Computer Prediction of Nuclear Localization Sgnals of HPV E6 Proteins

RESEARCH COMMUNICATION

Computational Prediction of Nuclear L ocalization Signalsand
Structural Characteristics of 91 Types of HPV EG6 Proteins

Maryam Esmaeili, Hassan M ohabatkar*

Abstract

Human papillomaviruses (HPVs) are small DNA tumor viruses that replicate and assemble exclusively in
thenucleus. Thustheir proteins, including E6, must carry nuclear localization signals(NL Ss) to enter thenucleus.
To analyze and to predict the nuclear localization signals and several post translational modifications by
bioinformatics analysis, we obtained 91 E6 protein sequences from available databases. To investigate the
localization of these sequences, we used Hum-Ploc software. Homology and alignment of sequences were
performed by Blast softwareand M ultalin server respectively. Prediction of N-glycosylation and serine, threonine
and tyrosine phosphorylation sitesof HPV EG6 protein sequenceswas accomplished with NetNGlyc and NetPhos
softwar e. Out of 91 types, the NL Ssof 29 typeswere predicted by signal-3L and signal-CF software. Wetried to
predict the NL Ss of remaining HPV E6 proteins according to the homology of the already predicted NL Ss.
However, because of considerable variation between E6 protein sequences, we could not classify the NLSs in
monopartiteor bipartite. Accordingtotheresults, all NL Ssof HPV E6 proteinscould beassigned to 11 categories.
NL Ss of several HPV E6 protein sequences were also determined by experimental studies. Overall, different
typesof HPV E6 protein in same category show approximately similar pattern in post translational modifications
such asN-glycosylation and phosphorylation. SomeHPV “early” genes, such asE6, areknown to act asoncogenes
that promotetumor growth and malignant transfor mation. Thusmoredetailed recognition of nuclear localizing
sequences and nucleocytoplasmic transport pathway can play a key rolein prevention and treatment of HPV
infection and related cancers. The results also show that bioinformatics technology can direct and simplify
experimental studies.
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Introduction

Human papilomaviruses (HPVs) areicosahedral DNA
tumor viruses that infect squamous epithelial cells of the
skinor of the anogenital and oropharyngeal mucosa. HPV
infection is associated with more than 90% of all cervical
cancers, which isthe second | eading cause of cancer death
among women worldwide (Roux and Moroianu, 2000;
Zur Hausen, 2000). HPV typesareclassified aseither high
or low risk, depending on whether they are associated with
malignant or benign lesions, respectively (Zur Hausen,
1991; Gussione et d., 2002). The HPV genome encodes
for early proteins including E1, E2, E4, E5, E6, and E7
and for late proteinsincluding L1 and L2 (Harvard et al .,
2004).

Among the early proteins, high risk E6 and E7, the
two viral oncoproteins, appear to be most important for
malignant conversion, as demonstrated by their capacity
toimmortalize and transform keratinocytes and epithelial
cells. Low risk HPV E6 and E7, however, lack such
biological activity (Tao et a., 2003; Band et a., 1993;
Hawley-Nelson et al., 1989; Liu et al., 1999).

Biochemically, highrisk E6, but not low risk E6, interacts
with EGAP and tumor suppressor protein P53 to induce
the ubiquitination-mediated degradation of P53 (Munger
etal., 1989; Scheffner eta., 1990; Tao et a., 2003). High
risk E7 interacts with tumor suppressor protein pRb to
promote cell cycle progression (Munger et al., 1989;
Scheffner et al., 1990; Boyer et a., 1996). Thus, inter-
action with cellular tumor suppressor proteins and
perturbation of normal cell cycle controlled by high risk
E6 and E7 arethe most important influencesfor malignant
conversion (Song et al., 2000; Mantovani and Banks,
2001; Munger et al., 2001).

E6 cooperateswith activated rasin the transformation
and immortalization of baby mouse kidney cells (Storey
and Banks, 1993; Sherman and Schlegel, 1996) and baby
rat kidney cells (Liu et al., 1994; Sherman and Schlegel,
1996). High risk E6 isknown to be functionally involved
in regulation of gene transcription and can interact with
other transcription factors and coactivators including
p300/CBP (Patal et a., 1999; Roux and Moroianu, 2000;
Tao et al., 2003), IRF3 (Ronco et al., 1993; Roux and
Moroianu, 2000; Tao et a., 2003), and c-Myc (Gross-
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Mesilaty et a., 1998; Roux and Moroianu, 2000; Tao et
al., 2003). The multifunctional activity of E6 is not
restricted to the nucleus. This protein can act asaregul ator
of signal transduction through interactions with
cytoplasmic proteinssuch asE6BP, E6TP(Tao et a ., 2003)
and thus results in modification of several cellular
activities, including differentiation, signal transduction,
cytoskeletal structure, cell polarity, and DNA replication
(Thomas et al., 1999; Roux and Moroianu, 2000; Tao et
al., 2003; ). HPV E6 proteins contain four zinc-binding
motifs, Cys-X-X-Cys; forming two Cys-Cysfingers that
bind zinc directly ( Kanda et al., 1991; Sherman and
Schlegel, 1996).

These features of E6 categorize it as a nucleophilic
protein, like nuclear proteins in general. The E6
oncoprotein localizes to the nucleus and/or in the
cytoplasm (Kanda et al., 1991; Lechner et al., 1994,
Sherman and Schlegel, 1996; Harvard et al., 2004) and
bind nonspecifically to DNA (Malion et al., 1987;
Sherman and Schlegel, 1996).The E6 proteins must carry
nuclear localization signals (NLSs) to enter the nucleus.
Thebasic paradiagram for nuclear import isthat the NLS
cargoisbound (either directly or indirectly viaan adaptor)
by an import receptor in the cytoplasm, translocated
through the nuclear pore complex (NPC) and released
inside the nucleus. The receptor and the adaptor are then
recycled back to the cytoplasm in a form competent for
another round of import (Roux and Moroianu, 2000). The
structural and functional characteristics of HPV E6
proteins would suggest that the nuclear import of these
play akey rolein HPV infection and production. So it is
important to investigate the NL Ss of HPVs.

To date, approximately 130 HPV types have been
isolated but only a few NLSs of HPV EG6 proteins have
been experimentally determined. In this study, we tried
to predict nuclear localization signals and severa post
trand ational modificationsof 91 typesof HPV E6 proteins
by biocinformatics analysis.

Materialsand M ethods

Sequences
The HPV EG6 protein sequences were obtained from
the following databases:
http://www.ncbi.nlm.nih.gov/
http://beta.uniprot.org/uniprot/
http://ca.expasy.org

Prediction of NLS of HPV E6 proteins

To investigate the localization of these sequences,
Hum-Ploc server was used which was available at: http:/
/chou.med.harvard.edu/bi oinf/Hum-Ploc (Chou and Shen,
2008; Chou and Shen, 2007; Chou, 2005; Shen and Chou,
2005).

To identify potential NLSs in protein sequences that
localized in nucleus, PredictNLS, Signal-3L and Signal-
CF web servers were applied which were available at:
http://chou.med.harvard.edu/bicinf/PredictNL S (Cokol et
al., 2000); http:// chou.med.harvard.edu/bioinf/Signal -3L
(Shen and Chou, 2007; Chou and Shen, 2007; Chou, 2001,
Shen and Chou, 2006); http://chou.med.harvard.edu/
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bioinf/Signal-CF (Chou and Shen, 2007; Chou, 2001;
Shen and Chou, 2006).

A useful tool for analyzing the homology of all types
of HPV EB6 protein sequencesisBLAST (Gasteiger et al.,
2003) available at: http://au.expasy.org/tools/blas

To align the sequences, the following web server was
used: http://bioinfo.genopol e-toulouse.prd.fr/multalin/
multalin (Corpet, 1988).

Prediction of post translational modifications of HPV E6
protein sequences

Prediction of N-glycosylated and serine, threonineand
tyrosine phosphorylation sites of HPV EG6 protein
sequences were performed by NetNGlyc and NetPhos
software (Blom et a., 1999).

Results

Prediction of NLS of HPV EG6 proteins

The full sequences of 91 types of HPV E6 proteins
were obtained from available databases. Out of 91 types,
the NL Ss of 29 types were predicted by Signal-3L and
Signal-CF software but PredictNL S software could not
predict any NLSs in any of the sequences. Because of
considerable variation between E6 protein sequences we
could not classify the NLSs in monopartite or bipartite.
The NLSs of the remaining HPV types were predicted
according to the homology of the previously predicted
NLSs.

According to the results, al of NLSs of HPV E6
proteinswere categorizedin 11 categories (Table 1). These
deviationswere based on the homol ogy of HPV sequences
that were obtained from BLAST and Multalin software.
NLSs of several HPV E6 protein sequences were also
already determined by experimental studies such asHPV
types 16 (Tao et a., 2003). To predict the NL S of several
E6 protein sequences, we used the NLS of HPV16 E6
protein that was obtained from experimental studies(Table
2).

Prediction of post translational modifications of HPV E6
protein  sequences

Out of 91 types of HPV EG6 proteins, N-glycosylation
sites (in specific sequence, Asn-Xaa-Ser/Thr) of 41
sequenceswere predicted by suitable software. Forty eight
percent of all sequences contained Isoleucine, Leucine or
Threonine in the second position (Xaa) of specific
sequence. Eight types of E6 proteins contained morethan
one N-glycosylated site in their sequences and 16 types
of E6 proteinswere glycosylated inAsn-20, Asn-21or Asn-
22. Out of 29 HPV sequences that servers can predict
NL Ssfor them, only two sequences (HPV 7 and HPV 36)
haveglycosylated siteintheir NLSs. Majority of 91 types
of HPVs were phosphorylated on certain Serine,
Threonine and Tyrosine amino acids in their sequences.
Typesof 2, 2a, 27, 27b, 57 and 57¢ were phosphorylated
on Serine amino acids and types of 49, 54 and 76 were
phosphorylated on Tyrosine amino acids only. Out of 29
HPV sequences that servers can predict NLSs for them,
only four sequences (HPV 3, HPV9, HPV10 and HPV 17)
do not have phosphorylated site in their NLSs.
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Table 1. Homology Analysis of NL Ss of 91HPV E6 Proteins - Division into 9 Categories

Type Accession No. NLS Type Accession No. NLS
Category 1 Category 7
HPVIA PO6929  IMATPIRTVRQLSE13* HPV09 P36801  1MYLTEQIMDRPKPRTVKELADTLVI25*
HPVE3 Q07855 MDLTSVHSVRDLSS HPV80 056952  MDRPKPSSVQELADTLCI
Category 2 HPV15 P36804  MDRPKPFSVQQLADTLCI
HPV02 A3F905 1MHTRAGMSEENPCPRNIFLLCKEYGLEL- HPV17 P36805 MDRPKPQTVRELADTLCI
EDLRLLCVWCKRPLSEA4S HPV23 P50776  MQTVHYLSRMCYTKLLMDSTRPLTVQQLSDKLTV
HPV2A P25484 \“f\f’EciNRPFiP;\‘A'F"LCKEYGLELEDLRLLC’ HPV22 P50775  MQPLVVIYALLAYYLSRMGCY SVFMAL-
QRPLTVQQLSDKLTV
HPv27 P36808 II\EALRI;I—:LARGLT (S;i’\(‘:';cRT:\g;;LCKQYGL' HPV38 Q80907  MELPKPQTVQQLSDKLTV
HPV27b Q4H2F3 MRTRAGMSEENPCPRNIFLLCKQYGLELEDL- HPV 380 QAJHAS  MELPKPQTVQQLSDKLTY
RLLCVYCRRALSDA Cateqory 8
HPV57 P22158  MSEENPCPRNIFLLCREYGLELEDLRIL- egory
HPV19 P368061 ANAQATEEEIEIVEEGTTAPQVTEPPLPATIAGL-
CVYCKRPLSDA AALLEIPLDDCLVPCNFCGKFLSHLE A61*
HPV57c AB8CG50 MSAENPC CREYG CV-
:\:I o E:_ S;TNIFLL REVGLELEDLRILCY HPV14 P28830  MATTDSSTDSADEGPSPKSSY CDTTETKSSFLEPPL-
Category 3 PATICGLANLLEIPLDDCLIPCNFCGNFLTHLEV
HPVO03 P36799  1MAVAMSMDANCPKNIFLLCRNTGIGFDDLRLHC- HPV21 F288332  MADSSTDSADEGPSPKRRHLEEENTSSFLEPRLPA-
IFCTKOLTTTEL QAFAL REL 53* TIRDLANLLEIPLDDCLVPCNFCGNFLTHLEV
HPV 28 P50802  MDDQRPKNIFLLCRDSGISFDDLRL- HPV20 P2883L  MATPPSSEDS --rr-rrooooooeeoee NIGEAKFPILEPPL-
PATICGLAKLLEIPLDDCLIPCNFCGNFLTHLEV
HCIFCAKVLTTAELSAFALREL
HPV94 Q705D2  MSMGAQEPRNIFLLCRNCGISFEDLRL- HPV25 P28833  MATANAEQSIGP----------rr-- PEQAQVIQPPL
CCVFCTKQLTVAELTAFAL REL PATITDLAALLEIPLDDCLVPCNFCGNFLTY LEI
HPV77 056946  MSTSDGRPKNIFLLCRDSGIPFDDLRLL- HPV24 PSO777  MAQPGKPQSVLELSRLLNIPLDDCVVPCNFC-
CVFCTKELTTAELAAFTIREL KRALSYTEL
HPV29 P50803  MSRGDGYPKNIFLLCRDSGVPFEDL- HPVI3 Q6TY36  MVYKADILMAAVSKPQTITELARCLG-
RLQCVFCTKELTSPELAAFCIREL IPLEDALVPCNFCKKFLTYLEV
HPV10 P36802  MSMGAQEPRNILLLCRNCGIPLEDLR- Category 9
LCCIFCTKQLTAAELAAFALREL HPV53 P36815  1MDRQLFENTEERPRTLHQLCEVVN-
Category 4 KPLLELQLGCVFC37*
HPV04 Q07854  IMADGRPATLDDFCRRFDISFFDLRLTCIFCSHT- HPV30 P36809  MAFKFENTGERPRTVHHLCEVQETSLLELQLQCVYC
VDLADLALFYLKKLSLVFRGNCY YACC60* HPV66 Q4PZJ0  MDSIFSNTQERPRSLHHLSEVLQIPLLDLRLSCVYC
HPV95 Q705D9 MANGRPTTLDEY CRRFDISFFDLRLPCIFCFHPV- HPV56 P24836  MEPQFNNPQERPRSLHHLSEVLEIPLIDLRLSCVYC
DLAELASFYIKKLSLVFRGSCY YACC HPV51 P26554  MFEDKRERPRTLHELCEALNVSMHNIQVVCVYC
HPV65 Q07856  MADGRPAALDDFCRRFDISFFDLHLTCIFC- HPV 26 P36807  MFEDPRERPRTLHELCESLNTTLQNLQVQCVYC
SHTVDLQDLASFYLKKLSLVFRGGCY YACC HPV69 Q9JH51  MFQDPRERPRTIHELCEALNTPLQSLQVQCVYC
HPV88 ABRBM7 MQMEDSYLPKRLDDFCSIFNISLFDVHLPCIFCGYIL- HPV82 Q9IR59 MFEDIRERPRTLHEL CEACNTSMHNIQVLCVYC
DLQQLGSFY QKQLSLVWRSGACFACC Category 10
HPV60 Q80941  MQMEEDRFPTTVADY CSEFDIPLKDLKLKCVFC- HPV72 Q81997  IMPMGLHNPTNIWLLCKEIEVDLEDLRITCIFCK-
RFYLTEQQLAAFYIKNLKLVWKNRYCFACC NELTTEELLAIAIKELQIVWR54*
HPV48 Q80920  MEPQFPTDLDSYCKYFNISFFDLVLKCIFCK- HPV61 Q80948  MGPCNPTNIFLLCKDYEVDFEDLRLTCVFC-
FSVSIVDLASFHNKRLSVIWRDNTPFACC KNELTTEELLAFALKELSIVWR
HPV50 Q80927  MEPQRAKNLVDY CKQQQISFFELELQCLFCKF- HPV81 Q705E9  MVSTAVMSLGPANPTNLFLLCKECEVDLDDLQL-
VITLPDLASFHCKKLALVYRDGIAFAAC TCIFCKKELTVGELLSFAIRELNLVWR
Category 5 HPV62 QB676V2  MTAGPARPTNLFLLCKEYDVDLDDLHL-
HPV05 PO6930  IMAEGAEHQQKLTEKDKAELPLSIRDLAEALG31* TCIFCKTDLSAGEL L SFAIRELHVVRR
HPV5b P26556  MAEGAEHQQKLTEKDKAELPSTIRDLAETL HPVS83 QOWNNO MSGVRYPTNIFLLCKDCEVDLEDLRL-
HPV36 P50810  MAEQASEQQNITEKEKEQLPLTIKGLSESL |CIY CTNELTTAEVL SFAWKEL CIKWR
HPV47 P22422  MAQKALEQTTVKE - EKLELPTTIRGLAQLL HPV 102 Q2VJCO  MSSARYPTNIFVLCKECEVDLEDLRLLC-
HPV08 P06428  MDGQDKASYLDTNKDELPSTIKELAAAL |Y CTTELTAAEVL SFAIKELCIKWD
HPV12 P36803  MAQQA-DQQTVTD-STPELPTTIKELADL HPV106  Q2VJC7 MGTYKRDMLLQHKIAMTNGDCCPKNIFLLCKAY-
HPVO7 P36800  1IMSARCGSTARTLFELCDQCNITLPTLQ- QLDLQDLNITCVFCKTALTEAEVVSFACKELKVVWR
INCIFCNSILQTAEVLARA4E® HPV84 Q99FX3  MPNGRYHPTNIFVLCQEYEVEFDDLRL-
HPV6EB P06462  MESANASTSATTIDQLCKTFNLSM- |CIFCKEELTEGEVLAFAVKELL IVWR
HTLQINCVFCKNALTTAEIYSYA Category 11
HPVI P04019 gg%féfj:{iig:i&mLSLHTL' HPV76 056940  1MARPAKVCELSQLLNIPISSMLIPCNFCTG30*
HPV75 056934 MARPAKVCELSQLLNIPISQILLPCNFCTG
HPV13 Q02269 miiﬁgii“;;g%ﬁ:cmw HSLQ- HPV49 P36813  MARPVKVCELAHHLNIPIWEVLLPCNFCTG
HPV6A QB4291  MESANASTSATTIDOLCKTFNLSMH- HPV107 A3RKL6 MLMDRPRTIVQLTQHLNIPVEDLLVPCKFCKR
TLQINCVFCKNALTTAEIYSYA ) )
HPV40 P36812  MSARCGSQARTLYELCDQCNITLPTL- Discussion
QIDCVFCKTVLKTAEVLAFA
HPV43 P19709  MSARSCSQNARTIFELCDECNITLP- .. . . .
Ta GCIESKKWLLTTEVLSFA A nuclear localizing sequence (NLS) isan amino acid
HPV44 P19710  MESANASTSAQSIDQLCKECNIPMH- seguence, which acts like atag on the exposed surface of
NLQILCVFCRKTLSTAEVY SFA a protein. This sequence is used to target the protein to
HPV32  P36810 ZSLS;?C“CSI\SNQ&;YL?SEEEYF;LLL the cell nucleus through the nuclear pore complex (NPC)
HPV42 P27229  MSGTSASSOPRTLYGQLCKEFGLTLRNL- apd_ todirect g.newly synth&_ei zed protein into the nucleus
QISCIWCKKHLTGAEVLAYH viaitsrecognition by cytosolic nuclear transport receptors.
HPV54 Q81018  MSATEPHTDQPRTLADLCKVCNIP- Traditionally, in order toidentify an NL S experimentally,
MHSLQLPCAFCKKTVCTAEIYA . .
HPV74 0BB5X0  MESANASTSAKSIDOLCKDCNIP both of the facts should be considered routinely. The

MHNLQISCVFCRKTLSCPEVYS

candidate should be deleted to disrupt the nuclear import
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Table2. Tentative NL SsBased on Homology Sequences

Type Accession No. NLS

HPV16 P03126 ERPRKL KCLKFYSK KQRHLDKKQR
HPV34 P36811 ERPYKL PCLLFYSK KQRHVDENKR
HPV35 P27228 ERPYKL KCLKFYSK KQRHLEEKKR
HPV73 Q82005  ERPYKL PCLKFYSK KQKHVDEKKR
HPV31 P17386 ERPRKL KCLRFYSK KQRHLDKKKR
HPV67 A4UTF2  EKPRNL QCLRLLSK KQRHVDRKKR
HPV33 P06427 EKPRTL LCLRFLSK KKRHVDLNKR
HPV58 P26555 EKPRTL KVCLRLLSK KKRHVDLNKR
HPV 39 P24835 ERPYKL SCIKFYAKIR ~ KLRHLNSKRR

HPV68 P54667 ERPYKL SCIKFYAKIR ~ KLRHLTTKRR

HPV70 P50804 ERPYKL KCIKFHAKVR  KLRHVNTKRR
HPV97  QlAHS5 KrpYkL KCLTFFSKIRE ~ KYKHLKDKRR
HPV45 P21735 QRPYKL CIDFYSRIRELR KRRHLKDKRR
HPV18 P06463 RRPYKL KCIDFYSRIRE ~ KLRHLNEKRR
HPV52 P36814 TRPRTL MCLRFLSK KERHVNANKR
mel80 P27962 ERPYKL SCIKFYAK KLRHLNSKRR

HUMAN Q9Y4Y4  qQrpykL KCIDFYSR KRRHLKDKRR

of the NLS; secondly, a non-nuclear protein will be
imported into the nucleusif fusedtotheNLS(Yangetal.,
2006; Tinland et al., 1992). These evidences show that
identification of the NLS motifs of approximately 130
types of HPVs by experimentsis very difficult asif only
NLS of HPV16 E6 protein was obtained from
experimental studies(Tao et al., 2003). Thebioinformatics
analysis could be useful for predicting new NLSs.
However the similar genomic positions of the E6 open
reading frames (ORFs) in all papillomaviruses, as well
as, the conserved pattern of Cysteine doublet motifs,
suggest that E6 proteins may share common functions
(Corossman et al., 1988) but The E6 proteins of all
papillomaviruses are poorly conserved. There fore, we
could not classify E6 proteinsinto monopartite or bipartite
by bioinformatics investigation. However, experimental
studies could demonstrate HPV16 E6 protein between
residues 120 and 151 (Sherman and Schlegel, 1996), 7
and 12, 65 and 72, and 115 and 124 (Tao et a., 2003),
harbored nuclear localization signals (NLSs), as deletion
of the regions could abolish nuclear staining (Tao et al.,
2003, Sherman and Schlegel, 1996). But the available
servers could not determine NL Ss of HPV 16 E6 protein.
Thus we noted that these results could not always
consistent with experimental results.

Some papillomaviruses proteins have been reported
to be post-translationally modified by glycosylation and
phosphorylation. N-linked glycosylation isone of themost
common post trandlational modificationsof proteininthe
exocytic pathway of eukaryotic cells. Viruses utilize host
cell glycosylation machinery to synthesize and process
oligosaccharides attached to viral glycoproteins.
Glycosylated proteins play an important role in viral
particle assembly and in adherence and penetration of the
virusinto thetarget cell (Zhou et al., 1992). There arefew
reports about the post translational modifications of
HPV 16 E6 capsid protein L1 and L2 but the role of
glycosylation is still unknown in early proteins of HPVs.
The phosphorylation of the early gene products HPV 18
E7and HPV16 E7, HPV1 E4, HPV16 E2 and HPV 11 E2
are well known (Fang et a., 1998) but their role are still
unknown (Zhou et a., 1992). Overall, different types of
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HPV E6 protein in same category show approximately
similar pattern in post translational modifications such as
N-glycosylation and phosphorylation. In conclusion,
identification of NLSs of HPV E6 protein would play a
key role in prevention and treatment of HPV infection
and allied cancers. Theresultsal so show that the different
types classified in the same category could share post
translational modifications and similar nucleoplasmic
transport pathway. Finally bioinformaticstechnology can
direct and simplify experimental studies.
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