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Abstract—Proteomic analysis is a powerful technology to 
enhance our insight into the pathogenesis, biomarkers and 
prevention of disease. Two-dimensional polyacrylamide gel 
electrophoresis (2-DE) is an important proteomics tool, 
where thousands of protein spots can be visualized, 
resulting in a global view of the state of a proteome. Viral 
infection will modify the patterns of host cell protein 
expression, which can affect the normal physiological 
function of host cell and determine viral pathogenic 
progress and consequence. To uncover host cellular 
responses in the early stage of classical swine fever virus 
infection, a proteomic analysis was conducted using 2DE 
followed by MALDI-TOF-TOF identification. Altered 
expression of 21 protein spots in infected pk-15 cells at 24 h 
p.i. were identified in 2D gels, with 13 of these being 
characterized by MALDI-TOF-MS/MS. These proteins 
function in cytoskeletal, energy metabolism, nucleic 
acid/processing, and cellular stress. The expression 
alteration of these proteins presents the changes in 
physiological functions of host cells and provides a clue for 
further understanding of the mechanisms of CSFV 
infection and pathogenesis.   
 

Index Terms-Classical swine fever virus, 2-DE, Proteome, 
viral pathogenesis   

Ⅰ.  INTRDUCTION 

Proteomic analysis is a powerful technology to 
enhance our insight into the pathogenesis, biomarkers 
and prevention of disease[1]. Two-dimensional 
polyacrylamide gel electrophoresis (2-DE) is an 
important proteomics tool, where thousands of protein 
spots can be visualized, resulting in a global view of the 
state of a proteome. By comparing the 2-D spot patterns 

from different samples, changes in individual proteins 
can be detected and quantified. This allows identification 
of protein markers that are characteristic of a specific 
physiological or pathological state of a cell or tissue [2].  
  Viral invasion will modify the patterns of host cell 
protein expression, which may affect the normal 
physiological function of host cell and determines viral 
pathogenic progress and consequence. Therefor, studies 
on viral infections proteomics contributes to uncover the 
mechanism of interaction between virus and host and 
viral molecular pathogenesis. In this study, a proteomic 
approach of 2-dimensional polyacrylamide gel 
electrophoresis (2-DE) was used to comparing protein 
expression patterns of normal and Classical swine fever 
virus (CSFV) infected cells, and obtained exclusive 
information about how host cells respond to CSFV 
infection. 

CSFV is a small, enveloped virus belonging to the 
genus Pestivirus within the family Flaviviridae[3]. CSFV 
genome is a single positive-stranded RNA about 12.5 kb 
in length, with a single large open reading frame 
encoding a polyprotein that is cleaved into into 12 known 
proteins by cellular and viral proteases[4]. 

CSFV causes classical swine fever (CSF) that is a 
highly contagious swine disease characterized by fever, 
leukopenia, and hemorrhage. CSF is a notifiable one of 
the World Organization for Animal Health (OIE), 
usually results in high morbidity and mortality of 
infected swine and leads to substantial economic losses 
to the pig industry worldwide. Diseased animals show 
fever, anorexia, diarrhoea and haemorrhages in the skin, 
mucosa and internal organs [5,6]. During acute CSF, pigs 
show general immunosuppression featuring a dramatic 
decrease of peripheral B- and T-cells [7,8]. Moreover, 
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granulocytopenia and induction of apoptosis of bone 
marrow haematopoietic cells were observed [9].  

Some studies have attributed immune cell apoptosis or 
death to cytokines released from 
monocytes/macrophages activated by CSFV 
infection[10,11]. Bensaude et al. have shown that 
proinflammatory induced by CSFV infection disrupt the 
haemostatic balance and lead to the coagulation and 
thrombosis seen in acute disease[12]. Apart from these, 
other factor that contribute to the pathogenesis and 
progression of CSF is little known.  

To furthly uncover the pathogenesis of CSFV, we 
analysed proteomic alteration in CSFV-infected PK-15 
cells at 24 h p.i.. A total of 13 differentially expressed 
proteins have been identified. These differentially 
expressed proteins reflect changes in physiological 
functions of host cells and posses rich information 
concerning CSFV pathogenesis.    

Ⅱ. MATERIAL AND METHODS 

A. CSFV Infection and Detection of Infected PK-15 
Cells 

Monolayers of PK-15 cells were infected with blood 
stock of the CSFV strain Shimen (106.9 TCID50/mL) at an 
input multiplicity of about 2 TCID50/cell. At 24 h p.i., 
cells were washed with PBS, fixed with 80% cold 
acetone in PBS at -20ºC for 30 min and washed again 
with PBS. The cells were then incubated with pig 
anti-CSFV hyperimmune serum at 37 ºC for 1 h, washed 
four times with PBST (0.5% Tween-20 in PBS, pH7.4), 
and further incubated with rabbit anti-pig IgG conjugated 
with fluorescein isothocyanate (FITC; Sigma) at 37ºC 
for 1 h in the dark. After four washes with PBST, CSFV 
infection of PK-15 cells were confirmed by fluorescence 
microscopy.  

B. Sample Preparation for 2-DE  
The culture media were removed and infected cell 

monolayers were harvested by addition of lysing solution 
(8 M urea, 4% CHAPS, 40mM Tris, 0.5% IPG 
buffer).Uninfected control PK-15 cells were treated in 
parallel in the same way. Protein concentration was 
measured with the Coomassie Plus-The Better 
BradfordTM Assay Kit (Amersham Biosciences, USA).  

C. 2-DE 
2-DE was performed using precast IPG strips [pH 

3–10 NL (non-linear), 17 cm length; Bio-Rad, USA] in 
the first dimension (IEF). The IPG strips were rehydrated 
with 350 µL rehydration buffer (8 M urea, 2% CHAPS, 
18 mM DTT, 0.5% IPG buffer pH 3–11 NL, and minute 

amounts of bromophenol blue) containing of protein 
samples 150 µg for silver stain, 700 µg for CBB stain. 
Active rehydration was achieved by applying 50 V for 16 
h. IEF was carried out at 20℃ in the Protean IEF Cell 
(Bio-Rad, USA), with the current limited to 50 mA/strip 
and voltage program as: 250 V constant for 1 h,500 V 
constant for 1 h, 1000 V constant for 1 h, linear ramp to 
8000 V over 1 h, then 8000 V constant for a total of 80 
000 Vh. After IEF, the IPG strips were equilibrated by 
soaking first for 15 min in 50 mM Tris-HCl, pH 8.8, 6 M 
urea, 2% SDS, 30% glycerol, 2% w/v DTT and a trace of 
bromophenol blue, then for 15 min in the same solution, 
but containing 2.5% w/v iodoacetamide instead of DTT. 
The second dimensional separation was performed using 
12.5% homogeneous SDS polyacrylamide gels.  

D. Gel Staining 
The gels were fixed in 50% methanol and 5% acetic 

acid in water for 30 min, and then washed in water for 1 
hour and incubated in 0.02% sodium thiosulfate solution 
for 2 min. After washing twice in water for 10 sec each, 
the gels were stained in 0.1% silver nitrate solution for 
30 min. Color development was allowed for 15 min in 
2% sodium carbonate/ 0.04% formaldehyde. EDTA 
(1.46%) was used to stop the development and the 
stained gels were washed 3 times in water for 3 min each. 
CBB (G250, sigma, USA) staining was followed the 
procedure reported by Mathesius et al.[13].  

E. Image Acquisition And Analysis 
The silver stained gels were scanned in an 

ImageScanner (Amersham Biosciences, USA) operated 
by the LabScan 3.00 software (Amersham Biosciences, 
USA). Image analysis was carried out using PDQuestTM 
software 7.1(Bio-Rad, USA). Image spots were initially 
detected, matched and then manually edited. Intensity 
levels of the spots were normalized by expressing the 
intensity of each protein spot in a 2- DE gel as a 
proportion of the total protein intensity detected for the 
entire gel. Normalized protein spot volume (area x stain 
intensity) was calculated for each gel and used for 
statistical calculation of protein expression level, with 
the resulting spot volume percentage being used for 
comparison. Student’s t-test was performed for relative 
comparison of intensities between CSFV-infected and 
control groups at 24 h p.i. Only spots with 
infected/uninfected expression intensity ratios of >1.5 or 
<0.67 were selected as showing significant alteration (p 
≤ 0.05) for analysis by mass spectrometry.  

F. Protein Identification  
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Protein spots of interest were excised and transferred 
into 1.5 mL Eppendorf tubes. Spots were destained twice 
for 30 min at 37 ℃ with 200 mM NH4HCO3/40% 
acetonitrile (ACN) and dehydrated for 5 min in pure 
ACN. Then, spots were rehydrated with 25 mM 
NH4HCO3 for 5 min and dehydrated again for 10 min in 
pure ACN. The last rehydration and dehydration step 
was repeated 3 times, following which the gel plugs were 
dried in a SpeedVac, then rehydrated in a minimal 
volume of trypsin solution (10 µg/mL in 25 mM 
NH4HCO3) and incubated at 37ºC overnight. Each 
supernatant was processed for MALDI-TOF-MS/MS 
analysis by direct application onto the sample plate with 
equal amounts of matrix. If necessary, the in-gel digests 
were extracted subsequently with 50% and 80% ACN, 
and then concentrated and desalted by ZipTips (Millipore, 
Bedford, MA, USA) prior to application on the sample 
plate. Peptides of each sample were analyzed in a 4700 
Proteomics Station (Applied Biosystems, USA) in 
automatic mode. Samples were analyzed in the m/z range 
800 to 4000, with an accelerating voltage of 20 kV. The 
parent ions with high intensity were selected and 
fragmented using CID. Spectra were internally calibrated 
with peptides from trypsin autolysis. Proteins were 
identified by peptide mass fingerprint (PMF) and 
confirmed by MS/MS analysis of two peptides in each 
sample. GPS Explore software (Applied Biosystems, 
USA) based on MASCOT searching engine 
(Matrixscience, UK) was used for protein identification 
in the NCBI non-redundant mammalian database. A 
maximum of one missed cleavage per peptide was 
allowed, a mass tolerance of 0.3 Da, and MS/MS 
tolerance of 0.4 Da were used. Protein identifications 
with a score value over 60 were positively assigned. 

Ⅲ.  RESULT 

A. CSFV Infection in PK-15 Cells 
Since CSFV does not produce cytopathologic effects 

(CPE) in PK-15 cells, viral infection was confirmed by 
detection of CSFV antigen using IFA at 24 h p.i.. The 
results showed intense green staining in CSFV-infected 
PK-15 cells (see figure 1), while the mock controls 
showed a negative result, which indicated that CSFV 
infection in PK-15 cells was successful. Thereby, these 
cells were used for proteomic analysis. 

B. Protein Expression Profile of CSFV-infected And 
Uninfected PK-15 cell  

Protein profiles of CSFV-infected and uninfected 
PK-15 cells were analyzed by 2-DE with 150 μg protein 

loaded on each gel strip. To minimize inter-gel and 
inter-samples variation, 2 repeats of independent sample 
preparations and 2 repeats of independent 2-DE were 
performed under identical conditions. All gels provided 
high resolution in the separation of proteins, with each 
showing more than 1300 protein spots (see figure 2). On 
the stained gels, protein spot volume comparisons were 
made between infected and uninfected cell samples with 
the assistance of PDQuestTM software. A total 21 protein 
spots with at least 1.5-fold quantitative alteration (t test p 
<0.05) in CSFV-infected and uninfected PK-15 cells 
were identified on 2D gels at 24 h p.i.. A magnified 
comparison of the differentially expressed protein pattern 
of two spots ( ssp 4218 and ssp 4124) is shown in Fig. 
2C.   

C. Identification of Differentially Expressed 
Proteins  

Protein spots with at least a 1.5-fold alteration 
(increase or decrease) were cut out and subjected to 
MALDI-TOF-MS/MS analysis. Of 21 differentially 
expressed protein spots identified above, 13 were 
unambiguously identified by their PMF and peptide 
sequences in the NCBInr database. The remaining 8 
proteins spots were not identified successfully, either 
because the quantity was too low to produce a good 
spectrum or because the confidence of database 
searching through PMF or the data from MS/MS were 
insufficient to yield unambiguous results.   

Ⅳ. DISCUSSION 

Proteomic analysis has provided a key approach to 
understand the molecular mechanisms of how the host 
reaction to viral invasion is associated with viral 
pathogenesis. Proteomic methods has revolutionized our 
ability to assess protein interactions and cellular changes 
on a global scale, allowing the discovery of previously 
unknown connections. Virus-induced changes in the 
cellular proteome may be assessed by comparing protein 
profiles before and after viral infection by two general 
approaches: 2D gel electrophoresis and quantitative mass 
spectrometry techniques. 2D gel methods also enable the 
detection of altered forms of a protein, including 
posttranslational modifications, which could have major 
effects on the function of the cellular protein. 2D gel 
electrophoresis has been used to determine changes in 
the cellular proteome upon infection by some different 
viruses, where protein spots that differ before and after 
infection are excised and identified by mass spectrometry 
[14].
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 Figrue 1. Detection of CSFV-infected PK-15 cells with indirect immune fluorescent staining at 24 h p.i.. Monolayers of 

PK-15 cells were infected with blood stock of the CSFV strain Shimen (106.9 TCID50/mL) at an input multiplicity of about 2 

TCID50/cell，after incubated for 24 h at 37 , the CSFV infection was confirmed by detection of CSFV antigen using ℃

indirected immunofluorescence method. Each image is a representative of one of three independent experiments. Images 
were taken with an original magnification of 200×. 
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Figrue 2. Representative high resolution 2-DE images showing protein spots expressed in control (A) and CSFV-infected 
(B) PK-15 cells at 24 h p.i. .More than 1300 spots were detected in each gel. Equal amounts of total protein (150 µg) from 
infected and uninfected PK-15 cell lysates were resolved by 2DE. The protein spots were visualized by silver staining. (C) 
Magnified comparison maps of protein spots(ssp 4218 and ssp 4124) with arrow in above 2-DE gels. (MM, molecular mass; 
kDa, kilodalton)  
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TABLE 1. PROTEINS SHOWING AT LEAST 1.5-FOLD QUANTITATIVE DIFFERENCES IN EXPRESSION INCSFV-INFECTED  
PK-15 CELLS BY 2-DE ANALYSIS 

 

Protein description GI no. 
Pep. 
hitsa 

Unique 
Pep.b 

Functionc Ratio valued 

Cytoskeletal protein      

Beta-actin gi|14250401 16 12 involved in various types of cell motility 0.39 

Keratin,type II cytoskeletal 1 gi|1346343 17 13 Intermediate filament family 0.46 

Metabolic enzyme      

Bovine heart cytochrome c oxidase subunit  gi|40889866 8 4 energy metabolism 0.38 

Isocitrate dehydrogenase [NAD+] subunit alpha gi|18250284 21 13 energy metabolism 1.92 

Stress Protein       

Thioredoxin 1 gi|6755911 9 5 disulfide reductase activity 1.79 

Putative 42-9-9 protein gi|15216177 7 4 disulfide reductase activity  3.94 

Peroxiredoxin 3  gi|2507170 8 4 redox regulation 0.64 

Heat shock protein 27 gi|55926209 13 7 molecular chaperoning, stress response 0.2 

nucleic acid /protein processing      

Splicing factor, arginine/serine-rich 3 gi|28629815 7 4 RNA processing  0.35 

Translational elongation factor 1 delta gi|33333168 26 15 translational elongation 5.32 

CIP29 protein gi|62202489 11 6 nucleic acids metabolism, cell growth  0.19 

ERp57  gi|62549200 8 4 protein disulfide isomerase family 4.67 

Peptidylprolyl isomerase  gi|108463 7 4 accelerate protein folding  0.4 

 
a) The total number of peptides identified for the listed protein based on the MS/MS data acquired and the MASCOT searching criteria. b) The 
number of peptides for the given protein that have a unique amino acid sequence and is a subset of the total number of peptides identified. c) Protein 
function was retrieved from the Swiss-Prot and GenBank databases or relevant references. d) Levels of protein expression in infected cells to that of 
uninfected cells. 

 
Mass spectrometric methods and automation of a large 

part of the process including robotics application have 
continued to improve dramatically in recent years, 
allowing both increased sensitivity and higher 
throughput. Improved software and databases containing 
different species genes—known or putative—are also 
now available, allowing automated data processing of the 
large volume of acquired mass spectra[15].  

In present study, we have provided proteomic profile 
of host cells (PK-15) in early stage of CSFV infection. 
To identify unambiguous differences in all infected 
PK-15 cells and to ensure reliability of the proteomic 
data, two independent experiment including sample 
preparation and 2-DE were conducted. Each gel was 
loaded with a sample from a bottle of independent 
infected cells or control cells, and only spots that were: (i) 
consistently up- or down-expressed, or consistently 
present or absent in all 6 gels of infected or control cells; 
and (ii) with an alteration (infected/control) of ≥ 1.5 fold, 

with a value in Student’s t-test of p ≤ 0.05, were selected 
for further MALDI-TOF-MS/MS analysis. In this 
manner, of 21 protein spots, 13 differentially expressed 
proteins were identified by MALDI-TOF-TOF. These 
identified proteins play crucial roles involving in 
cytoskeletal, cellular metabolism, cellular stress and 
nucleic acid /protein processing (Table 1). Their function 
in response to CSFV infection may be as follows.    

In the infected PK-15 cells, 2 cytoskeletal proteins of 
beta-actin and keratin are remarkably decreased (Table 1), 
which may result cytoskeletal remodeling. Studies 
demonstrated that various viruses manipulated and 
utilized the host cytoskeleton to achieve its infectious life 
cycle [16,17]. Thereby, change of two cytoskeletal proteins 
implicated that CSFV may also manipulated cytoskeletal 
network of target cells to facilitate its replication cycles.    
  Among of two differentially expressed energy 
metabolic enzymes, Cytochrome c oxidase is the 
rate-limiting step of the mitochondrial electron transport 
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chain and represents a molecular switch that induces 
apoptosis under energy stress conditions [18]. Decreased 
cytochrome c oxidase subunit I expression correlated 
with apoptosis resistance in the nonneoplastic mucosa of 
patients with colon cancer [19]. Downregulation of bovine 
heart cytochrome c oxidase subunit I in CSFV-infected 
PK-15 cells may contribute to improving cell apoptosis 
resistance. The other metabolic enzyme of isocitrate 
dehydrogenase [NAD+] subunit alpha catalyzes the 
oxidation of isocitrate to alpha-ketoglutarate in the citric 
acid cycle, its upregulation may be the result of host cells 
energy stress induced by CSFV infection.   

In infected samples, four stess proteins were alterd in 
expression level. Two thioredoxins of putative 42-9-9 
protein and thioredoxin 1 were increased. Thioredoxins 
can scaveng reactive oxygen species (ROS) both in vivo 
and in vitro. It has been reported that Thioredoxin 
1reduces disulfide bonds and thus regulates the activity 
of transcriptional factors, such as AP-1, NF-κB, and p53 
and overexpression of Trx-1 inhibits apoptosis and 
enhances cell growth[20]. Therefor, upregulation of two 
thioredoxins may contribute to PK-15 cell persistent 
growth, other than apoptosis. Contrary to which, the 
other two stress proteins of peroxiredoxin 3(Prdx3) and 
heat shock protein 27 (HSP27) were downregulated. 
Prdx3 is a thioredoxin-dependent peroxide reductase, 
which was shown to be able to protect against both 
oxidative and nitrosative stress. Its overexpression 
contributes to resistance to the increase in H2O2 and 
apoptosis caused by hypoxia [21]. HSP27 is a 
stress-inducible ubiquitous cellular protein and is 
involved in thermotolerance, cellular proliferation and 
apoptosis, and molecular chaperoning. It has been found 
to be up-regulated during certain viral infections. 
Downregulation of these two stress proteins and 
upregulation of two thioredoxins may be a specific 
mechanism of CSFV directing host cells counteracting 
oxidative stress.     

Significantly, translational elongation factor 1 delta 
(EF-1δ) was remarkable upregulated in infected samples. 
Reports have shown that host eukaryotic translation 
elongation factors interact with several viral protein or 
RNA and played critical role in viral replication and 
pathogenesis, such as West Nile virus[22], dengue 4 virus 
[23], hepatitis C virus[24] and bovine viral diarrhea virus 
(BVDV) [25]. These viruses belong family Flaviviridae, 
specifically, CSFV and BVDV belong to the genus 
Pestivirus, having extremely similar genomic 
organization and patterns of replication and assembly as 
well as cross-antigenicity. Therefore, up-regulation of 

EF-1δ in earlier period of CSFV infection implicates that 
it may be recruited by the viral replication machinery for 
CSFV mRNA translation and protein synthesis in a 
similar way as BVDV does.  

CIP29 (Hcc-1), a apoptosis-relevant proteins, is 
involved in nucleic acid metabolism, cell growth 
regulation and induction of apoptosis. CIP29 has 
multiple functions in regulation of cell fate and appears 
to inhibit cell proliferation by inducing G2/M arrest or by 
inducing apoptosis without arresting cells in G2/M [26,27]. 
A large decrease in CIP29 expression in CSFV-infected 
cells (5.2-fold downregulation) may contribute to the 
survival of infected cells and to viral persistence, which 
is in agreement with the observation that CSFV does not 
cause cytopathic effect or cell death of PK-15 cells 
during infection. 

ERp57 is a member of endoplasmic reticulum 
chaperone proteins, catalyzes the rearrangement of -S-S- 
bonds in proteins and functions in endoplasmic reticulum 
quality control of newly synthesized proteins. It has been 
also report that ERp57 facilitates polyomavirus infection 
[28]. Upregulation of this protein in CSFV-infected 
samples might be related to an increase in protein 
synthesis or to a mechanism to refold/renature the 
misfolded/denatured proteins resulting by oxidative and 
cellular stress.   

In summary, the present study provides proteomic 
profile of host cell in the early stage of CSFV infection 
by using proteomic approach of 2-DE and MS 
identification. Although the roles of altered host protein 
expression in viral replication and pathogenesis are not 
given and there are no data showing specific proteins 
associated with a viral infection, with the help of 
functional analysis of host proteins the proteomic 
analysis will be able to identify those proteins or specific 
biomarkers associated with viral replication and 
pathogenesis. This work has provided an essential basis 
for further understanding of the pathogenesis of CSFV 
and the development of new methods for the diagnosis 
and therapy of CSF infection.  
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