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Summary：SARS coronavirus (SARS-CoV) is the etiologic agent of severe acute respiratory syn-
drome. The aim of this study was to construct Sars-CoV membrane (M), nucleocapsid (N) and spike 
2 (S2) gene eukaryotic expression plasmids, and identify their expression in vitro. Gene fragments 
encoding N protein, M protein and S2 protein of SARS-CoV were amplified by PCR using cDNA 
obtained from lung samples of SARS patients as template, and subcloned into pcDNA3.1 vector to 
form eukaryotic expression plasmids. SARS-CoV protein eukaryotic expression plasmids were trans-
fected respectively into CHO cells. Immunohistochemistry was employed to detect the expression of 
the structural proteins of SARS-CoV in transfected cells. SARS-CoV protein eukaryotic expression 
plasmids were successfully constructed by identification with digestion of restriction enzymes and 
sequencing. M, N and S2 proteins of SARS-CoV were detected in the cytoplasm of transfected CHO 
cells. It was concluded that these recombinant eukaryotic expression plasmids were constructed suc-
cessfully, and SARS-CoV encoding proteins could activate transcription and expression of hfgl2 
gene. 
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SARS-associated coronavirus (SARS-CoV) is the 
etiologic agent of severe acute respiratory syndrome 
(SARS), which spread worldwide in 2003, infecting 
thousands of people and killing hundreds[1]. The high 
viral virulence resulting in a significant mortality rate of 
infected patients has created widespread scientific inter-
est in understanding the mechanisms of pathogenicity of 
this virus. Molecular biological analyses of SARS-CoV 
identified 14 open reading frames (ORFs)[2]. The SARS- 
CoV genome encodes four structural proteins: spike (S), 
envelope (E), membrane (M) protein and nucleocapsid 
protein (N)[2-4]. These proteins play a role in viral replica-
tion and packaging, as well as the process of invasion, 
respectively[5, 6]. Studies have shown that these viral pro-
teins can serve as not only a structural protein involved 
in the synthesis of the virus, but also a regulatory protein 
in the regulation of host gene expression[7-10].  

Fibrinogen-like protein-2 (Fgl2) prothrombinase is 
also named fgl2 fibroleukin, and fgl2 plays an important 
role in the development of murine hepatitis virus type 3 
(MHV-3)-induced fulminant hepatitis[11-14], human se-
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vere acute chronic hepatitis B[15, 16], experimental and 
human allograft  rejection and cancer[17]. 

SARS-CoV can cause inflammation of lung tissue 
associated with edema, hemorrhage and necrosis, cellu-
lose deposition, accompanied by a wide range of coagu-
lation dysfunction. In preliminary studies we have con-
firmed fgl2 gene expression in murine SARS model[11-13]. 
Foreign scholars have also noticed that hfgl2 genes may 
be involved in the formation of immune-coagulation in 
SARS patients[17-21]. Whether the SARS-CoV protein 
coding genes contribute to hfgl2 activation thus promot-
ing the occurrence and development of hemorrhagic ne-
crosis, fibrin deposition and microcirculatory disturbance 
in lung tissues, is still unclear. In this study, we estab-
lished the eukaryotic expression vectors of SARS-CoV 
encoding proteins S2, M and E, and co-tranfected them 
into CHO cells with the hfgl2 promoter luciferase-re-
porter gene to investigate the activation effect of SARS- 
CoV encoding proteins on hfgl2 gene. 

 
1 MATERIALS AND METHODS 
 
1.1 Construction of Eukaryotic Expression Plasmids 
pcDNA-N, pcDNA-M and pcDNA-S2 

The construction of prokaryotic expression vectors 
pET28-S2, pET28-N and pET32-M were described pre-
viously[20]. Briefly, total RNA was extracted from the 
lung tissues of SARS patients confirmed by the diagnos-
tic standard of Ministry of Public Health announced on 
April 5th, 2003. RT-PCR was performed according to 
the manufacturer’s instructions. S2, M and N genes were 
amplified by PCR using the cDNA as template. S2 and N 
genes of SARS were cloned into the prokaryotic expres-
sion vector pET28, while M gene was cloned into the 
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vector pET32. SARS-CoV S2 and M gene fragments 
were released from pET28-S2 and pET32-M by diges-
tion with BamH I and Xho I, and then subcloned into 
eukaryotic expression vector pcDNA3.1 (+) using the 
BamH I and Xho I sites to form pcDNA-S2 and 
pcDNA-M. SARS-CoV N gene fragments were released 
from pET28-N by digestion with BamH I and Not I, and 
then subcloned into pcDNA3.1 (+) using the BamH I and 
Not I sites to form eukaryotic expression plasmid 
pcDNA-N. 
1.2 Construction of Hfgl2 Promoter Luciferase-re-
porter Plasmids 

Fgl2 promoter luciferase-reporter plasmids were 
constructed as described previously[14]. Briefly, a 1.3-kb 
DNA fragment including the entire hfgl2 gene promoter 
was released by restriction digestion with EcoRV and Sal 
I from a subclone pBluescript-m166 (pm166) of human 
genomic P1 plasmid (Genome System Inc, USA) that 
contained the entire hfgl2 gene. The isolated 1.3-kb 
fragment was then inserted into SmaI and XhoI sites of 
the pGL2-Basic luciferase-reporter vector (pGL2-Basic, 
Promega, USA) to form hfgl2 promoter luciferase-re-
porter plasmid hfgl2p(–1334)LUC[14]. 5'-truncation of the 
hfgl2 promoter in pGL2-Basic was carried out by PCR 
using hfgl2p(–1334)LUC as template. The series PCR 
products were respectively cloned into PCR2.1 cloning 
vector, and subcloned into pGL2-Basic plasmid at Hind 
III and XhoI sites to form four 5'-truncation of hfgl2 
promoter luciferase-reporter constructs. The upstream 
primers used were 5'-CTT ATG TCT TTC CTG CCT 
TC- 3' for hfgl2p(–998)LUC, 5'-GGC AAG AGA AGT 
TCA GGA C-3' for hfgl2p(-817)LUC, 5'-AAT ACA 
GGC TCC CCA ATG C- 3' for hfgl2p(-467)LUC and 5' 
-GTG AAT CTT GTT GGC TGT G-3' for 
hfgl2p(–243)LUC. The common downstream primer 
used was 5'-TTC GCC CAT CTT TAC AGTG-3', re-
spectively. The promoter luciferase-reporter plasmids 
were all sequenced to confirm the orientation and verify 
the sequence. 
1.3 Cell Culture and Transient Transfections  

CHO cell line was cultured with F12 medium (Gibco, 
USA) and human macrophage cell line THP-1 with 1640 
medium, and both media were supplemented with 10% 
FBS. Cells were plated in 6-well culture plates at 50% to 
70% confluence. Two μg of expression plasmid pcDNA-N, 
pcDNA-M or pcDNA-S2, 1 μg hfgl2p(–1334)LUC plas-
mid, and 0.5 μg β-galactosidase plasmid (as a marker for 
transfection efficiency by β-galactosidase assay; Rous 
sarcoma virus β-galactosidase vector was purchased from 
Promega, USA) in 100 μL Opti-MEM medium (Invitro-
gen, USA) were mixed by vortexing with 8 μL of Li-
pofectamine 2000 (Invitrogen, USA) in 100 μL 
Opti-MEM medium. After incubation of the mixture at 
room temperature for 20 min, 1.8 mL Opti-MEM medium 
(Invitrogen, USA) was added to bring up the volume to 2 
mL. One mL of the mixture was distributed into one of the 
duplicated wells with CHO cells or THP-1 cells. After 
cells were cultured for 10–12 h, another 1 mL culture me-
dium was added to the well. Transfection was performed 
at 37°C with 5% CO2 for 40–44 h. After transfection, 
these cells were harvested for detection of the expression 
of SARS-CoV M, N and S2 proteins by immunocyto-
chemistry. 

1.4 Immunocytochemistry 
Cells transfected with pcDNA-M, pcDNA-N or 

pcDNA-S2 were fixed with 80% acetone for 10 min, and 
then incubated in 3% H2O2 to block internal peroxidase 
for 10 min at room temperature. Then cells were incu-
bated for 10 min at room temperature in blocking solu-
tion of normal goat serum according to the manufac-
turer’s instructions (SP kits, Sigma, USA). The cells 
were stained with the anti-SARS-CoV-M, anti-SARS- 
CoV-N or anti-SARS-CoV-S2 polyclonal antibodies 
from rabbit (provided by Prof. Hu Zhihong, Key Labo-
ratory of Molecular Virology, Wuhan Institute of Virol-
ogy, Chinese Academy of Sciences Wuhan Virus Re-
search, China) with a dilution of 1:200 overnight fol-
lowed by a secondary biotinylated anti-rabbit IgG at a 
dilution of 1:1000. Solution of streptavidin-peroxidase 
was added to cells. As negative controls, CHO cells, ei-
ther without transfection or transfected with 
pcDNA3.1(+) empty vector were employed. 
1.5 Real-time Fluorescence Quantitative RT-PCR 

Previous study found that the hfgl2 expression is 
confined to macrophage cells, lymphocytes, and endo-
thelial cells of intrahepatic veins and hepatic sinusoids. 
Therefore THP-1 cell line system was introduced to 
characterize hfgl2 gene transcript and protein expression 
in response to SARS-CoV proteins. Total RNA was ex-
tracted from THP-1 cells transfected with pcDNA-M, 
pcDNA-N or pcDNA-S2 with TRIzol reagent (Invitro-
gen, USA) according to the manufacturer’s standard 
protocol. Real-time fluorescence quantitative RT-PCR 
was done with EvaGreen PCR reagents (Biotium, USA) 
according to the manufacturer’s standard protocol to de-
tect the mRNA level of hfgl2. The upstream and down 
primers were 5'-ACT GTG ACA TGG AGA CCA TG-3', 
and 5'-TCC TTA CTC TTG GTC AGA AG-3' respec-
tively. 
1.6 Western Blot Analysis 

The supernatant of THP-1 cells lysate transfected 
with pcDNA-M, pcDNA-N or pcDNA-S2 was detected 
for the expression of hfgl2 protein using polyclonal an-
tibody from rabbit against hfgl2 prothrombinase (1:500 
dilution). After washing 5 times, the membranes were 
probed with a horseradish peroxidase-labeled goat 
anti-rabbit secondary antibody (Santa Cruz Biotechnol-
ogy, USA) for 1 h. The peroxidase based detection was 
performed with Super Signal West Pico Chemilumines-
cent Substrates Kits (Pierce, USA) according to the 
manufacturer’s instructions. 
1.7 Luciferase Assay and Mapping of the Hfgl2 Pro-
moter 

Cells transfected with pcDNA-N, pcDNA-M, or 
pcDNA-S2, luciferase-reporter vector hfgl2p(–1334) 
LUC were collected and lysed in buffer containing 150 
mmol/L NaCl, 50 mmol/L Tris, 5 mmol/L EDTA, 1% 
Nonidet P-40, and protease inhibitor for 30 min on ice, 
and then the supernatant of cell lysate was obtained by 
subsequent centrifugation for Western blotting. 
Luciferase activity and β-galactosidase activity were 
assayed by using the luciferase and β-galactosidase en-
zyme assay system (Promega, USA). Luciferase activity 
was normalized with the β-galactosidase activity in cell 
lysate, and calculated as an average of three independent 
experiments. PGL2-Basic vector was used as a negative 
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control. A series of 5' truncated hfgl2 promoter/report 
constructs hfgl2p(-1334)LUC, hfgl2p(-998)LUC, 
hfgl2p(-817)LUC, hfgl2p(-467)LUC and hfgl2p(-243) 
LUC was respectively co-transfected with pcDNA-N and 
β-galactosidase plasmid to CHO cells as previously de-
scribed. After incubation for 40–44 h, cells were lysed to 
detect the luciferase activity and β-galactosidase enzyme 
activity. 
1.8 Statistical Analysis 

Data were expressed as ±s where applicable. Stu-
dent’s t test for unpaired samples (two-tailed) was used 
to analyze the data using the SPSS 12.0 statistical soft-
ware. 

 
2 RESULTS 
 
2.1 Identification of pcDNA-N, pcDNA-M and 
pcDNA-S2 

Electrophoretic identification of recombinant plas-
mids pcDNA-N, pcDNA-M and pcDNA-S2 by restric-
tion enzyme was done (fig. 1). Agarose gel electrophore-
sis showed that pcDNA-M and pcDNA-S2 could be di-
gested by BamH I and Xho I restriction enzyme with 666 
and 1653 bp fragments respectively after 3 h digestion, 
and pcDNA-N by BamH I and Not I restriction enzyme 
with a 1266 bp fragment after digestion. The orientation 
and gene sequences of these three plasmids were con-
firmed by DNA sequencing. 
 

 
Fig. 1 Identification of recombinant pcDNA-S2, pcDNA-N 

and pcDNA-M plasmids by enzyme digestion 
1: pcDNA-S2/BamH I and Xho I; 2: pcDNA-N/BamH I 
and Not I; 3: pcDNA-M/BamH I and Xho I; M: DNA 
marker 

 
2.2 Identification of Hfgl2 Promoter Luciferase-re-
porter Plasmids 

Electrophoretic identification of recombinant plas-
mids hfgl2p(–998)LUC, hfgl2p(–817)LUC, hfgl2p(–467) 
LUC and hfglp2(–243)LUC by restriction enzyme was 
done (fig. 2). Agarose gel electrophoresis showed that 
hfgl2p(–998)LUC, hfgl2p(–817)LUC, hfgl2p(–467)LUC 
and hfglp2(–243)LUC could be digested by Hind III and 
Xho I restriction enzyme with 1008, 827, 477 and 253 bp 
fragments respectively after digestion. All above se-
quences were confirmed by DNA sequencing.  
2.3 Expression of SARS-CoV N, M and S2 Proteins in 
CHO Cells 

To detect the expression of SARS-CoV N, M and 
S2 proteins in CHO cells, immunocytochemistry was 
used to CHO cells transfected with eukaryotic expression 
vectors pcDNA-N, pcDNA-M or pcDNA-S2. The dark 

brown cytoplasmic staining was seen in either pcDNA-N, 
pcDNA-M or pcDNA-S2 transfected cells by immuno-
cytochemistry (fig. 3), but there was no or trace amount 
of staining in pcDNA3.1 empty vector transfected cells 
(negative control). 
 

 
Fig. 2 Identification of progressive deletions of hfgl2 pro-

moter luciferase-reporter constructions by enzyme 
digestion 
1: hfgl2p(–998)LUC; 2: hfgl2p(–817)LUC; 
3: hfgl2p(–467) LUC; 4: hfgl2p(-243)LUC. All the re-
combinants were digested with Hind III and Xho I re-
striction enzymes 

 

 
Fig. 3 Expression of SARS-CoV N, M and S2 proteins in CHO 

cells (SP×200) 
A: CHO cells transfected with pcDNA3.1(+), as nega-
tive control;  
B: CHO cells transfected with pcDNA3.1-N;  
C: CHO cells transfected with pcDNA3.1-M;  
D: CHO cells transfected with pcDNA3.1-S2 

 
2.4 Effect of SARS-CoV N, M and S2 Proteins on 
Hfgl2 Expression 

To evaluate the effects of SARS-CoV encoding 
proteins on hfgl2 expression in vitro, a time course study 
of the effects was performed by real-time fluorescence 
quantitative RT-PCR, using THP-1 cells transfected with 
pcDNA-N, pcDNA-M or pcDNA-S2 for 40–44 h (fig. 4). 
It was evident that SARS-CoV N protein significantly 
enhanced hfgl2 mRNA expression as compared with M 
and S2 proteins. To detect the expression level of hfgl2 
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protein in response to SARS-CoV proteins, Western blot 
analysis of hfgl2 was performed. It was found that hfgl2 
protein was enhanced distinctly by the stimulation of 
SARS-CoV N protein. No hfgl2 protein was detected in 
the cells transfected with pcDNA-M or pcDNA-S2 (fig. 
5). 
 

 
Fig. 4 Real-time PCR analysis of the expression of hfgl2 in 

response to SARS-CoV N, M and S2 proteins 
THP-1 cells were transfected with pcDNA-N (1), 
pcDNA-M (2), pcDNA-S2 (3) and pcDNA-3.1 empty 
vector (4) respectively, and untransfected cells (5) as 
control group. Values are expressed as ±s of three 
separate experiments done in triplicate. *P<0.01 
compared with control group 

 

 

Fig. 5 Western blot analysis of the hfgl2 expression in re-
sponse to SARS-CoV N, M and S2 proteins. THP-1 
cells were transfected with pcDNA-N (1), pcDNA-M 
(2), pcDNA-S2 (3) and pcDNA-3.1 empty vector (4) 
respectively 

 
2.5 Mechanism of SARS-CoV N Protein-induced 
Hfgl2 Transcription 

To explore the mechanism of increased mRNA and 
protein levels of hfgl2 in response to SARS-CoV pro-
teins, CHO cells were co-transfected with the hfgl2 pro-
moter construct hfgl2p(-1334)LUC and pcDNA-N, 
pcDNA-M or pcDNA-S2 vectors. As shown in fig. 6, 
consistent with real-time PCR and Western blot results, 
SARS-CoV N protein induced hfgl2 promoter activity 
with an average increasing of 6.0-fold in CHO cells as 
compared with that in cells co-transfected with 
pcDNA3.1 empty vector (fig. 6). There was no signifi-
cant change in relative luciferase activity when 
pcDNA-M or pcDNA-S2 was co-transfected with 
hfgl2p(-1334)LUC in CHO cells. These results suggested 
that SARS-CoV N protein but not M or S2 protein in-
duces hfgl2 promoter activity in CHO cells. 
2.6 Mapping of the Hfgl2 Promoter 

To characterize the region in the hfgl2 promoter 
which is responsive to N protein of SARS-CoV, con-
structs containing progressive deletion of the hfgl2 pro-
moter was co-transfected with pcDNA-N and a 

β-galactosidase vector in CHO cells. As shown in fig. 7, 
preliminary mapping of the hfgl2 promoter has defined a 
region from -817 to -467 to be responsive to induction of 
N protein of SARS-CoV. Using bioinformatics software 
(TESS and TFSEARCH, Computational Biology Re-
search Center, AIST, Japan), some putative cis-acting 
regulatory transcription factors were identified within 
this region, such as a tinman homeodomain factor 
(Nkx-2), lymphocyte enhancer factor-1 (LEF-1), c-Ets-2 
(v-ets erythroblastosis virus E26 oncogene homolog 2), 
heat shock factor (HSTF) and so on.  
 

 
Fig. 6 Effects of SARS-CoV proteins on transcriptional activa-

tion of hfgl2 in CHO cells. pcDNA-N (1), pcDNA-M (2) 
or pcDNA-S2 (3) was co-transfected with hfgl2p 
(-1334)LUC in CHO cells for 40–44 h, and the cells were 
harvested for measurement of luciferase activity. Values 
are expressed as ±s of four separate experiments. 
*P<0.01 as compared with cells co-transfected with empty 
pcDNA3.1 vector (4)  

 

 
Fig. 7 Effects of SARS-CoV nucleocapsid protein on transcrip-

tional activation of a series of hfgl2 promoter in CHO 
cells. pcDNA-N was co-transfected with progressive 
deletions of hfgl2 promoter luciferase-reporter construc-
tions into CHO cells. The cells transfected with 
pGL2-Basic vectors served as control group. After 
transfection for 40–44 h, cells were harvested for meas-
urement of relative luciferase activity 

 
3 DISCUSSION 
 

Since severe acute respiratory syndrome broke out 
in November 2002, of more than 8422 patients who con-
tracted this highly infectious disease, 908 have died. 
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SARS-CoV has been confirmed as the pathogen. 
Post-mortem lung samples from 6 patients who died of 
SARS from April to July 2003 were studied. Morphol-
ogic changes are summarized as diffuse and bilateral 
lung consolidation and diffuse alveolar damage with 
hyaline membrane formation. Intra-alveolar edema/ 
hemorrhage, fibrin deposition, pneumocyte desquama-
tion was universal[21]. Diffuse alveolar damage and fibrin 
deposition in SARS prompt the study that the hfgl2 gene 
is expressed highly in SARS substitutive animal 
model[22]. Through this study we constructed three eu-
karyotic expression constructions of SARS-CoV proteins 
successfully and first confirmed that SARS-CoV N pro-
tein activated the expression of hfgl2 gene in vitro, 
which may partially explain the fibrin deposition and 
diffuse alveolar damage in SARS patients. 

The results in this study demonstrated that the nu-
cleocapsid protein of SARS induced transcription of 
hfgl2. Fgl2 prothrombinase has been cloned and identi-
fied to belong to fibrinogen proteins family. It has been 
shown to have the attributes of a serine protease capable 
of directly cleaving prothrombin to thrombin therefore 
leading to fibrin deposition. Previous work demonstrates 
mfgl2/ hfgl2 expressed in the liver plays a pivotal role in 
the pathogenesis of experimental and human hepatic 
failure (FHF)[11-18]. The nucleocapsid protein of mouse 
hepatitis virus 3 (MHV-3) induced transcription of mfgl2 
and host hepatic nuclear factor 4α as a key transcription 
factor participated in the regulation of mfgl2 gene ex-
pression[14, 23]. Interestingly, both MHV-3 (inducing the 
mfgl2 expression in Balb/cJ mouse) and SARS-CoV (the 
pathogen of SARS) belong to coronavirus family. The 
nucleocapsid proteins of both viruses identified can in-
duce the hfgl2/mfgl2 expression.  

The SARS-CoV nucleocapsid (N) protein is a 46 
kD structural protein, and was demonstrated to activate 
other host genes. Besides its nucleocapsid assembly dur-
ing the viral life cycle, the N protein has also been re-
ported to activate the activator protein 1 (AP1) signal 
transduction pathway and induce apoptosis in COS-1 
cells in the absence of growth factors[24, 25]. Other results 
showed that the SARS-CoV N protein can significantly 
activate NF-κB only in Vero E6 cells, which are suscep-
tible to SARS-CoV infection, but not in Vero or HeLa 
cells[7]. Yan et al[8] investigated the roles of SARS-CoV 
proteins in regulation of the proinflammatory factor,  
and cyclooxygenase-2 (COX-2). SARS-CoV N protein 
was demonstrated to regulate the COX-2 gene expression. 
Electrophoretic mobility shift assay (EMSA) and chro-
matin immunoprecipitation (ChIP) demonstrated that 
SARS-CoV N protein bound directly to a NF-kappaB 
binding site and a CCAAT/enhancer binding protein 
(C/EBP) binding site. Protein mutation analysis revealed 
that a Lys-rich motif of N protein acted as a nuclear lo-
calization signal, and was essential for the activation of 
COX-2. Surjit et al[10] showed that a short serine-rich 
stretch, a putative bipartite nuclear localization signal 
and self association through a C-terminal 209 amino acid 
interaction domain characterize this protein. These stud-
ies suggested that SARS-CoV N protein could enter the 
nuclear and affect host genes. Our results confirmed that 
N protein of SARS-CoV activated the hfgl2 mRNA and 
protein expression, and mapping of hfgl2 promoter assay 

found the important regulation region, –817 to –417 
(relative to transcription start site) in response to N pro-
tein. Further researches are undergoing in our laboratory 
to study the molecular interaction between virus proteins 
and the hfgl2 promoter.  

Mapping of the promoter of hfgl2 gene determined 
the important regulatory region in the promoter from 
–817 to –417 (relative to transcription start site), and 
bioinformatics software provided the some positive 
cis-acting regulatory transcription factors binding sites. 
At present, we have not determined the precise 
cis-element(s) that are necessary for transcription. How-
ever, we have found some putative cis-elements such as 
HSTF, LEF and cEts and so on in the regulatory region. 
Studies now ongoing will firmly define relevant elements 
necessary for hfgl2 transcription.  

Although data showed that other proteins of 
SARS-CoV besides N protein were involved in the gene 
expression regulation and mechanism of apoptosis, our 
study showed that neither M nor S2 protein of 
SARS-CoV had effects on the expression of hfgl2 
prothrombinase. It was recently shown that the 7a protein 
of SARS-CoV induced biochemical changes associated 
with apoptosis. Data indicate that the induction of apop-
tosis by the 7a protein may be related to its ability to 
inhibit cellular translation and activate p38 MAPK[25]. 
SARS-CoV 3a and 7a proteins-induced apoptosis in 
mammalian cells was confirmed, and membrane protein 
was currently identified to accelerate the induction of 
apoptosis in insect cells[26].  

In conclusion, three viral structural proteins, M, N 
and S2 protein of SARS-CoV were expressed success-
fully in vitro using the eukaryotic expression construc-
tions. Through real-time fluorescence quantitative 
RT-PCR and Western blot, we demonstrated up-regu-
lated hfgl2 gene expression in response to N protein but 
not to M and S2 proteins. Luciferase assay suggested the 
N protein can activate the transcription of hfgl2 gene. 
Mapping of the promoter of hfgl2 gene determined the 
important regulatory region in the promoter from –817 to 
–417 (relative to transcription start site) and some im-
portant putative cis-elements, such as HSTF, LEF-1, 
c-ETS-2 and so on. This indicates that the SARS-CoV N 
protein may be involved in the pathogenesis of SARS, 
and this finding can be used in the development of 
therapeutics of SARS. 
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