet fractions were then extracted with the indicated
associated protein, which localized in Golgi apparatus or ER buffers for 1 h Fig. 4B). As shown inFig. 4B, after second
in infected cells. A method based on ultra-centrifugation was ultra-centrifugation, 3a-EGFP protein remained attached to
used to investigate the membrane association of 3a proteinmembranes on extraction with PBS (control) and the buffers
With this experiment, membrane and cytoplasmic fractions that extract peripheral membrane proteins, such as 1 M NacCl,
were collected and analyzed by Western blotting from 293 or 0.5 M EDTA. In addition, the protein was mainly detected
cells transfected with either pEGFP-N1 or 3a/pEGFP-NL1. As in the pellet fraction when membranes were extracted using
expected, the cytosolic EGFP protein was detected mainly in0.1 M NgCOs (pH 11.5) and 4 M ureade Jong et al., 2003
the supernatant fraction. When fused with 3a, however, it was arguing for integral association attribute of 3a protein. While
detected mainly in the pellet fraction, and expressed at the ex-upon solubilization of membrane pellet using 1% Triton X-
pected molecular mass. Moreover, the cell lysate pretreatedl00, a non-ionic detergent that released integral membrane
with NP-40 before ultra-centrifugation, 3a-EGFP proteinwas proteins, the 3a-EGFP protein was detected in the supernatant
found exclusively in the supernatant fractiéiig. 47A). These fraction. From these results, it was confirmed that 3a protein
results were supportive of the suggestion that 3a protein waswas integral membrane protein, which embedded in the phos-
closely associated with membrane. Subsequently, the modepholipid bilayer.
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3.4. Co-localization of 3a and M proteins complex localizationKig. 5A), confirming that the M fusion
proteins with myc or DsRed tag at its N- or C-terminus
Recent data showed that 3ainteracted with many structuralhad similar localization. To reveal the Golgi localization
proteins, such as S, M and E proteifiaif et al., 2004; Zeng  of SARS-M protein, M/pCMV-myc and Golgi/pDsRed-N1
etal., 2004. Coronavirus M was a triple-spanning membrane were co-transfected into 293 cells. As shownFig. 5B,
protein, which was reported to mainly localize to the Golgi the fluorescent distribution of myc-M and Golgi-DsRed was
complex in infected or transfected celRditier, 1993. The similar and co-localized with Golgi-DsRed in Golgi complex
interactions of M protein with E and S proteins were impor- region.
tant for virus formation and buddingl¢ Haan et al., 1999; To confirm the spatial interaction of M and 3a proteins in
Klumperman et al., 1994 To characterize the localization cells, 3a/pEGFP-N1 and M/pDsRed-N1 were co-transfected
of SARS M protein and to reveal the spatial interaction into 293 cells. As shown irFig. 5C, the fluorescence of
between SARS-CoV 3a and M proteins, the gene of M 3a-EGFP and M-DsRed were distributed in the cytoplasm
protein was cloned from SARS-CoV genome and inserted and co-localized well along the Golgi region. Similar re-
into pDsRed-N1 and pCMV-myc vector. After transfected sult was also observed from the cells co-transfected with
into 293 cells separately, the fluorescence of M-DsRed and3a/pEGFP-N1 and M/pCMV-myc. The results suggested that
myc-M were mainly located in the cytoplasm and condensed the interaction of 3a protein with M protein might play
into discrete loci and spot fluorescence, somewhat like Golgi an important role in SARS-CoV assembling or budding.

Construct Name Localization
3a W/T NH2 i CooH C
3aDI-147  NH2 2o c
3aDI-103  NH2 COOH ¢
3aDI1-77 NH2 €OoH C

COOH C
3a D77-103
COOH
3a D99-147
“O0H N
3aDI147-274 COOl cf
COOH C
3aD99-274 i
3aD77-274 gg cooH ¢
(A) Kozak consensus translation initiation site
kDa
50
45 5 p % -
40 > e
35 B {
30 _ A 2
1 2 3 4 5 6 7 8
1:3aD1-147 2:3a D147-274 3:3aD1-103 4:3aD77-103
(B) 5:3aD1-77 6: 32 D99-147 7: 32 D99-274 8: 32 D77-274

Fig. 3. Expression and cellular localization of truncated 3a protein. (A) DNA constructs of deletant 3a protein. The truncated SARS-CoV 3agmeteins w
cloned into pEGFP-NL1 vector as C-terminal fusion to EGFP. The different mutants were constructed based on bioinformative studies of SARS-@&V 3a. Koz
consensus translation initiation site was indicated. The animo acid positions for 3a were given at the low (a, b and c represented the threeatransmembr
regions). C or N from localization represented the cytoplasm or nuclear localization. (B) Western blotting analysis. 293 cells were transiectydnaith

described plasmids separately. Cell lysates were prepared at 48 h post-transfection and separated by SDS-PAGE. Proteins transferred to Reasnembra
probed with anti-GFP antibody. Sizes (kDa) of molecular mass markers were indicated on the left. (C) Cellular localization of truncated 3a @rbltein. A
post-transfection with indicated mutants, 293 cells were analyzed by confocal fluorescence microscopy. Left row (green) showed fusion E@Fed|uoresc
middle row (red) showed PI stained cell nuclei; right row (yellow) represented overlapping green and red fluorescence. The fluorescent pattefi@@f 3a D1
D1-103 and D77-274 (A—F, V-X), like wild-type 3a, was distributed in the cytoplasm and somewhere condensed to spots fluorescence. And mutant 3a D1-77,
D77-103, D99-147 and D99-274 were localized in the cytoplasm (G-O, S-U). However, construct 3a D147-274 gave rise to preservation of EGFP in the
cytoplasm and nuclear (P-R). (D) Subcellular localization of deletant 3a protein with Golgi-DsRed protein. 293 cells co-transfected witarth@adatet
Golgi/pDsRed-N1 plasmids. At 24 h after transfection, cells were fixed, and nuclear was stained with Hoechest. Deletant 3a-EGFP protein (ge@), 1,5 a
Golgi-DsRed marker (red, 2, 6 and 10) and merge image (3, 7 and 11) were indicated.
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4. Discussion primary cause of SARS. SARS-CoV is a new member of
coronavirus family. As shown from previously known coro-
Laboratory studies of SARS patients and experimental naviruses, coronaviruses are enveloped positive-strand RNA
infections of macaques proved that SARS-CoV was the viruses, which acquired the membrane envelope by budding
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into the lumen of Golgi complexdge Haan et al., 1999L at-

7 - s 4—0KDa eral interactions between the coronavirus membrane proteins
e are thought to mediate the formation of virion envelope. The
—_— } <€—28kDa coronavirus envelope contains three main structural proteins
12 3 4 s 6 1 8 M, S, and E. The S protein is a type | glycoprotein, which
I:GFP 2:GFP-P 3:GFP-S 4:3a-GFP-P 5: 3a-GFP-S is transported to the plasma membrane when expressed on
(A)  6:32-GFP-P(NP40) 7:3a-GFP-S (NP40) 8: 3a-GFP

its own, and co-accumulates with the M protein on Golgi
complex in coronavirus infected cell§¢rse and Machamer,
2000. The M protein is the most abundant envelope protein
of coronaviruses, and the physical nature of coronavirus
envelope is largely determined by the characteristics of M
protein. M protein accumulates with E and M proteins in
the Golgi complex, where they assemble into virus particles

— — — P pellet

i

* Supernatant . . . .
in coronavirus infected cells or co-transfected cells. Indirect
| 2 3 4 5 6 immunofluorescence and Western blotting assays confirmed
1:PBS 2:IMNacl 3:0.5M EDTA the interactions of M protein with E and S proteins. The
(B) H L2100 Sudbilioes £ 0LM Ha2ClO3 E protein is a minor but essential viral component. Many

. - . _ , studies confirm that coronavirus M protein, interacting with
Fig. 4. Membrane association of 3a protein. (A) Analysis of cytoplasmic and

membrane fractions. Cells transfected with the pEGFP-N1 or 3a/pEGFP-N1 E prqte'” and nucleocapside, plays an important role in viral
were harvested at 48 h post-transfection, and lyzed in Dounce homogenizer.Pudding through the membrange(Haan et al., 1998, 1999,
Cytoplasmic (supernatant, C) and membrane (pellet, P) were prepared and?000; Lim and Liu, 2001; Narayanan et al., 2000

analyzed by Western blotting with anti-GFP antibody. Sizes (kDa) of molec- SARS-CoV 3a protein was identified in SARS-CoV in-
ular‘ mass markers were |nd|cateq on the right. (B) Mode of membrane as- fected cells and SARS patients’ specim@ar( et al., 2004;
sociation. At 48 h after transfection with 3a/pEGFP-N1, cells membrane . . . .

fractions were separately extracted with the indicated buffer and centrifuged Yu_ etal., 2003. Antibody raised ag_amSt recomb|nar.1t. 3apro-
to obtain the pellet (in the top) and supernatant fractions (in the low), and t€in and the sera from SARS patients could specifically de-

then analyzed by Western blotting with anti-GFP antibody. tect the recombinant SARS 3a protein expressef.inoli
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Fig.5. Co-localization of 3a and M proteins. (A) Cellular localization of M protein. 293 cells were transiently transfected with M/pDsRed-N ICGIvidfvirpc

separately. Localization of the protein was observed by fluorescence confocal microscopy. Red fluorescence came from expressed M-DsRed@®etein, and
fluorescence was labeled by FITC conjugated goat anti-mouse antibody to show the expression of myc-M. The nuclear DNA was stained with Hoechest (blue;
All three panels of a row had the same field of view. (B) Subcellular localization of M protein. The cells transfected with M/pCMV-myc and GolgifdDsRed-
were labeled with FITC conjugated antibody to show the expression of myc-M, and nuclear DNA was stained with Hoechest. The merged image wals represente
region of overlap between the myc antibody (green-) and Golgi-DsRed (red-) image. All four panels of a row had the same field of view. (C) Corocalizatio
analysis of 3a and M proteins. The cells transfected with 3a/pEGFP-N1 and M/pDsRed-N1 or 3a/pEGFP-N1 and M/pCMV-myc were analyzed by confocal
fluorescence microscopy. The merged image was represented region of overlap between the 3a-EGFP (green-) and M-DsRed (red-) or 3a-EGFP (green-) ¢
myc-M (red-) image. All four panels of a row had the same field of view.
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and in Vero E6 cells. Previous research was shown that 3aprovided a new insight for further studies on the potential
could specifically interact with many SARS-CoV structural role of 3a protein in viral budding and cell injury.
proteins such as M, S and E proteins, and was distributed
mainly in Golgi complex in infected cellsTén et al., 2004;
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