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 The non-structural protein (nsp) 8 of the porcine epidemic diarrhea virus (PEDV) is highly 
stable across different PEDV strains and plays an important role in PEDV virulence. In current 
study, nsp8 prokaryotic expression vectors were constructed based on parental vectors pMAL-
c2x-maltose binding protein (MBP) and pET-28a (+). Subsequently, the optimization of 
expression conditions in Escherichia coli, including induced temperature, time and isopropyl β-
D-thiogalactopyranoside concentration were performed to obtain a stable expression of MBP-
nsp8 and nsp8. The nsp8 fused with MBP increased the water solubility of the expressed 
products. Target proteins were further purified from E. coli culture and their immunogenicities 
were evaluated in vivo by mice. The antibody titers of serum from nsp8 immunized mice were 
up to 1:7,750,000 when measured by indirect enzyme-linked immunosorbent assay; 
meanwhile, the mice immunized with MBP-nsp8 gave an antibody titer reaching 1:1,000,000. In 
all, the expression and purification system of PEDV nsp8 and MBP-nsp8 were successfully 
established in this work and a strong immune response was elicited in mice by both purified 
nsp8 and MBP-nsp8, providing a basis for the study of the structure and function of PEDV nsp8.  

© 2024 Urmia University. All rights reserved. 
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Introduction 
 

The porcine epidemic diarrhea virus (PEDV) is a 
causative agent of porcine epidemic diarrhea (PED) which 
is a highly infectious disease for pigs. This porcine 
intestinal pathogenic coronavirus causes vomiting and 
dehydration as well as severe diarrhea and high mortality 
rates in piglets. In this way, significant economic losses are 
inevitable,1-3 especially, for centuries of swine-farming 
nations threatened by PEDV infection in Asia, Europe and 
North America.4-6 The PEDV is an enveloped, positive-
sense and single-stranded RNA virus belonging to the 
genus Alphacoronavirus, subfamily Coronavirinae, family 
Coronaviridae and order Nidovirales.7 The genome of this 
virus is approximately 28.00 kb and contains two 
overlapping non-structural poly-proteins (nsp) open 
reading frames (ORFs) 1a and b next to 5’ untranslated 
region; ORF1a produces replicase poly-protein 1 and 
ORF1b extends replicase poly-protein 1a into poly-protein 
1ab. Both poly-proteins are cleaved and mature into nsp1-
16 during virus replication.8-10 

  

 Since 2010, PED has significantly damaged farming 
industry of the People of Republic China. Although it is 
wildly accepted that vaccination is the most effective way 
to prevent infectious disease, none of the currently 
available PED vaccines can provide complete immune 
protection for piglets11-13 and advanced vaccine products 
and vaccination protocols are long-awaited by the 
market.14 Despite, the spike protein has received the major 
attention in the development of coronavirus vaccines and 
studies showed that specific mutations in some non-
structural proteins of coronaviruses significantly 
attenuated the virus virulence,15-22 indicating an important 
role of these non-structural proteins in the virulence. 

The nsp8, a highly conserved non-structural protein in 
coronaviruses, functions as an RNA-dependent RNA 
polymerase (Rd Rp) co-factor, which plays an important 
role in viral genome replication.23 To complete trans-
cription and replication functions of the viral genome, 
coronaviruses need a large amount of nsps to package into 
complete enzyme complexes among which the nsp12/ 
nsp7/nsp8 sub-complex is considered to be the smallest 
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core component mediating coronavirus RNA 
synthesis.10,24,25 Exposure of the N-terminal amino acid 
residues of nsp8 is essential for the function of the 
nsp12/nsp7/nsp8 complex and further stimulating of its 
RNA polymerase activity.26 Studies of nsp8 have shown 
that nsp8 functions to bind to 5′-(G/U) CC-3′ on the RNA 
template to initiate the synthesis of complementary 
oligonucleotides and it was speculated to have secondary 
Rd Rp activity.27 By reducing the activity of interferon 
(IFN) regulatory factor 1 promoters, PEDV nsp8 inhibits 
type III IFN activity and promotes viral proliferation.28 
Considering crucial function and conservative property of 
nsp8, it may be new outstanding PEDV protein for PED 
prophylaxis and diagnosis. 

In this study, nsp8 was successfully expressed and 
purified from Escherichia coli BL21 (DE3) and it was 
capable to induce high antibody titers in immunized mice. 
The described system in this work would provide potential 
product for the development of PEDV diagnostic kit. 
 
Materials and Methods  
 

Plasmid, virus and animals. Prokaryotic expression 
vector pMAL-c2x-maltose binding protein (MBP) and pET-
28 a (+) was purchased from EMD Biosciences (Novagen, 
Beijing, China). The MBP tag protein is 40.00 kDa in size. 
The MBP fusion protein vector has the advantages of high 
expression efficiency and easy purification. The competent 
cells E. coli DH5α and E. coli BL21 (DE3) were purchased 
from Shanghai Weidi Biotechnology (Weidi, Shanghai, 
China). The PEDV CV777 attenuated strain (Accession No. 
KT323979.1) was obtained from Harbin Weike Bio-
technology Development Company (Weike, Harbin, China). 
The 6-week-old female Kunming mice were purchased 
from Jiangxi University of Traditional Chinese Medicine, 
Nanchang, China. Jiangxi Agricultural University's Animal 
Care and User Committee, as well as Laboratory Animal 
Ethics Committee gave their approval for the mouse 
research, which was carried out under accordance with 
their approvals (Reference Number: JXAC20180046). 

PEDV nsp8 bioinformatics analysis. The hydro-
phobicity of PEDV nsp8 was estimated using the Protscale 
computer program (https://web.expasy.org/protscale/). 
The predictor of Bepipred was employed to forecast PEDV 
nsp8 immune epitopes on the Immune Epitope Database 
and Analysis Resource Website (http://tools.immune- 
epitope.org/main/). The Swiss-Model (https://swis-
smodel.expasy.org/) was used to create the putative three-
dimension (3D) of the PEDV nsp8. 

Main reagents. An RNA extraction kit was purchased 
from Vazyme Biotech Co., Ltd (Nanjing, China). The 15 kb 
DNA Marker, EcoR I, Sal I endonuclease, PrimeScript First 
Strand cDNA Synthesis Kit, Taq DNA polymerase and T4 
DNA ligase were provided from Takara Bio Inc., Kusatsu, 
Japan. A plasmid extraction kit was obtained from Tiangen 
 

 Biotech Co. (Beijing, China). The supplier of urea was 
Xilong Chemical Co., Ltd (Guangzhou, China). The 
following items were bought from TransGen Biotech 
(Beijing, China): 14.00 - 100 kDa Protein Marker, 10.00 - 
180 kDa Protein Marker and 5.00% sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
loading buffer. The Millipore of Sigma-Aldrich Company 
(St. Louis, USA) supplied the polyvinylidene difluoride 
(PVDF) membrane. Proteintech Group supplied 6×His-Tag 
monoclonal antibodies, MBP rabbit polyclonal antibodies, 
horseradish peroxidase (HRP) and goat anti-mouse 
immunoglobulin G (IgG). An enzyme-linked 
immunosorbent assay (ELISA) kit was acquired from 
Huamei Biological Engineering Co., Ltd (Wuhan, China). 
Nickel aminotriacetate (Ni-NTA) agarose was purchased 
from QIAGEN (Hilden, Germany). Thermo Fisher Scientific 
(Waltham, USA) was the source for the acquisition of 
Freund's full and incomplete adjuvants. 

Plasmid construction. Total RNA of PEDV was extracted 
from PEDV-infected Vero cells using a total RNA extraction 
reagent (Vazyme) according to the manufacturer's 
instructions and then, reverse transcribed into cDNA. The 
nsp8 gene was amplified with specific nsp8 primers (5’- 
CCGGA ATTCATGCCGAGCTATGTGATCT-3’ and 5’- 
ACGCGTCGACT CAGTGGTGGTGGTG-3’) of the PEDV strain 
CV777 (Accession No. KT323979.1) and subsequently 
inserted into the pMAL-c2x-MBP and pET-28a (+) vectors. 
The inserted gene fragments of the plasmid were verified 
through sequencing for the following operation. 

Expression and purification of recombinant protein. 
Escherichia coli BL21 (DE3) was transformed with the 
recombinant plasmids pMAL-c2x-MBP-nsp8 and pET-28a 
(+)-nsp8 separately and induced to express the protein 
with different induction time points and concentrations of 
isopropyl β-D-thiogalactopyranoside (IPTG) 
supplementary under different cultural temperatures. The 
protein expression levels were measured by 12.00% SDS-
PAGE. The cells were then lysed and the supernatant was 
collected and run through a Ni-NTA affinity column to 
purify the proteins. The purified proteins were eluted 
using buffers with varying imidazole concentrations. 
Aliquots were stored at – 80.00 ˚C for future use. 

Immunoblotting. The purified nsp8 was separated by 
12.00% SDS-PAGE and then, transferred to a PVDF 
membrane where it was detected using primary antibody. 
Afterward, the blocking steps were performed with 5.00% 
skim milk powder solution to prevent non-specific binding 
of antibodies to the membrane. The MBP-tag antibody, 
His-tag antibody and serum from immunized mice 
(primary antibody) were employed to recognize the target 
protein, followed by the use of secondary antibody goat 
anti-mouse IgG to bind to the primary antibody further to 
produce a signal by the conjugated enzyme HRP that can 
be visualized with the Clarity Electronics Components 
Laboratory System (Bio-Rad, Hercules, USA). 
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Mice immunization. The mice were divided into three 
groups including phosphate-buffered saline (PBS), nsp8 
and MBP-nsp8. Each group was given an intra-peritoneal 
injection of 40.00 µg of the purified nsp8 being formulated 
with complete Freund's adjuvant. Two weeks later, a 
second injection of the purified nsp8 being formulated 
with incomplete Freund's adjuvant was given followed by 
a third immunization two weeks later. Blood samples were 
taken weekly from the experimental mice. The PBS-
injected mice were used as a negative control. The mice 
physiological condition was monitored daily until six 
weeks after immunization. 

Recombinant protein-coated ELISA. Based on the 
operation instrument provided by the manufacturer, the 
ELISA plates were prepared by coating them with purified 
nsp8 in coating buffer overnight at 4.00 ˚C. The plates were 
then blocked with 5.00% skim milk for an hr at 37.00 ˚C 
and sera from immunized mice were added to the wells 
and incubated overnight at 4.00 ˚C. After washing, a goat 
anti-mouse HRP-conjugated IgG antibody was added and 
incubated for an hr at 37.00 ˚C, followed by the addition of 
3,3',5,5'-tetramethylbenzidine (TMB) and 2.00 M sulfuric 
acid (Huamei) to terminate the reaction. Finally, the 
absorbance of each well was measured at 450 nm using 
the Bio-Rad Microplate Reader. 

Statistical analysis. The data obtained from the ELISA 
were analyzed using GraphPad Prism (version 8.0; Graph-
Pad Software Inc., San Diego, USA). Statistical significance 
between two groups was evaluated using the student's t-
test. A p-value less than 0.05 was considered statistically 
significant for each test compared to the control. 

 
Results 
 

Prediction of hydrophobic, antigenic epitopes and 
3D structure of PEDV nsp8. The PEDV nsp8 was analyzed 
using Protscale, Bepipred and Swiss-Model to predict its 
linear hydrophobic properties, B cell epitopes and 3D 
structure, respectively. Protscale analysis revealed the 
existing of hydrophobic areas at amino acids 80 - 120 (Fig. 
1A). Through Bepipred analysis, seven possible B cell 
epitopes were peculated, being located in amino acid 
residues 9 to 28, 41 to 54, 65 to 74, 91 to 94, 128 to 134, 
148 to 171 and 185 to 192 (Fig. 1B and Table 1). These B 
cell antigen epitopes were depicted in the PEDV nsp8 3D 
structure modeled by Swiss researchers (Fig. 1C).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 These findings collectively suggested that the PEDV 
nsp8 might be able to elicit host immunological responses. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Predictions for the porcine epidemic diarrhea virus non-
structural protein (nsp) 8 hydrophobic domains, B cell antigenic 
epitopes and three-dimension (3D) structure. A) Protscale-based 
hydrophobic region prediction; B) BepiPred with a threshold 
value of 0.50 was used to predict the probable antigenic epitopes 
for B cells; C) The Swiss-model-predicted 3D structure of nsp8 
marked with antigenic epitopes. After 90.00-degree rotation of 
the left panel image, the right panel image was produced. 

 Table 1. The predicted B cell antigen epitope’s amino acid residues. 

No. Start End Peptide Length 

1 9 28 NARQQYEDAVNNGSPPQLVK 20 
2 41 54 FDREASTQRKLDRM 14 
3 65 74 EARAVNRKSK 10 
4 91 94 DMSS 4 
5 128 134 DSYNRIQ 7 
6 148 171 IIDIKDNDGKVVHVKEVTAQNAES 24 
7 185 192 KLQNNEIT 8 
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Construction of recombinant plasmid pMAL-c2x-
MBP-nsp8 and pET-28a (+)-nsp8. As shown in Fig. 2, 
PEDV cDNA was used as a template to design primers for 
polymerase chain reaction amplification. The 1.00% gel 
electrophoresis was used to identify the amplified 
fragment which showed the expected size of 618 bp (Fig. 
3A). The gel-recycling products were ligated to the 
prokaryotic expression vector pMAL-c2x-MBP after 
double digestion with EcoR I and Sal I, and the ligation 
product was transformed into E. coli competent cells 
DH5α. Double enzyme digestion with EcoR I and Sal I 
(37.00 ˚C, 1 hr) was used to identify the recombinant 
plasmids pMAL-c2x-MBP-nsp8 and pET-28a (+)-nsp8 
(Figs. 3B and 3C). The identified positive clone was sent 
for sequencing and verifying that it was indeed PEDV 
nsp8 sequence as expected. The results mentioned above 
confirmed that the recombinant expression vectors 
pMAL-c2x-MBP-nsp8 and pET-28a (+)-nsp8 were 
successfully constructed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 3. The inserted gene fragment verification using 1.00% 
gel electrophoresis. A) Verification of the size of amplified 
target fragment of non-structural protein (nsp) 8; B) Double 
digestion of pMAL-c2x-maltose binding protein-nsp8 using 
EcoR I and Sal I; C) Double digestion of pET-28a (+)-nsp8 
using EcoR I and Sal I. The red rectangles indicate nsp8. 

 
 
 

Fig. 2. Construction and verification of recombinant plasmid pMAL-c2x-maltose binding protein-non-structural protein (nsp) 8 and 
pET-28a (+)-nsp8. The position of nsp8 within the porcine epidemic diarrhea virus genome and construction strategy are shown in the 
schematic diagram. 
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Expression and purification of MBP-nsp8 and nsp8. 
For the purpose of protein expression, the recombinant 
plasmids pMAL-c2x-MBP-nsp8 and pET-28a (+)-nsp8 
were transformed into E. coli BL21 (DE3) and then, the 
IPTG concentration as well as cultivation time and 
temperature after induction were optimized. The relative 
molecular weights of MBP-nsp8 and nsp8 were 65.00 and 
28.00 kD, respectively. The results showed that the 
temperature, induction period and IPTG concentration 
that maximized MBP-nsp8 expression were 37.00 ˚C, 4 hr 
and 1.00 mM, respectively (Fig. 4A). The optimal condition 
of nsp8 expression was 4 hr at 37.00 ˚C, being induced 
with 0.10 mM IPTG supplementary (Figs. 4B and 4C). 
Results also indicated that MBP-nsp8 was found to be in a 
pellet and supernatant unlike nsp8 being only found in a 
pellet (Fig. 4D), showing that nsp8 was fused with MBP 
and increased the water solubility of the expressed 
products. Figure 5 shows that the MBP-nsp8 and nsp8 
were successfully purified through Ni-column and further 
eluted into 40.00 mM imidazole. The contents of MBP-
nsp8 and nsp8 in the elution fractions were analyzed using 
12.00% SDS-PAGE which also indicated the existence of 
few other proteins. To verify the purified proteins, 
  

 
 

 immunoblotting was performed using commercial MBP-
tag or His-tag antibodies (Figs. 6A and 6B). The results 
showed that two recombinant proteins produced by E. coli 
were detected with the expected size. 

Evaluation of nsp8 immunogenicity. To evaluate the 
immunogenicity of MBP-nsp8 and nsp8, 6-week-old 
female Kunming mice received MBP-nsp8 and nsp8 intra-
peritoneally. The PBS injection was considered as a 
negative control. Antibody titers of MBP-nsp8- and nsp8-
immunized mice were tested at different time points after 
immunization. The highest antibody titers (1:7,750,000 for 
nsp8 and 1:1,000,000 for MBP-nsp8) were observed in 
immunized mice on day 28 after immunization (Fig. 7). For 
confirming the specificity of the immune response, the 
sera were subjected to western blots. The results proved 
that sera from mice immunized with MBP-nsp8 and nsp8 
specifically recognized nsp8; whereas, nsp8 was not 
recognized in negative control group (Figs. 8A and 8B). 
The nsp8 in Vero cells infected with PEDV was detected by 
sera from mice immunized with nsp8 (Fig. 6C). Overall, 
these results indicated that nsp8 had strong immuno-
genicity and could be a potential target for the development 
of vaccines against PEDV and diagnostic products. 

 

Fig. 4. Expression and purification of maltose binding protein (MBP)-non-structural protein (nsp) 8 and nsp8. A) Optimization of MBP-
nsp8 expression conditions; B) Monitoring the nsp8 induction patterns throughout the course of 4 hr at 37.00 ˚C with various isopropyl β-
D-thiogalactopyranoside (IPTG) supplementary; C) Monitoring of nsp8 induction patterns with 0.10 mM IPTG induction at 37.00 ˚C 
throughout a range of time durations; D) The nsp8 expression in pellet. M: Marker; Pre-I: Pre-induction; Post-I: Post-induction; SN: 
Supernatant; FT: Flow through.  
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Fig. 5. A) The maltose binding protein (MBP)-non-structural 
protein (nsp) 8 content in 40.00 mM imidazole; B) The nsp8 
content in 40.00 mM imidazole. M: Marker; E1 - E14: Elution 
fraction from each number. The protein was eluted gradually at 
the concentration of 40.00 mmol mL-1 imidazole.  

 

 

 

 

 

 

 

 

 

 

 

Fig 6. A) The maltose binding protein (MBP)-non-structural 
protein (nsp) 8 was identified by MBP-tag antibody; B) The nsp8 
was identified by His-tag antibody. The electrophoresis of each 
gel was performed using 12.00% polyacrylamide gels; C) The 
result of western blots of porcine epidemic diarrhea virus 
(PEDV)-infected Vero cells with anti-nsp8 mice serum (1:7,000). 
M: Marker; IB: Immunoblotting.    

 

 

 

 

  
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Fig. 7. The antibody titers of maltose binding protein (MBP)-non-
structural protein (nsp) 8 and nsp8 in the serum of immunized 
mice were tested by enzyme-linked immunosorbent assay at the 
given time periods by the immunoglobulin G antibodies. 

 
 
 
 
 
 

 
 
 
Fig. 8. A) The result of western blots of purified non-
structural protein (nsp) 8 with anti-nsp8 mice serum that has 
been diluted (1:7,000); B) The result of western blots of 
purified maltose binding protein (MBP)-nsp8 with mice 
serum that has been diluted (1:7,000). Anti-phosphate-
buffered saline (PBS) mice serum was considered as a 
negative control. M: Marker. 

Discussion 
 

Partial deletions and substitutions of the S protein as 
well as mutations in non-structural proteins of PEDV are 
the main focus of recent research regarding PEDV 
virulence attenuation. It has been reported that at least 12 
PEDV structural and non-structural proteins (nsp1, nsp3, 
nsp5, nsp7, nsp8, nsp14, nsp15, nsp16, ORF3, E protein, M 
protein and N protein) inhibit cellular IFN immune 
responses,28-35 suggesting that mutations or deletions in 
these proteins potentially reduce PEDV virulence. These 
studies underlie the importance of exploring the 
immunogenicity and potential application of PEDV 
proteins mentioned above. 

The nsp8 is a crucial protein in the RNA replication and 
polymerase activity of PEDV and other coronaviruses. It 
forms a hexadecameric complex with nsp7, mediating the 
interaction of nucleic acids with nsp12 and further  
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forming the minimum RNA polymerase complex.36,37 The 
nsp8 can form complexes with nsp7 and nsp12, 
separately, and it only exhibits high RNA polymerase 
activity when mixed with nsp7 and nsp12 at the same 
temperature.38 It is worth to notice that inhibitors have 
been developed to target the Rd Rp of coronaviruses 
including SARS-CoV-2 for the purpose of preventing or 
reducing viral proliferation.39,40 For instance, the 
monophosphate of GS-441524 which is a metabolite of 
remdesivir can bind to SARS-CoV-2 in a binding site made 
by superimposing two nsp12/nsp7/nsp8 crystal 
structures that already exist.41 In addition, the deletion of 
nsp7 or nsp8 regions in the murid herpesvirus produces a 
deadly phenotype, suggesting that nsp8 may play a 
significant role in the survival of virus.42 The PEDV nsp8 
may also be a potential target for inhibitors to reduce or 
prevent viral proliferation.43,44 

The stable expression of the full-length PEDV nsp8 in 
the E. coli system paves the way for further PEDV 
fundamental research as well as development of relative 
vaccines and diagnostic kit. In our study, by optimizing the 
expression conditions, we established a favorable 
prokaryotic expression system which was able to produce 
enormous amounts of nsp8 and MBP-nsp8. Purified with 
Ni-column, the nsp8 was specially detected by antibody. 
The immunogenicity results showed that both nsp8 and 
MBP-nsp8 were effective immunogens, inducing a strong 
immunological response in the mice. It was reported that 
non-structural proteins with mutations in important sites 
attenuated the virulence of PEDV; but, also the 
immunogenicity or genetic stability.45,46 In the present 
study, both MBP-nsp8 and nsp8 produced high antibody 
titers. This provided a basis for subsequent studies on the 
effect of mutations at key sites in the nsp8 on PEDV 
virulence and immunogenicity. 
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