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Introduction:-

Measles virus, the causative agent of measles belongs to the family of Paramyxoviridae and is placed under the
genus Morbillivirus. It is an enveloped, pleomorphic, single-stranded RNA virus. The genome is non-segmented
with a negative polarity. The RNA is 15894 nucleotides in length. Two receptors CD46 and SLAM/CD150 on host
cell are reported for the entry of measles virus. The virus is oncotropic and oncolytic in nature.

The viral nucleocapsid protein (N protein) in tightly associated with the measles virus RNA to form helical structure
and confers stability to the genome by protecting it from degradation by nucleases®. It comprises of two domains: 1)
NCORE: an N-terminal domain consisting of 1-400 amino acids and 2) NTAIL: a C-terminal domain consisting of
401-525 amino acids. The NCORE is responsible for RNA binding and self-assembly?. The NTAIL is associated
with the formation of ribonucleoprotein (RNP) complex®. The NTAIL is proposed to interact with Hsp72, IRF3,
FygRIl and NR*".

The P gene encodes the phosphoprotein (P protein), which attaches with the nucleocapsid protected RNA complex
to give rise to ribonucleoprotein (RNP) complex®. It also attaches with the large protein and thus remains as a part of
RNA dependent RNA polymerase and acts as a cofactor. L protein recognizes RNP. The P protein can also be
viewed as N-terminal domain (PNT) and C-terminal domain (PCT). The PCT is responsible for transcription,
whereas genome replication requires both PNT and PCT. It is reported to be associated with the suppression of host
immune s;{gtem. It can also stimulate the degradation of STAT1®. It can inhibit the phosphorylation of Jak1® as well
as STAT1™.
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N protein is repoted to be anti-apoptotic in nature and promotes lysis of cancer cells by syncytia formation**. So it is
vital to check its interacting partners and the pathway that may be modulated by the viral protein. Here we also
studied the interaction of host proteins with P protein. We have chosen HelLa cells for this study. It was observed
that N and P interact with PTK2 and PI13K signaling pathways. This result may help us to elucidate the possible roles
played by these proteins in cancer progression.

Materials and Methods:-

Sub-cloning:-

For expression of N and P proteins in bacterial system, both genes were sub-cloned in pET-28a+ from pCA-P (a
kind gift from Prof. Martin Billeter). The forward and reverse primers used for N and P gene respectively were:
5’-CGTCATATGATGGCCACACTTTTAAGGAG-3’ (Forward primer N)
5’-CGTCTCGAGCTAGTCTAGAAGATTTCTGT-3’ (Reverse primer, N)
5’-ATTCATATGATGGCAGAAGAGCAGGCACG-3’ (Forward primer P) and
5’-CGGCTCGAGCTACTTCATTATTATCTTCA-3’(Reverse primer P) respectively. Two restriction sites,

(Ndel and Xhol), were introduced upstream and downstream of P open reading frame (ORF) to generate pET-28a+-
N/P construct. For mammalian expression system the genes were cloned in pcDNA3.1 vector. The restriction sites
used were Xhol and EcoRlI. The forward and reverse primers for N and P were:
5’-ATACTCGAGATGGCCACACTTTTAAGGAG-3’ (forward primer for N)
5’-ATAGAATTCGTCTAGAAGATTTCTGTCAT-3’(reverse primer for N)
5’-ATACTCGAGATGGCAGAAGAGCAGGCACG-3’(forward Primer for P)
5’-CGCGAATTCCTTCATTATTATCTTCATCA-3(reverse primer for P) respectively.

HeLa Cell Culture and Protein lIsolation:-

HelLa cells (a human cervical cancer cell line), was sub-cultured in T75 dish using complete DMEM media. The
dish was incubated at 37°C, in 5 % CO2 and humidified atmosphere. When the cells reached 90% confluency, the
media was withdrawn from the T75 flask. The cells were washed with 1X PBS, trypnized, and harvested by
centrifugation at 1,500 rpm for 1.5 minutes. After discarding the supernatant the cells were rewashed with 1X PBS.
The cells were incubated in lysis buffer [Tris-Cl pH 7.4 (50 mM), NaCl (150 mM), EDTA pH 8.0 (1 mM),
IGEPAL-CA-630 (1%), SDS (0.1%), PMSF (1 mM), Sodium deoxycholate (0.5 %), Glycerol (10 %)] for 30
minutes at 4°C. The extracts were cleared by centrifugation at 12,000 rpm for 30 minutes at 4°C.

Protein Expression and Purification:-

The constructs pET-28a+-N/P were transformed in Codon Plus and BL21 DES3 strains respectively. The primary and
secondary cultures were prepared according to standard laboratory protocols using suitable antibiotics (for N protein
final concentration of kanamycin and chloramphenicol used were 30 pug/ml and 20 pg/ml respectively; for P protein
final concentration of kanamycin used was 30 pg/ml). Following that it was induced with IPTG (working
concentration: 0.1-0.2 mM) and kept in shaker incubator at 220 rpm. For N protein it was kept at 12°C for 15-16
hours, whereas for P protein it was kept at 30°C for 8-10 hours. After incubation the culture was centrifuged at 7,500
rpm for 12 minutes at 4°C.The pellet was collected and re-suspended in buffer (per 1 g pellet, 6 ml of buffer was
added; composition of resuspension buffer is given below) by incubating a 37°C for 30 minutes in water bath. The
cell suspension was subjected to sonication (20 kHz with 30 seconds pulse and 1 minute rest for five times). This
was centrifuged for 30 minutes at 4°C at 12.000 rpm. The supernatant was collected in a fresh Falcon tube. TheHis-
tagged proteins were affinity purified using Ni-NTA agarose beads. This was followed by gel filtration in
Sephacryl™ S-200 HR Column. The protein was further concentrated up to 2 ml in centricon, quantitated by
Bradford Assay and electrophoresed on 10% SDS PAGE to check its quality. The buffer composition was as
follows: re-suspension buffer (25mM Tris pH 8, 250mM sodium chloride, 3mM beta-mercaptoethanol, 5% glycerol,
0.1% Triton-X 100, 1mM PMSF), equilibration buffer ( 25 mM Tris pH 8, 250 mM sodium chloride, 3mM beta-
mercaptoethanol), wash buffer(25mMTris pH 8, 250mM sodium choloride, 3mM beta-mercaptoethanol, 50mM
imidazole) and elution buffer (25mMTris pH 8, 250mM sodium choloride, 3mM beta-mercaptoethanol, 500 mM
imidazole ).

Pull Down Assay:-

50 pl of Protein G beads were taken in a microfuge tube and washed with 1X PBS. 5-10 pg of anti-N/ anti-P
antibody was incubated for 30 mins at 4°C with the beads in presence of 1X PBS and 0.2% Tween 20. 5-10 pg of
purified protein (Nucleocapsid protein / Phosphoprotein) was incubated with antibody coated beads for 1 hr at 4°C.
Again this was incubated for 2 hrs at 4°C with pre-cleansed cell lysate. Washing was done with 1X PBS. Elution
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was done with a buffer having high salt concentration (800mM NaCl). The eluate was analyzed by SDS PAGE after
removing salt by gel filtration. The corresponding bands were trypnized and submitted for MALDI-TOF Analysis

Semi-Quantitative Real Time PCR:-
Semi-quantitative real time PCR was carried out according to the protocol as reported earlier*. For this study the
oligonucleotides used are listed below in Table 1.

Table 1:- The oligonucleotides used in our study are listed below

Name of Gene | Forward Primer (5°-3°) Reverse Primer (5°-3°)

Bcl-2 CTGCACCTGACGCCCTTCACC CACATGACCCCACCGAACTCAAAGA
Bcl-xL GATCCCCATGGCAGCAGTAAAGCAAG | CCCCATCCCGGAAGAGTTCATTCACT
cdc 42 AGGCTGTCAAGTATGTGGAG ACAGAGGTTGCTCTAAGGTG

RhoA GCAGGTAGAGTTGGCTTTATGG CTTGTGTGCTCATCATTCCGA
Results:-

Protein Expression and Purification:-

The purified proteins were analyzed by SDS PAGE. For N protein a sharp band was observed at 60 kD. For P
protein two bands were observed between 50-60 kD. P protein contains 32 proline residues, as a consequence during
migration this protein attain different structural forms. This may be the reason of getting two bands in gel. The bands
of interest were excised, trypsinized and submitted for mass analysis. Peptide mass fingerprints generated by
MALDI-TOF and the identity of respective proteins were established by comparing the fragments with information
available in Mascot database (Fig. 1, 2). Protein concentration was estimated by Bradford assay. The concentration
of N protein was 1.7pg/pl and that of P was 2.4 ug/pl. Best expressions of N and P proteins were obtained at 12°C
and 30°C with an incubation period of 16 and 8 hours respectively after 0.2 mM IPTG induction.

Finding potential interacting partners for the viral N and P proteins by pull down assay:-

To detect the interacting partners of N and P proteins we conducted pull down assay experiment separately and
visualized the binding proteins on SDS PAGE (Fig. 3A, B). The corresponding bands were separated, trypsinized
and submitted for MALDI-TOF Analysis. The probable interaction partners found after Mascot search are presented
in Fig. 3C.The binding partners identified for N were cholinergic receptor, protein tyrosine kinase 2, hCG, Igy 2
heavy chain, mutant cardiac troponin I, and voltage operated calcium channel. The binding partners identified for P
protein were KLHL23 protein, P13k, anti-streptococcal/ anti-lysoganglioside Ig heavy chain, potassium voltage
gated channel, adaptor related protein complex, and SH2 domain containing protein.

Analysis of expression of downstream molecules of the respective signaling pathway with which N and P may
interact:-

Only one interacting partner for each of N and P proteins was chosen -protein tyrosine kinase 2 (PTK2) for N
protein and phosphatidylinositol 3 kinase (PI3P) for P protein. The expression of certain GTPases like RhoA and
cdc42 is regulated by PTK2. The expression of these GTPases at mMRNA level was checked by quantitative real time
PCR in N expressing cells, taking pcDNA vector transfected cells as control. It has been reported that the gene
expressions of these GTPases were up regulated in cancer cells. The expressions of anti-apoptotic genes like Bcl-2
and Bcl-xL at mRNA level was also checked by quantitative real time PCR. Both were found to be increased
significantly in P-expressing cells as compared to the vector (pcDNA) transfected cells. PI3K/Akt pathway
modulates the expression of anti-apoptotic genes (Fig. 4A, B).

All statistical analysis was performed by using GraphPad Prism. For unpaired student’s t test a value was considered
significant when p<0.05. The experiments were done in triplicate.
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Figure 1:-Protein Purification.(A) N protein purification by Ni-NTA Column. (B) P protein purification by Ni-NTA
Column. After IPTG induction at the 12°C for N protein and 30°C for P protein, the bacterial cell pellet was
collected by centrifugation, re-suspended in lysis buffer, sonicated and centrifuged. The supernatant was collected
and passed through Ni-NTA Column for affinity purification of his-tagged proteins.
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Figure 2:-Mass Analysis. (A) List of peaks and peptide matches for N protein and (B) List of peaks and peptide
matches for P protein (Samples 1 and 2) obtained by MALDI-TOF Analysis.
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Figure 3:-Pull Down Assay. (A) Binding partners for N protein. (B) Binding partners of P protein. (C) A list of N-
and P-interacting proteins as deduced following Pull down assay and MALDI-TOF analysis of the eluted proteins.
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Figure. 4:-Quantitative Real Time PCR.(A) mRNA expression levels of cdc42 and RhoA were diminished in cells
expressing N protein. (B) mRNA expression levels of both Bcl-2 and Bcl-xL were increased significantly in cells

expressing P.
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Discussion:-

PTK2 gene product is protein tyrosine kinase 2 (PTK2) is also known as focal adhesion kinase (FAK) 3. It plays a
vital role in celular adhesion. When PTK2 is blocked, the cells become less motile and consequently less
metastatic'®. Structurally this protein contains the C-terminal domain, the N-terminal domain and a
catalytic/regulatory domain. The C-terminal domain, consisting of 159 amino acids, targets this protein to focal
adhesions. This moiety contains four alpha helices that are reported to be arranged in bundle and is associated with
signal transduction** *°. The N-terminal domain suppresses the signaling process of PTK2 by preventing the
activation of kinase domain. This prevention of activation occurs due to hydrophobic interaction between N-terminal
domain and kinase domain®®. The catalytic domain is located between amino and carboxy terminal domains. Within
this kinase domain the activation loop is phosphorylated to ensure the kinase activity of PKT2'. This signaling
pathway is associated with apoptosis and celular migration. When PKT2 is overexpressed, apoptosis is inhibited and
the prevalence of metastatic tumor is increased™® °.

The cell adhesion to the extra cellular matrix (ECM) components is mediated by integrin family of cell surface
receptors. Here a signaling cascade is initiated; this organizes the actin cytoskeleton and alters gene expression.
PTK2 is reported to be associated with integrin signaling. Graf, a new member of the GTPase activating protein
(GAP) family of GTPase regulator interacts with the C-terminal domain of PTK2 to stimulate the GTPase activity of
the GTP binding proteins Cdc42 and RhoA. Graf may mediate crosstalk between PTK2 and the Rho family GTPase
to control signaling events®.

Here the mRNA expression levels of Cdc42 and RhoA were studied by quantitative real time PCR. It was found that
mRNA expression levels of both Cdc42 and RhoA were decreased when N protein was expressed in Heal cells
compared to the vector (pcDNA) transfected cells. Both Cdc42 and RhoA were reported to be over expressed in
many types of cancers. The interaction of N with PTK2 might suppress the expression of these GTPases to check
cancer progression.

The Akt/ PI3K signaling pathway is associated with cell growth, survival, proliferation and migration. The major
proteins involved here are phosphatidylinositol 3-kinase (PI13K) and protein kinase B (Akt). Any stimulation by
external growth factors activates cell surface receptors and consequently phosphorylation of PI3K. The latter
activates plasma membrane lipids to form a second messenger named phosphatidylinositol (3, 4, 5) triphosphate
(PIP3). Following this recruitment of Akt, a serine/threonine kinase, to the plasma membrane occurs and
subsequently downstream processes are initiated®! %,

The Akt/ PI3KPathway suppresses some transcription factors inside the nucleus to enhance the transcription of anti-
apoptotic genes, as for example the Fork head family transcription factors (FoxO/ FH)?* % Toensure expression of
pro-survival genes it also acts as positive regulator of some transcription factors. It phosphorylates and thus activates
IKKa thereby causing degradation of IxB and subsequently nuclear translocation of NFxB occurs. This increases
expression of caspase inhibitors like Bcl-xL and cMyb® %. It also phosphorylates cAMP response element binding
protein (CREB) at Ser133, stimulating recruitment of CREB2-binding protein (CBP) and Bcl-2, to the promoter of
target genes”’.It is also a negative regulator of pro-apoptotic proteins. The phosphorylation of the Bcl-2 family
member, BAD, on Ser136 causes its translocation from the mitochondrial membrane to the cytosol. There it is
sequestered by 14-3-3 proteins (a family of conserved regulatory molecules, expressed in all eukaryotic cells)®. This
pathway is reported to promote G1-Sphase cell cycle progression by phosphorylating glycogen synthase kinase 3
(GSK3) at Ser9. This phophorylation causes an inactivation of the molecule thereby preventing the phosphorylation
and degradation of cyclin D1.It also promotes cell migration by establishing interactions with cytoskeleton
components. It phosphorylates vimentin at Ser39, thereby preventing its degradation. The activation of Akt is
associated with malignancy®.

Here the mRNA expression levels of two anti-apoptotic genes (Bcl-2 and Bcl-xL) were studied. It was found that the
expression levels of anti-apoptotic genes were increased and that of pro-apoptotic gene was decreased. Therefore it
might be concluded that P protein might interact with PI3K/Akt pathway to enhance proliferation in HeLa cells. The
study presents an example of interaction and presumably co-evolution of viral molecules vis-a-vishost cell
molecules and formation of regulatory circuits. The results open up new vistas for inquiry as to how measles virus N
protein could modulate important physiological functions of the host via their interaction with cholinergic receptor,
hCG, mutant cardiac troponin and voltage operated calcium channel. Similarly physiological consequence of viral P
protein interaction with PI3K, anti-streptococcal immunoglobulin heavy chain and voltage-gated potassium channel
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remain to be studied with reference to the bearing they may have on pathogenesis. It is clear that N and P proteins
have contrasting effects on expression of pro- and anti-apoptotic molecules.
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