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Abstract: Different BHV-1 strains, such as the virulent IBRV LNO1/08 strains and the attenuated vaccine strain IBRV
LNM, produces different clinical immune responses; however, the study of the differential protein expression in
Madin-Darby bovine kidney (MDBK) cells after BHV-1-infection still remains unclear. Here, we applied a comparative
proteomic strategy, based on 2D and MALDI-TOF/MS platforms, to examine the differential expression of proteins in
MDBK cells that were treated and not treated with virulent IBRV LNO1/08 and attenuated IBRV LNM strains. A total
of eight differential proteins, including pyruvate kinase, heat shock protein (HSP) 90 (HSP90OAA1 and HSPO0OAB1),
annexin A, albumin (ALB), scinderin (SCIN), tubulin (alpha 1a) and vimentin (VIM), were identified. Among these pro-
teins, pyruvate kinase, and HSP90 (HSP90AB1), tubulin and vimentin were identified in the virulent IBRV LN0O1/08
strain group, but were not identified in the attenuated IBRV LNM group. These results play an important role in tumor
formation and development, cell migration, tumor cell line apoptosis, cell invasion and viral infection. The HSP9O
(HSP9OAA1) protein was identified in the control group and the attenuated IBRV LNM-infected group. Most stud-
ies have shown that HSP9O proteins were more of a cancer gene target, and inhibiting its function would result to
oncogene degradation during cancer treatment. On the other hand, ALB is associated to cell differentiation, apop-
tosis, necrosis, cell death, viral infection, autophagy, interstitial tissue inflammation, and cell survival. These results
provide a theoretical basis for the systematic understanding of BHV-1-infection mechanisms and BHV-1-induced
immune responses.
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Introduction

Infectious bovine rhinotracheitis (IBR) is a well-
known contagious and infectious disease, wor-
Idwide. The pathogen is also known as bovine
herpesvirus type 1 infection (BHV-1), which
belongs to the genus Varicellovirus in the sub-
family of Alphaherpesvirinae, under the family
of Herpesviridae [1, 2]. Herpesviruses are large,
enveloped, double-stranded DNA viruses [3],
having a 135-140kbp size [4, 5] and codes for
70 proteins. The BHV-1 genome is a huge, com-
plex structure; and research on the structure
and function of BHV-1 remains to be discovered
[6]. BHV-1 affects cattle, goats, sheep, buffa-
loes, and camelids; and also infects pronghorn

antelopes, wildebeest, mink, and ferrets [7-9]
Porter et al., 1975. The virus hides in the tri-
geminal ganglion, sheds from latency following
reactivation, and transmission occurs by con-
tact with mucosal droplets from the infected
cattle [10]. BHV-1 is one of the agents that
cause Bovine Respiratory Disease Complex
(BRDC) [11, 12]. Immunity to BHV-1 commonly
occurs due to either natural infection or vacci-
nation [13, 14]. Immunity involves both cellular
and humoral response to various glycoproteins
[15]. The effective control of IBR can only be
possible with an increased understanding of
both the respiratory and immune systems of
the cow; as well as host, pathogen, and environ-
mental interactions.
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Figure 1. Proteomic analysis of MDBK cells from the control and experimental groups (36 hours of post-exposure)
using 2-DE gels. Proteins on the 2-DE gels of the experimental group (A, B) and control group (C) were visualized

using Coomassie® Blue Staining.
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Figure 2. The differential expression of proteins, which were analyzed using
PDQuest. PDQuest software (BIO-RAD) was used to analyze the scanned
2-DE gel image. Spots representing different significant protein expres-
sions were selected (Table 1) for further mass spectrometric analysis.
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In studying attenuated infec-
tious bovine rhinotracheitis va-
ccines, it was noted, -during sc-
reening-that the virulent strain
IBRV LNO1/08 was domesticat-
ed in the MBDK host cell, and
the attenuated virus strain, ca-
lled IBRV LNM, retained its im-
munogenicity, but its virulence
was significantly reduced. After
inoculating cattle, the two str-
ains exhibited differentimmune
responses. The virulent IBRV
LNO1/08 strain showed signifi-
cant infectious bovine rhinotra-
cheitis clinical symptoms, such
as fever, running nose, nasal
mucosal swelling, ulceration
and conjunctivitis. However, the
attenuated strain IBRV LNM
showed an increased virulent
protective resistance. In sequ-
encing the virulence and atten-
uated strain genes with TK,
U21, U24 and U4 genes [16,
17], differences between gen-
ome virulence key sites were
not found.
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Table 1. The numerical values of protein spots
with different protein expressions were ana-
lyzed using PDQuest software. Standard spot
(SSP) numbers were assigned to each protein
spot by PDQuest software and each SSP num-
ber uniquely identifies one protein. The “-”
means no spot in the 2-DE gel image. Groups
BRV LNO1/08 and BRV LNM are the experi-
mental groups; Group C is the Control group

Ssp G[E%‘i}%zv Group BRVLNM  Group C
2102 - 486.2 24.5

3502 16649.1 6070.7 8224.3
4401 - ; 6750.4
4404  2029.3 . 6288.3
4603 - 1512.5 651.1

5403 - 110.5 12557.3
5602 - . 9035.7
6603  5794.8 . 3870.8
9802 92584 . 3626.9
8207 - 6341.5 6519.9

Since no difference in key sites were found by
sequencing the main virulence gene, would vir-
ulence change due to certain protein structure,
function, location or change in expression? This
research analyzes the different pathogenic
strains of IBRV LNO1/08, which may lead to
MDBK cell proteome changes through infected
MDBK host cells, provide better insights in
understanding the pathogenic molecular mech-
anisms of IBRV, and establish a theoretical
basis for different pathogenic strains.

Results and discussion
2-DE and mass spectrometry analysis

In the following 2-DE (Figure 1) and PDQuest
software analysis (Figure 2; Table 1) results, 10
protein spots were selected and enzymatically
hydrolyzed. MALDI-TOF/MS identification was
performed on the 10 proteins and 8 were suc-
cessfully identified: annexin A2 (SSP2102),
serum albumin (SSP3502), pyruvate kinase
(8SP4401 and SSP4402), adseverin (SSP4-
604), tubulin (SSP5402), heat shock protein
(SSP5602; SSP6603), vimentin (SSP8207),
and an uncharacterized protein (SSP9802)
(Table 2).

BHV-1 is a double-stranded DNA virus, having a
size of 135-140 kbp [18, 19], and codes for 70
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proteins, wherein, most of their structures and
functions have already been known [20]. A typi-
cal herpesvirus virion consist of a core that con-
tain a linear double-stranded DNA and an ico-
sadaltahedral capsid of about 100 nm in diam-
eter-containing 162 capsomeres [21]. In the
BHV-1 genome, a total of 73 open reading
frame (ORF) codes for proteins have been iden-
tified [22]. Even though the whole IBRV genome
has already been sequenced, many gene func-
tions are still unknown. The IBRV LN01/08
strain and the attenuated vaccine strain, IBRV
LNM, completely produce different clinical
immune responses. A total of eight differential
proteins, including pyruvate kinase, heat shock
protein 90 (HSP90OAA1 and HSPQOAB1), annex-
in A, albumin, scinderin, tubulinand, and vimen-
tin, were identified based on the 2D and MALDI-
TOF/MS platforms-which are immune respons-
es to receptor and cytoskeletal proteins. Py-
ruvate kinase, heat shock protein 90 (HSP-
90AB1), tubulin, and vimentin proteins were
identified in the virulent IBRV LNO1/08 strain
group, but were not identified from the attenu-
ated IBRV LNM group; which plays an important
role in tumor formation and development, cell
migration, tumor cell line apoptosis, cell inva-
sion and viral infection [23-26]. Tubulin and
pyruvate kinase proteins are used as anti-can-
cer drug treatments for targeted sites [27-29].
PKM is connected with pulmonary fibrosis [30],
which is in agreement with the clinical response
of the IBRV LNO1/08 strain after inoculation.
HSP9OO (HSP90OAA1) protein was identified in
the control group and the attenuated IBRV
LNM-infected group, and most studies have
shown that the HSP9O protein was able to tar-
get various cancer genes and its inhibiting func-
tion can result to oncogene degradation for
cancer treatment [31, 32]. HSP90OAAl is a
molecular chaperone involved in cell regulation
and maintains the conformation and function
of cell proteins, in order to maintain cell surviv-
al under stimulation [33, 34]. These proteins
have direct effects on each other. A certain pro-
tein function is usually achieved by interacting
with other proteins. Further tests are needed to
clarify which of the above identified proteins is
associated with the pathogenesis of BHV-1.
Although ALB had a lower expression level in
the experimental groups, it is still associated
with cell differentiation, apoptosis, necrosis,
cell death, viral infection, autophagy, interstitial
tissue inflammation and cell survival [35-40],
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Table 2. MALDI-TOF/MS identification of differentially expressed proteins. Selected protein spots were
obtained using EXQuest Spot Cutter (BIO-RAD); the proteins were enzymatically hydrolyzed and identi-
fied using MALDI-TOF/MS. Proteins with a score of 100, such as 100% homology, were included.

Thigher expression; |lower expression

SSP ID NAME Protein MW Pl Difference
2102 IPI00706002 ANXA2 Annexin A2 38872.9 6.92 1
3502 IPI01028455 ALB Serum albumin 71244.2 5.82 l
4401 IPI00839408 PKM2 Pyruvate kinase 58482.3 7.96 1
4404 IPI00839408 PKM2 Pyruvate kinase 58482.3 7.96 1
4603 IPI00706141 SCIN Adseverin 80983.7 5.67 1
5403 IPI00700865 TUBAZ1A Tubulin 50803.9 4,94 1
5602 IPI00709435 HSP90AB1 Heat shock protein HSP 90-beta 83543.2 4.97 1
6603 IPI00699622 HSP90AA1 Heat shock protein HSP 90-alpha 85076.8 4.93 l
9802 IPI00726312 DYNC1H1 Uncharacterized protein 534455.8 6.01 l
8207 IPI00689228 VIM Vimentin 53752.1 5.06 1

Table 3. Part of the IPA analysis results for the diseases or functional annotation of the eight differen-
tially expressed proteins in IBRV LNO1/08 and IBRV LNM treated cells

Diseases or Functional Annotation p-Value Molecules
Cholangiocarcinoma 3.38E-12 ALB, ANXA2, HSP90AA1, HSP90AB1, PKM
Metastatic occult primary head and neck cancer 4.58E-08 HSP90AA1, HSPOOAB1, TUBA1A
Metastatic endometrial carcinoma 6.84E-08 HSP9O0AA1L, HSPO9OAB1, TUBA1A
Unresectable nasopharyngeal cancer 7.73E-08 HSP90AA1, HSPOOAB1, TUBA1A
Metastatic non-small cell lung cancer 3.93E-07 HSP90AA1, HSPOOAB1, TUBA1A

Necrosis 5.87E-06 ALB, ANXA2, HSP90AA1, HSP90AB1, PKM, SCIN, TUBA1A
Apoptosis 6.62E-06 ALB, ANXA2, HSP90AA1, HSP90OAB1, PKM, SCIN, TUBA1A
Tumor cell line death 7.43E-06 ALB, ANXA2, HSP9OAB1, PKM, SCIN, TUBA1A
Brain tumor development 7.53E-06 ANXA2, PKM

Cells migration 2.55E-05 ALB, ANXA2, HSP9OAA1, HSPOOAB1, PKM, TUBA1A
Autoimmune pancreatitis 2.88E-05 ALB, PKM

Tumor cell line apoptosis 5.90E-05 ALB, ANXA2, HSP9OAB1, SCIN, TUBA1A

Cell proliferation 6.62E-05 ALB, ANXA2, HSPOOAA1, HSPOOAB1, PKM, SCIN, TUBA1A
Astrocyte cell death 6.76E-05 ALB, HSP90OAA1

Basal ganglia disorder 2.24E-04 ANXA2, HSP90AAL, PKM, TUBA1A

Cell invasion 2.54E-04 ANXA2, HSP90AA1, HSP90OAB1, PKM

Viral infection 3.19E-04 ALB, ANXA2, HSP90AA1, HSP90AB1, TUBA1A
Tumor cell death 3.98E-04 ALB, ANXA2, HSP9OAB1

Antigen presentation 4.51E-04 HSP90AA1, HSPOOAB1

Pancreatic cancer cell line autophagy 1.46E-03 ALB

Kidney cell line proliferation 1.79E-03 HSP90AA1, HSPOOAB1

Virus assembly 1.82E-03 ANXA2

Interstitial tissue inflammation 2.55E-03 ALB

Tumor cell apoptosis 5.83E-03 ALB, ANXA2

Virus attachment 5.83E-03 ANXA2

Macrophage infection 8.37E-03 ANXA2

Systemic inflammatory response syndrome 9.82E-03 ALB

Acute respiratory distress syndrome 1.42E-02 ALB

Dendritic cell response to immunization 1.49E-02 HSP9OAAL

Long-term memory 1.99E-02 PKM

RNA virus replication 2.03E-02 HSP90AA1L, HSPOOAB1

Cell survival 2.13E-02 ALB, HSP90AB1, PKM

Macrophage proliferation 2.14E-02 ALB

Cellular homeostasis 2.33E-02 ALB, ANXA2, HSP9OAAL

4207

Int J Clin Exp Med 2015;8(3):4204-4211



Differential protein expression in MDBK cells

Ulcerative colitis 3.77E-02
Tumor growth 4.36E-02
Blood cell differentiation 4.45E-02
Delayed hypersensitivity reaction 4.90E-02

ALB
ANXA2, PKM
HSP90AA1, SCIN
ALB

as shown in Table 3. This research provides
data for supporting the relative study of BHV-1-
infected pathogenic mechanisms and BHV-1-
induced immune responses.

Infectious bovine rhinotracheitis (IBR) is a dis-
ease that is typically characterized by upper
respiratory infection, caused by bovine herpes-
virus-1 or BHV-1 [41]. Prevalent worldwide, IBRV
antibodies are detected in almost all cattle. IBR
affects milk production and bull work capacity,
causing huge economic losses to the cattle
industry every year. Persistent and latent infec-
tions in nature are the main causes of the dis-
ease [42, 43]. Vaccines are still the main meth-
ods of prevention and control [44, 45]; howev-
er, existing vaccines are still unsatisfactory.
Further, attenuated vaccines may also produce
recessive infections and virulence returns. Due
to latent herpes virus infections and the genet-
ic characteristics of the recombinant [46], vac-
cine strains and wild strains may be infected at
the same time and genetic recombination may
occur, after gene-deleted vaccines are adminis-
tered to the animal’s body. This research focus-
es on the virulence determining factors and
proteome differences; by using protein expres-
sion differences produced after normal MDBK
cell inoculation on IBRV mutant strains, cul-
tured in vitro with two-dimentional gel electro-
phoresis; the research also explores virulence
related proteins, analyzes the impact of aviru-
lent and virulent strains on cell expressing pro-
teins, and seeks for disease related genes or
proteins.

Materials and methods
Virus and cells

The virulent IBRV LNO1/08 strain and the
attenuated vaccine strain IBRV LNM were iso-
lated, passaged, and preserved in our labora-
tory; and the viruses were propagated in the
MDBK cell using the Dulbecco’s Modified Eagle
Medium (DMEM, HyClone), containing antibiot-
ics (100,000 IU/L of Benzylpenicillin and 100
mg/L of streptomycin) with 10% horse serum.
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Virus inoculation and sample preparation

When MDBK cell density exceeded 95% conflu-
ence, the cells were washed three times with a
phosphate buffered saline (PBS) solution and 2
x 106 MDBK cells were then inoculated with
104TCID50 (50% tissue culture infective dose)
of either the IBRV LNO1/08 strain or the IBRV
LNM strain. MDBK cells, without the virus, were
used as the control. After one hour of infection,
the culture medium was discarded and rep-
laced with the Dulbecco’s Modified Eagle
Medium, containing 2% horse serum. Cell cul-
ture was continued and periodic observations
of the cytopathic effects were performed. The
culture medium was discarded 36 hours after
inoculation. After gently washing the culture
plate three times with pre-cooled sterilized PBS
(pH 7.2-7.4) solution at 4°C, the PBS solution
was discarded and the culture plate was placed
on ice. A Lysis buffer (pH 8.5) containing 7 M
urea, 2 M thiourea, 65 mM Tris, 2% dithiotreitol
(DTT), 4% 3-[(3-cholamidopropyl) dimethylam-
monio] propanesulfonate (CHAPS), 0.2% IPG
buffer (GE Healthcare, Munich, Germany), and
0.1% v/v protease inhibitor mixture was added
into each well. All cells were scraped into a 1.5
mL centrifuge tube and homogenized with a
Dounce homogenizer. The cells were disrupted
by sonication (80 W, five times for a 10 s inter-
val each time at 15 s intervals). All procedures
were performed on ice. The mixture was centri-
fuged at 15,000 g for 45 minutes at 4°C. The
protein content of the supernatants were deter-
mined by Bradford assays (Bio-Rad, USA).
Aliquot samples were stored at -80°C, until
used for proteomic analysis.

Protein sample preparation and 2-DE

Cell-culture material samples from the control
and experimental groups (36 hours of post-
exposure) were crushed by liquid nitrogen and
suspended in a lysis buffer (9.5 M urea, 4%
CHAPS, 65 mM DTT, and 0.2% carrier ampho-
lyte), which contained a protease inhibitor co-
cktail (Roche, Mannheim, Germany). The sus-
pension was homogenized, sonicated on ice
and centrifuged at 14,000 rpm for 1 hour at

Int J Clin Exp Med 2015;8(3):4204-4211
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4°C. The supernatant was collected and the
protein concentration was determined using a
Protein Assay kit (Bio-Rad, Richmond, VA, USA).
Protein aliquots equivalent to 100 mg were
stored at -80°C for future use. 2-DE (Bio-Rad)
was used to separate proteins, as described by
De-la-Pena C et al. [47]. The 2-DE gels were
scanned using a GS-710 imaging densitometer,
and the digitized images were analyzed by the
PDQuest software (Bio-Rad).

Mass spectrometry and peptide mass finger-
print

Protein spots were cut from the gels, destained,
and washed. The spots were kept in 0.2 M NH-
4HCO, for 20 minutes, and lyophilized. Each
spot was digested overnight with 12.5 ng/mL
trypsin in 0.1 M NH4HCO,, and the digested
proteins were extracted three times with a 50%
ACN and 0.1% TFA solution. Mass spectra data
were acquired by an AutoFlex MALDI-TOF/TOF
mass spectrometer with LIFT technology (Bru-
ker Daltonics, Bremen, Germany). MS/MS data
were acquired with a N2 laser at a 25-Hz sam-
pling rate [48]. PMF and MS data were com-
bined using FlexAnalysis and the combined
data set was submitted to MASCOT [49, 50] for
protein identification. The MASCOT result was a
Probability-based Mowse Score [51], which was
expressed as -10 x log (p), where p is the prob-
ability. Protein scores greater than 63 are con-
sidered statistically significant (P < 0.05). The
above process was repeated three times. The
criteria for selecting protein spots are: (i) spots
showing greater than two-fold expression ch-
anges between the control and experimental
groups; (ii) reproducible spots which were
detected in all three replicated experiments;
(iii) spots were successfully identified by MALDI-
TOF analysis.

Conclusions

The present study identified the differentially
expressed proteins in MDBK host cells. Through
proteomic analysis, we found that eight pro-
teins, including pyruvate kinase, heat shock
protein 90 (HSP90OAA1 and HSPOOAB1), annex-
in A, albumin (ALB), scinderin (SCIN), tubulin
(alpha 1a) and vimentin (VIM), occurred at dif-
ferent MDBK cell levels -- after IBRV LNO1/08
and IBRV LNM infection. These key proteins
may be related to pathogenic mechanisms and
BHV-1-induced immune responses. Further
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studies must focus in clarifying the mecha-
nisms and roles for these proteins in virulent
IBRV LNO1/08 and attenuated vaccine strains,
during the immune response process.
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