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Summary. – M3 proteins of 44 kDa of murine gammaherpesviruses 68 and 72 (MHV-68, MHV-72) were 
identified as herpesvirus vCKBP-3, soluble inhibitors of the host chemokine network providing a selective 
advantage for the virus by inhibiting the antiviral and inflammatory response during both acute and latent 
infection. The MHV-72 M3 protein was found to contain a single mutation (Asp307Gly) near its chemokine-
binding domain and differ from that of MHV-68 in the ability to bind some human chemokines. In this study, 
we optimized the expression of his-tagged M3 proteins of MHV-68 and MHV-72 in Escherichia coli and their 
purification by Ni-NTA chromatography under both denaturing and native conditions. The integrity of the N-
terminus of the MHV-72 M3 protein was verified by partial sequencing. The results showed that E. coli is useful 
for the preparation of native, recombinant M3 proteins of murine gammaherpesviruses in sufficient quantity 
and purity for further biological studies. 
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Introduction 

Large DNA viruses, such as herpesviruses and poxviruses, 
encode viral protein homologs of chemokines, members of 
a complex family of cytokines that control the recruitment 
of cells to sites of infection and inflammation. They also 
contain viral homologs of chemokine receptors and viral 
chemokine-binding proteins (vCKBPs) (Lalani et al., 2000). 
M3 protein (Mr = 44 kDa) of a murine gammaherpesvirus, 
also known as vCKBP-3, is a soluble, chemokine-binding in-
hibitor encoded by a herpesvirus and was the first of its type 
to be reported. It prevents chemokine-induced signal trans-
duction in vitro (Parry et al., 2000; van Berkel et al., 2000) 

and it is able to block the interaction of all four chemokine 
subfamilies with their cellular receptors with high affinity. It 
also blocks the induction of intracellular signaling. M3 has 
also been shown to block the interactions of chemokines 
with glycosaminoglycans (GAGs) (Webb et al., 2003). Like 
other viral proteins with chemokine-binding abilities, M3 
is a unique protein product which has no sequence similar-
ity to either its host΄s chemokines or chemokine receptors 
(Virgin et al., 1997). 

Chemokines play a crucial role in host defense. They 
are involved in both innate and adaptive immunity (Luster, 
2002), and thus many infectious agents have developed 
strategies to manipulate the host chemokine network. They 
are classified into four subfamilies on the basis of the arrange-
ment of cysteine residues at their N-terminus: CXC, CC, C, 
and CX3C (Zlotnik and Yoshie, 2000). The specific effects 
of chemokines on target cells are mediated by the members 
of a family of 7 transmembrane-spanning G-protein cou-
pled receptors. As predominantly basic, positively charged 
molecules, chemokines also interact with the negatively 
charged GAGs expressed on the endothelial cell surface. 
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These interactions are involved in chemokine transport and 
presentation (Proudfoot et al., 2003).

Murine gammaherpesvirus 68 (MHV-68) is a natural 
pathogen of murid rodents belonging to the species Mu-
rid herpesvirus 4 (MuHV-4) (the genus Rhadinovirus, the 
subfamily Gammaherpesvirinae) (van Regenmortel et al., 
2000). It is genetically related to the primate gammaher-
pesviruses – Saimiriine herpesvirus 2, Human herpesvirus 
8, and Human herpesvirus 4 (Virgin et al., 1997). These 
viruses are able to establish latent, life-long infections and 
are often associated with various types of malignancies, such 
as Kaposi΄s sarcoma and B-cell lymphomas (Sunil-Chandra 
et al., 1992; Kúdelová and Rajčáni, 2009). MHV-68 is inten-
sively studied in many laboratories because it is an attrac-
tive experimental model for gammaherpesvirus infection 
(Rajčáni and Kúdelová, 2007).

MHV-68 M3 protein is encoded by one of the early-late 
lytic genes which are expressed continually during lytic 
infection, during the establishment of latent infection, and 
during latency in vivo (Ebrahimi et al., 2003; Simas et al., 
1999). The role that M3 plays in the establishment of la-
tency is still uncertain; one possibility is that lytic infection 
of macrophages and dendritic cells may indirectly protect 
latently infected B cells (Marques et al., 2003; Flaño et al., 
2000). For example, M3 protein produced by cells infected 
with MHV-68 may alter the migration of CCR7-expressing 
T, B, or dendritic cells towards local gradients of CCL19 and 
CCL21, thus potentially delaying the initiation of a specific 
immune response against MHV-68 (Jensen et al., 2003). 
M3 protein may also significantly inhibit the chemokine 
effector functions, thereby inhibiting the antiviral activ-
ity of recruited leukocytes and thus allowing the virus to 
replicate at higher levels in the presence of cells serving as 
potential targets for the establishment of latency (Sarawar et 
al., 2002). In support of this, upregulation of lymphocyte and 
macrophage control trafficking in the CNS during MHV-68 
infection has been demonstrated (van Berkel et al., 2002). 
M3-deficient mutant of MHV-68 was unable to establish 
latent infection (Bridgeman et al., 2001). The absence of 
the M3 gene also alters the host response to viral infection 
in both the lungs and the germinal reaction center in the 
spleen, suggesting M3 gene to be responsible for host specific 
differences (Hughes et al., 2011). 

Alexander et al. (2002) first reported the crystal structure 
of M3 protein bound to the CC chemokine CCL2 (mono-
cyte chemoattractant protein 1) and described the binding 
epitopes of vCKBP recognized by the chemokine and also 
by the cellular receptor CCR2. This model of the M3 protein 
suggested how this viral protein is able to bind chemokines 
despite having no amino acid homology to the host΄s chem-
okine receptors.

In addition to the MHV-68 virus, the biological 
properties of the related murine gammaherpesvirus 72 

(MHV-72) (clone h3.7) have also been characterized 
(Mistríková et al., 2000; Rašlová et al., 2001) and also 
the differences in the sequences of some genes have been 
identified (Mačáková et al., 2003; Valovičová et al., 2006; 
Belvončíková et al., 2008a). Normal murine mammary 
gland (NMuMG) cells infected with MHV-72 exhibit 
a cytopathic effect up to 48 hours later than similar cells 
infected with MHV-68 (H. Rašlová, personal communica-
tion). Studies on the long-term infection of mice (Balb/c 
as well as CB17 wild-type) revealed that mice infected 
with MHV-72 displayed a malignancy development rate 
either a similar to or higher than that of mice infected with 
MHV-68 (Mistríková et al., 2000; Oda et al., 2005). More 
recently, a portion (22,899 bp) of the MHV-72 genome 
sequence encompassing 19 genes was determined, ana-
lyzed and compared with that of MHV-68 (Halásová et al., 
2011). MHV-72 appears to be less pathogenic and more 
oncogenic than MHV-68 (Nash et al., 2001). MHV-72 is 
very likely to be a strain of murine gammaherpesvirus, 
but its classification is still not clear. MHV-68 remains the 
only virus classified as a MuHV-4 species.

In our previous study we showed that MHV-72 also has 
a M3 gene but with an amino acid mutation at position 920 
nt, Asp307Gly (Belvončíková et al., 2008a). This mutation is 
located near the chemokine-binding domain and was sug-
gested to be involved in attenuating the immune response 
to MHV-72 infection. A study of the binding activities of 
the MHV-72 M3 protein, which was released into the media 
of infected BHK-21 cells, against five human chemokines 
(CCL3, CCL5, CCL11, CCL2, and CXCL8) showed that 
MHV-72 M3 exhibited significantly lower binding activity 
(11.1% to 20%) against CCL5 and CXCL8 than MHV-68 
M3 but had comparable activity against CCL11, CCL2, and 
CCL3. 

These results prompted us to elaborate an efficient E. coli 
expression system using the pET-26b(+) vector, suitable for 
producing sufficient amounts of recombinant M3 proteins 
of MHV-68 and MHV-72 to assess their chemokine-binding 
properties as well as the changes in these properties caused 
by the Asp307Gly mutation in the MHV-72 M3 protein. 
Then, we established the conditions for optimal purification 
of these proteins in both native and denatured form using 
the Ni-NTA chromatography.

Materials and Methods

Viruses. Two murine gammaherpesviruses (MHV-68 and 
MHV-72) originally isolated from the bank vole, Myodes glareolus 
(Blaškovič et al., 1980), were kindly provided by Prof. Mistríková 
(Faculty of Natural Sciences, Comenius University, Bratislava, 
Slovakia). Both viruses were twice-plaque purified to obtain clones 
f2.6 (MHV-68) and h3.7 (MHV-72) (Kúdelová et al., 2012). Viral 
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DNA was isolated and purified from virions as previously described 
(Rašlová et al., 2000).

Cells. The NMuMG cell line and BHK-21 fibroblasts were 
maintained in DMEM (GIBCO) supplemented with 10% (v/v) 
FCS, 2 mmol/l glutamine (Invitrogen) and penicillin-streptomycin-
amphotericin (Cambrex) at 37°C. E. coli BL21 (DE3) and Rosetta 
(DE3) cells were obtained from Novagen. E. coli JM109 cells were 
obtained from Promega.

PCR amplification of M3 genes. To amplify the genomic region 
corresponding to ORF M3 of MHV-68 (Acc. No. AF105037) and 
MHV-72 (Acc. No. DQ378056), recombinant plasmids pGEM-T-
M3 MHV68 and pGEM-T-M3 MHV72, prepared previously by 
Belvončíková et al. (2008a) were used as templates. Primers derived 
from the MHV-68 M3 sequence (Virgin et al., 1997) flanked by NdeI 
and XhoI sites (bold, underlined) and 6 triplets encoding histidines 
at the C-terminal end (6×His-tag, italic) of the M3 protein were 
used (5΄-CCC CAT ATG GCC TTC CTA TCC ACA TCT GTG 
C-3΄ and 5΄-GCG CTC GAG TCA ATG ATG ATG ATG ATG ATG 
ATC CCC AAA ATA CTC CAG CCT G-3΄). The PCR mixture 
contained about 10 ng of pGEM-T-M3 MHV-68 DNA or pGEM-
T-M3 MHV-72 DNA as a template, 0.3 mmol/l dNTPs, 1.5 mmol/l 
MgCl2, 0.3 mmol/l of each primer, and 1 U of Pfu DNA polymerase 
(Promega) with proof-reading activity to prevent incorporation of 
single mutations. The PCR reaction was performed using a Mas-
tercycler personal (Eppendorf) as follows: initial denaturation at 
95°C for 3 min, 35 cycles at 95°C for 1 min, 60°C for 1 min, 72°C 
for 2.5 min, and finally one cycle at 72°C for 10 min.

Cloning and sequencing of M3 genes. The PCR product contain-
ing the genes of either MHV-68 M3 or MHV-72 M3 (1,251 bp) was 
further purified using Wizard® SV Gel and PCR Clean-Up System 
(Promega) and cloned into expression plasmid pET-26b(+) (Nova-
gen) via XhoI/NdeI restriction sites. E. coli JM109 competent cells 
were transformed with ligation reaction mixture according to the 
manufacturer΄s instructions. Two clones with the corresponding 
ORF M3 were selected: P26-M3his/68 and P26-M3his/72. For the 
P26-M3his/72 recombinant plasmid, the presence of the virus-
specific single nucleotide mutation was checked by BglI digestion 
(Fig. 1). Cloned inserts of both plasmids were also sequenced using 
a commercial sequencing service (BITCET, Faculty of Natural Sci-
ences, Comenius University, Bratislava, Slovakia), which confirmed 
the correct ORF of both cloned inserts. For sequencing, the two 
universal primers T7F (20-mer) and T7R (19-mer) were used.

Expression of M3 proteins. E. coli competent cells (BL21 (DE3) 
or Rosetta (DE3)) were transformed with expression plasmids 
P26-M3his/68 and P26-M3his/72. Single colonies were picked and 
inoculated into 10 ml of LB medium (Sigma-Aldrich) containing 
30 µg/ml kanamycin and grown at 37°C overnight to make a starter 
culture. For the Rosetta (DE3)) cells, 34 µg/ml chloramphenicol 
(Sigma-Aldrich) was also added to the cultivation media. M3 was 
expressed on both the small and large scale. For small scale M3 
expression, 50 ml of LB media with antibiotics was inoculated 
with 0.5 ml of starter culture and the cells were grown at 37°C until 
A600 = 0.6. For large scale expression, 0.5 l of Terrific Broth media 

(1.2% (w/v) peptone, 2.4% (w/v) yeast extract, 72 mmol/l K2HPO4, 
17 mmol/l KH2PO4, and 0.4% (w/v) glycerol) with antibiotics was 
used. Cells were grown to the same density as stated previously. The 
expression of M3 was induced by adding IPTG to a final concentra-
tion of 0.5 mmol/l and the protein was produced at 37°C for 2 hrs, 
or at 22°C for 4 hrs. E. coli cells were harvested by centrifugation 
at 6,000 x g at 4°C for 10 min, washed with 2 ml PBS, centrifuged 
at 6,000 x g again, and stored at -80°C. To check the expression of 
M3, aliquots of E. coli cells were collected by centrifugation (8,000 
x g for 3 min), resuspended in loading buffer and analyzed by SDS-
PAGE on 12.5% gel (Laemmli, 1970).

Purification of M3 proteins. The recombinant MHV-68 M3 and 
MHV-72 M3 proteins with 6×His-tags on their C-termini were 
purified under either denaturing or native conditions, using Ni-
NTA agarose (Qiagen) according to the manufacturer΄s instruc-
tions with minor modifications. For purification of M3 proteins 
(MHV-68 and MHV-72) under denaturing conditions, 5 ml of cells 
were sedimented at 8,000 g and lysed by resuspenion in 1 ml of  
7 mol/l urea. 100 µl of agarose was then added to bind his-tagged M3. 
M3 protein was purified with 150 µl of elution buffer into several frac-
tions. Each step of the purification procedure was analyzed on 12.5% 
SDS-PAGE and stained using Coomassie Brilliant Blue R-250 (Santa 
Cruz). For purification under native conditions, two different lysis 
buffers were used: Buffer A (100 mmol/l NaH2PO4, 10 mmol/l Tris-Cl 
(pH = 8.0), 300 mmol/l NaCl) and Buffer B (25 mmol/l NaH2PO4, 
2.5 mmol/l Tris-Cl (pH = 8.0), 100 mmol/l NaCl, 10% (w/v) glycerol, 
0.2% (w/v) sulphobetaine 3-14 (SB-14, Sigma-Aldrich). Protease 
Inhibitor Cocktail Set III, EDTA-Free (Calbiochem) was added in 
a dilution 1:200 to both buffers to prevent undesired protein degrada-
tion. Before purification, the cells were weighted and resuspended 
in an appropriate volume of either A or B lysis buffer, supplemented 
with 0.5 mg/ml of lysozyme, and incubated at 4°C for 30 min. This 
cell suspension was then either sonicated (9 × 15 s at 40% power) 
using a Bandelin Sonopuls (Bandelin electronic, GmbH) or disrupted 
by passing it twice through a French Press (20 MPa). The cell lysis 
mixture was then treated with 25 U Benzonase® Nuclease (Qiagen) for 
10 min to remove nucleic acids followed by centrifugation at 13,000 
x g at 4°C for 30 min. The M3 protein was separated from the lysate 
using an IMAC column with ≈ 0.6 ml of agarose. After a short, 4°C 
incubation, non-specifically bound proteins were washed away using 
two rinsings of 1 ml either Buffer A or B with 25 mmol/l imidazole. 
Finally, M3 protein was eluted from the column into three frac-
tions by repeated washing with 200 µl of either Buffer A or B with 
250 mmol/l imidazol. To improve the solubility of the M3 protein 
under native conditions, a detergent solubility kit (Jena Bioscience, 
Germany) was used.

Western blot analysis. Purified M3 protein samples were sepa-
rated on 12.5% SDS-PAGE. The gel was semi-dry blotted using 
an Immobilon-P PVDF membrane (Millipore), briefly immersed 
in pure methanol and then gel, membrane, and filter papers were 
all equilibrated in blotting buffer (25 mmol/l Tris, 40 mmol/l 
ε-aminocaproic acid, 20% (v/v) methanol). Semi-dry blotting was 
performed with a constant current of 0.8 mA/cm2 at RT for 1 hr 
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(The Novex® Semi-Dry Blotter, Invitrogen). The PVDF membrane 
was blocked in 5% (w/v) BSA solution with a slow agitation at RT 
for 1 hr. It was subsequently treated with a His-Tag® monoclonal 
antibody (Novagen) diluted 1:1,000 in TBST with 2.5% (w/v) BSA 
at 4°C overnight. The membrane was then washed three times at RT 
for 15 min each with an appropriate volume of TBST to remove un-
bound antibody. The membrane was then treated with anti-mouse 
IgG HRP conjugate (Promega) diluted 1:2,500 in TBST at RT for 
1 hr and then washed as described above. Proteins on the PVDF 
membrane were visualized by staining with the chemiluminescent 
dye SuperSignal West Dura extended duration substrate (Pierce) 
and photographed using a Kodak Image Station 2000MM.

Protein sequencing. The M3 protein purified under native condi-
tions was analyzed on 12.5% SDS-PAGE in a carbonate-bicarbonate 
buffer (10 mmol/l NaHCO3, 3 mmol/l Na2CO3, 20% (v/v) methanol 
(pH = 9.9)) and then electroblotted in a Mini Trans-Blot® Cell As-
sembly (Bio-Rad) according to the manufacturer΄s instructions. To 
identify the M3 protein, the membrane was stained with a solution 
containing 0.125% (w/v) Coomassie Brilliant Blue R-250 in 50% 
(v/v) methanol and 10% (v/v) acetic acid at RT for 1 min and then 
briefly washed with an appropriate volume of destaining solution 
containing 50% (v/v) methanol with 10% (v/v) acetic acid and then 
washed three times with distilled water for 5 min. The amino acid 
sequence of the first seven residues of MHV-72 M3 was determined 
by Edman degradation using a Procise Protein Sequencing System 
(Applied Biosystems) using the Pulsed Liquid PVDF cLC method and 
RP-HPLC analysis (Dr. Voburka, Institute of Organic Chemistry and 
Biochemistry, Academy of Sciences, Prague, Czech Republic).

Results

Construction of bacterial expression vectors for M3 genes 

The sequences of M3 genes were amplified using pGEM-
T-M3 MHV-68 and pGEM-T-M3 MHV-72 plasmids previ-
ously prepared by Belvončíková et al. (2008a), and primers 
containing XhoI and NdeI linker sequences (Fig. 1a, lanes 
1, 3). The reverse primer included a sequence encoding six 
histidines at its 3΄-end allowing their expressed proteins to 
be purified by IMAC. The PCR products of these M3 genes 
were cloned into a pET-26b(+) vector via the XhoI and NdeI 
restriction sites (Fig. 1b, lanes 1, 3) creating recombinant 
plasmids P26-M3his/68 and P26-M3his/72. The specificity 
of the MHV-72 M3 gene (both the PCR product and the 
recombinant plasmid) was verified by digestion with BglI, 
which cleaves a unique restriction site found only in the 
MHV-72 M3 gene. This yielded two fragments of 322 bp 
and 929 bp for the PCR product (Fig.1a, lanes 4), and 2,812 
and 3,658 bp for the P26-M3his/72 recombinant plasmid 
(Fig. 1b, lanes 2, 4).

Expression of recombinant M3 proteins in E. coli

E. coli BL21 (DE3) or Rosetta (DE3) cells were trans-
formed with a recombinant bacterial expression vectors 
(either P26-M3his/68 or P26-M3his/72). Expression of the 
M3 protein was induced with 0.5 mmol/l IPTG and evaluated 

Fig. 1

Construction of vectors expressing M3 proteins of MHV-68 and MHV-72
Agarose gel electrophoresis. (a) PCR amplification of M3 genes of MHV-68 and MHV-72 from plasmids pGEM-T-M3 MHV-68 (lane 1) and pGEM-T-
M3 MHV-72 (lane 3), respectively. Products of BglI digestion of MHV-68 M3 gene (lane 2) and MHV-72 M3 gene (lane 4). (b) Products of XhoI/NdeI 
digestion of P26-M3his/68 (lane 1) and P26-M3his/72 (lane 3). Products of BglI digestion of P26-M3his/68 (lane 2) and P26-M3his/72 (lane 4). DNA 
ladders (lane M).
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by SDS-PAGE. After induction at either 37°C for 2 hrs or at 
22°C for 4 hrs, MHV-68 M3 and MHV-72 M3 proteins of the 
expected size (~44 kDa) were found in the lysates of trans-
formed cells in comparable amounts (Fig. 2, lanes 2, 4). The 
amount of M3 protein expressed was independent of either 
the E. coli strain used (data not shown) or the virus from 
which the M3 gene was derived. Because of the enhanced 
codon usage of the E. coli Rosetta (DE3) strain, this strain 
was used in the following experiments.

Purification of recombinant M3 proteins by Ni-NTA 
chromatography

After determining that the M3 proteins of both murine 
gammaherpesviruses are expressed in E. coli cells, we puri-
fied these proteins from E. coli Rosetta (DE3) cells. Both 
proteins were purified under denaturing (in the presence of 
7 mol/l urea, Fig. 3a) and native conditions (Fig. 3b). Under 
denaturing conditions, both proteins could be purified with 
comparable quality and efficiency (Fig. 3a). 

Fig. 2

Expression of M3 proteins in E. coli
E. coli Rosetta (DE3), 2 hrs after IPTG induction at 37oC, cell lysate SDS-PAGE. 
Cells transformed with P26-M3his/68, uninduced (lane 1) and induced (lane 2). 
Cells transformed with P26-M3his/72, uninduced (lane 3) and induced (lane 4). 
Protein size marker (lane M). The arrows indicate the 44 kDa M3 proteins.

Fig. 3

Purification of recombinant MHV-72 M3 protein by Ni-NTA chromatography
(a) Denaturing conditions, cell lysate applied to the column. Bound insoluble (lane 1) and soluble (lane 2) proteins, unbound proteins (lane 3), non-
specifically bound proteins (lanes 4, 5), E buffer eluate (lanes 6–8). (b) Native conditions, cell lysate applied to the column. Bound insoluble (lane 1) and 
soluble (lane 2) proteins, unbound proteins (lane 3), specifically eluted proteins (lanes 4, 5). Purified M3 protein applied to the column and specifically 
eluted (lanes 6–8). Protein size markers (lanes M). The arrows indicate the 44 kDa M3 protein.

To purify M3 protein under native conditions, it was nec-
essary to optimize the purification conditions by altering the 
temperature and cultivation time of the cells, the way by which 
they were lysed, and the composition of the lysis buffer used. 
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Moreover, several buffers were used to elute the M3 protein from 
the agarose column. The highest amounts of native M3 protein 
were obtained under the following conditions: cultivation at 
37°C until A600 = 0.6, induction with 0.5 mmol/l IPTG at 37°C 
for 2 hrs, lysis of cells using a French press, a lysis buffer contain-
ing 100 mmol/l NaCl, 25 mmol/l phosphate buffer, 10% (w/v) 
glycerol, 0.2% (w/v) SB-14 along with 0.5 mg/ml lysozyme, and 
a washing buffer containing 25 mmol/l imidazole (Fig. 3b). The 
presence of SB-14, chosen from several tested reagents, was 
crucial for obtaining a detectable soluble amount of M3 protein. 
Despite all these optimizations, the yield of protein under these 
conditions was quite low, around 0.5–2 mg/l. 

The purification of both M3 proteins was much more 
efficient under denaturing conditions (Fig. 3a), most likely 
because of M3΄s lower solubility under native conditions. 
A substantial amount of M3 protein appears to stay in the 
insoluble fraction under both native and denaturing condi-
tions; the denaturing conditions most likely recover more 
of it (Fig. 3b, lane 1).

Western blot analysis of recombinant M3 proteins

Because of the rather low yield of M3 protein purified 
under native conditions, its presence was confirmed by 
Western blot analysis using a His-Tag® monoclonal antibody. 
Western blotting confirmed that pure MHV-72 M3 protein 
was present in both native and denaturing conditions (Fig. 
4a, lanes 1,2). A larger amount of M3 protein was detected 
under denaturing conditions, in agreement with what was 
seen in SDS-PAGE (Fig. 4a, lane 2). Comparable results were 
obtained for M3 protein of MHV-68.

Partial sequencing of MHV-72 M3 protein

The MHV-72 M3 protein purified under native condi-
tions (Fig. 4b, lane 1) was sequenced from its N-terminal 

end to verify its integrity. This sequencing showed that the 
first seven amino acids at the N-terminus of the purified 
protein (Ala, Phe, Leu, Ser, Thr, Ser, Val) matched those of 
the sequences of both MHV-68 M3 (Acc. No. AF105037) 
and MHV-72 M3 (Acc. No. DQ378056). In both cases, 
the first methionine was cleaved out by a cell enzymatic 
mechanism.

Discussion

The M3 gene is one of the latent-lytic infection associated 
genes whose function in pathogenesis of a murine gammaher-
pesvirus is relatively well understood. The M3 protein has been 
shown to be involved in the antiviral response by inhibiting 
chemokine-mediated calcium mobilization and chemotaxis 
in chemokine receptor bearing cells in vitro (van Berkel et 
al., 2002). Because of M3 in vitro pan-chemokine binding 
activity, it was predicted to be an important immunomodula-
tor, capable of altering the migration of T and B cells as well 
as dendritic cells, thus delaying the initiation of a specific 
immune response against the virus΄s infection (Parry et al., 
2000; van Berkel et al., 2000). In vivo studies confirmed that 
M3 does have a critical role in virulence and in the nature of 
the virally induced inflammatory response (Virgin et al., 1999; 
van Berkel et al., 1999, 2002; Usherwood et al., 2000; Simas et 
al., 1999). Jensen et al. (2003) discovered a direct correlation 
between M3 expression and the inhibition of lymphocyte and 
macrophage trafficking in the CNS. More recent studies on 
laboratory-bred wood mice (Apodemus sylvaticus) confirmed 
that the absence of the M3 gene causes attenuation of latent 
infection in both lung and spleen, which suggests that the M3 
gene is responsible for host-specific differences in infection 
(Hughes et al., 2010, 2011).

Studies on the biochemical properties of the M3 protein 
have also been sparked by the possibility that this unique 

Fig. 4

Western blot analysis of recombinant MHV-72 M3 protein
SDS-PAGE. (a) Chemiluminiscent staining. IPTG induction, cell lysate purified under native (lane 1) and denaturing (lane 2) conditions. Uninduced cells 
(lane 3). (b) Coomassie Brilliant Blue staining. Purified M3 protein (lane 1), lysate of induced (lane 2) and uninduced (lane 3) cells. Protein size markers 
(lane M). The arrows indicate the 44 kDa M3 protein.
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pan-chemokine antagonist could be used in the treatment 
of human diseases involving chemokines. The existence of 
a large number of chemokines suggests redundancy, and thus 
the therapeutic use of a broad chemokine antagonist such as 
M3 protein may be advantageous.

M3 protein is a viral protein, which has evolved to protect 
the virus from the immune system of the host; it is a potent 
immunomodulator. In previous studies, M3 was constitu-
tively expressed in the pancreas of mice and was shown to 
be able to inhibit islet mononuclear infiltration and diabetes 
development in NOD mice after streptozocin treatment 
(Martin et al., 2007, 2008). Unfortunately, constitutive over 
expression of M3 does not mimic its potential therapeutic 
use as a chemokine blocker. A doxycycline-dependent gene 
expression system was used to examine the usefulness of M3 
as therapeutic agent (Gossen and Bujard, 1992; Pyo et al., 
2004; Lira et al., 2009). M3 has also been used in an experi-
mental animal model to overcome the cellular inflammatory 
responses in hepatocellular carcinoma lessions induced by 
a recombinant oncolytic vesicular stomatitis virus. M3 pro-
longed the theraputic effect of the oncolytic virus, improved 
animal survival, and led to a 50% cure rate (Wu et al., 2008). 
All these examples show that M3 has the potential to be 
used in therapeutic applications where chemokines have 
been implicated. Additional examples include neurological 
traumas (Ransohoff, 2002), rheumatoid arthritis (McInnes 
and Schett, 2007), intimal hyperplasia associated with vessel 
reconstruction and the progression of atherosclerosis (Pyo 
et al., 2004), transplant rejection, HIV progression, etc. (Lira 
et al., 2009).

Alexander et al. (2002) used a recombinant baculovirus 
infecting insect Sf9 cells to produce enough M3 protein to 
determine the crystal structure of both M3 alone and bound 
to CC chemokine CCL2. They found that the M3 binding 
site is generated by antiparallel dimerization of its molecules 
and proposed that M3 interacts with the N-terminal region 
of chemokines, thereby interfering with the chemokine-
receptor interaction and blocking the interaction of chemok-
ines with GAGs. This interaction is required for the correct 
presentation of chemokines to passing leukocytes and for 
chemokine activity in vivo (Parry et al., 2000; Proudfoot et 
al., 2003). To date, studies on the binding activities of M3 
to individual chemokines are still rare and consequently, 
information which might indicate possibilities for altering 
these activities is lacking.

All aforementioned experiments refer to M3 protein 
of MHV-68. In a previous study, we compared biological 
properties of M3 proteins derived from different murine 
gammaherpesviruses. We examined the binding activities 
of M3 proteins released into the media of BHK-21 cells 
infected with either MHV-68 or MHV-72 (clone h3.7) to 
five human chemokines. These two M3 proteins differed 
in only one mutation which is found near the chemokine-

binding domain (Belvončíková et al., 2008a). We found that 
the binding activity of MHV-72 M3 to CXCL8 and CCL5 
is 11% and 20% lower, respectively, than that of MHV-68 
M3 to the same proteins (Belvončíková et al., 2008a). On 
the other hand, when the binding activities of recombinant 
MHV-68 M3 and MHV-72 M3 expressed in Sf9 insect cells 
using a baculovirus expression system were examined, it was 
found that the binding activity of MHV-72 M3 to at least 
four of the five chemokines tested was greater than that of 
MHV-68 M3 (Belvončíková, 2008b). 

In order to study these differences more closely as well 
as to open up the possibility of directly affecting some of 
the binding activities of the M3 protein by site-directed 
mutagenesis, we used the easy-to-manipulate pET expres-
sion system to prepare both M3 proteins for expression in 
E. coli. This would allow the larger amounts of protein to be 
prepared relatively inexpensively and quickly. Although no 
information is available about the expression of recombinant 
M3 protein in bacteria, the properties of this protein, its 
relatively small size of 44 kDa, its solubility in cultivation 
media, its absence of posttranslational modifications, made 
this expression system an appropriate choice. To quickly and 
effectively purify the recombinant M3 protein using affinity 
chromatography, we introduced a 6×His-tag sequence at 
the C-terminal end of the protein, as is commonly done in 
pET vectors. 

Jang et al. (2009) used a pET26b vector to express a 10 
kDa recombinant human RIP-associated ICH-1 homologous 
protein with a death domain (RAIDD), which is involved in 
apoptosis, incorporating a C-terminal 6×His-tag in E. coli 
BL21 (DE3) cells. This protein was purified by affinity chro-
matography and gel filtration. Although it has been known 
that the majority of death domains (DDs) are not soluble 
under physiological conditions, RAIDD is soluble and it 
interacts tightly with a p53-induced protein with DD (PIDD) 
under physiological conditions. The amount of protein 
expressed using the pET26b vector was sufficient for a fur-
ther crystallization study. Park et al. (2008) achieved strong 
overproduction of the 35 kDa HPr kinase/phosphorylase 
from Leuconostoc sp. after induction with 1 mmol/l IPTG in 
the same pET expression system and produced a functional 
protein. Feng et al. (2011) used the same pET vector and 
BL21 (DE3) strain of E. coli to express a 15 kDa recombinant 
VP0 protein of enterovirus 71, which was present mostly in 
inclusion bodies. However, they succeeded in solublizing and 
renaturating the protein which was then used for producing 
polyconal antibodies in guinea pigs. Taken together, it can be 
seen that the solubility of individual heterologous proteins 
produced by E. coli cells can vary greatly when using the 
pET26b vector expression system even under very similar 
conditions (Terpe, 2006).

In our initial experiments we selected two E. coli strains, 
BL21 (DE3) and Rossetta (DE3), in which to express the 
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recombinant M3 protein from both MHV-72 and MHV-
68. We optimized both cultivation and induction condi-
tions for the proper production of soluble M3 protein. We 
successfully purified both M3 proteins under denaturing 
conditions, achieving comparably efficient production of 
pure M3 from both viruses (about 10 mg/l of medium). 
The purification of native M3 protein needed to be widely 
modified since the yield of native protein purified accord-
ing to manufacturer΄s instructions was very low (below 
0.1-0.2 mg/l) and was detectable only by chemiluminescent 
dye using an antibody conjugate against the poly-histidine 
anchor of recombinant protein. A lot of protein was present 
in the insoluble fraction; this often occurs when prokaryotic 
systems are used to express eukaryotic proteins (Martínez-
Alonso et al., 2009).

Although comparable amounts of protein were expressed 
in both the BL21 (DE3) and Rossetta (DE3) strains, in the 
next experiments, the Rossetta (DE3) strain was preferred 
because it is able to supply tRNAs for the naturally under-
represented codons (AGG, AGA, AUA, CUA, CCC, GGA) 
(Henaut and Danchin, 1996) encoded by the chloramphen-
icol-resistant plasmid pRARE, thus minimizing possible 
translation errors during the expression of heterologous 
proteins in E. coli (Scorer et al., 1991). In the following ex-
periments we also optimized both the growth conditions of 
the expression cells and the protein purification procedure. 
We found that the amount of M3 protein produced following 
induction was greater at 37°C for 2 hrs than at 22°C for 4 hrs, 
while the proportion of soluble M3 protein was roughly the 
same. To reduce undesirable protein aggregation, we added 
SB-14 and glycerol to the lysis buffer. We found that disrup-
tion of the cells using a French press was more efficient than 
using sonication (although it should be noted that the effect 
was strongly dependent on the volume of cell suspension; 
sonication worked just as well when used for small scale 
purification). We also lowered the salt concentration in the 
lysis buffer from 300 mmol/l to 100 mmol/l, and we carried 
out an additional column washing with buffer containing 
25 mmol/l imidazole to remove additional contaminat-
ing proteins. With these changes, we were able to increase 
the yield of purified M3 proteins to a level high enough to 
analyze its biological properties. We were also able to verify 
identity, purity, and integrity of MHV-72 M3 protein by 
partial N-terminal sequencing. Although the yield of M3 
protein purified under native conditions was lower than 
under denaturing ones (about 10 times) it was still sufficient 
for the further characterization of its biological properties. 
A better yield of native M3 protein might be achieved by 
trafficking the protein into the periplasm, thus avoiding 
its accumulation in cytoplasmic inclusion bodies, however 
some disadvantages of this method have been described 
by Chatel et al. (1999), including a not fully spliced signal 
sequence, incorporation of a portion of the protein into the 

cell membrane, and mis-folding of the protein. The huge 
list of possible modifiable parameters which might reduce 
inclusion body formation includes gene dosage, promoter 
strength, mRNA stability, protein and genetic engineering 
and over expression of folding modulators (Martínez-Alonzo 
et al., 2009). It should be mentioned that sometimes the use 
of other bacteria (e.g. Bacilli) or baculovirus-mediated ex-
pression of protein is the only way to overcome this problem 
(Zhou et al., 2011; Terpe, 2006). Additional changes to the 
expression and purification procedure which might increase 
the yield of soluble protein are being investigated.

In this study, we prepared an expression system which is suit-
able for producing recombinant M3 protein (vCKBP of murine 
gammaherpesvirus) in E. coli, allowing its chemokine binding 
properties to be studied. The use of this effective, inexpensive, 
and fast expression system should allow us to discover how a co-
don changing mutation changes these binding properties. This 
would then contribute to a greater understanding of this protein 
and how to utilize its unique properties in gene therapy.
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