Zika virus phosphoproteome through the computational
looking-glass and what we found there?

Zika virus (ZIKV), a mosquito borne disease, has been linked to congenital anomalies in
humans. Recent outbreaks of ZIKV have caused the scientific community to focus on this
previously neglected pathogen. Information regarding phosphorylation potential of ZIKV
proteins has yet to be elucidated. Deciphering phosphorylation potential of viral proteins is
important because it assists in viral replication and its association with host receptors.
Here, we present a vignette of the phosphorylation potential of ZIKV proteins using

computational approach.
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In wake of the recent outbreaks of ZIKV, which resulted in massive increase in microcephaly
in the affected areas, it has recently been declared as a global health emergency by WHO
(Heymann et al., 2016). Rapid analysis of mechanisms underlying the pathogenesis of this
virus is required for speedy development of therapeutics. Computational screening using
webservers trained on experimental phosphoprotein datasets is a handy method for quick
scrutinization of phosphosites in pathogenic proteins.

Virus protein phosphorylation aids in replication and disrupts the normal host-cell functions,
leading to pathogenesis (Schwartz and Church, 2010). Phosphorylation and
dephosphorylation of protein residues may also be involved in cell regulation/ signalling
processes (Basharat and Yasmin, 2015). Phosphorylation information is thus, critical for
understanding virus protein functionality and in drug design. Prediction of this post
translational modification for viral proteins has been attempted previously for Ebola virus
nucleoprotein (Yasri and Wiwanitkit, 2015), envelope 2 protein of Hepatitis C virus genotype
la (Afzal et al., 2011), envelope proteins of Hepatitis C genotype 5a (Gededzha et al., 2014),
Hepatitis G virus envelope glycoprotein E2 (Ranjbar et al., 2013), whole proteome of
rotavirus (Chattopadhyay et al., 2010), using computational webservers.

We have used support vector machine based computational method, ViralPhos
(http://csb.cse.yzu.edu.tw/ViralPhos/) (Huang et al., 2013), for phosphorylation potential
prediction of the ZIKV proteome. ViralPhos is specifically tailored for phosphorylation
analysis of viral proteins and probes virus substrate site motifs for identification of potential

phosphorylation sites on the viral proteins.

We identified a plethora of phosphosites in the whole proteome of ZIKV (Table 1). It is
anticipated that this information will be handy in further experimental studies focused on
phosphorylation of ZIKV proteins. This computational analysis provides rapid baseline
information and paves way for further elucidation of the phosphorylation in ZIKV
pathogenesis, until the availability of experimentally determined phosphoproteome of this

Virus.
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Table 1. Identification of phosphorylated sites on ZIKV proteome consisting of proteins.
Reference genome sequence with Accession no: YP_009227198.1 was used as an

information source of ZIKV proteins. Phosphorylated residue in the protein fragment is

underlined.

Protein Location | Length | Phosphorylated | Fragment
(amino | residue containing
acids) phosphorylated

residue

Glycoprotein | 291-790 | 500 322 HGGCVTVMAQD

E 337 DIELVTTTVSN

338 IELVTTTVSNM
339 ELVTTTVSNMA
366 DSRCPTQGEAY
371 TQGEAYLDKQS
405 KGSLVTCAKFT
416 CSKKMTGKSIQ
436 LSVHGSQHSGM
446 MIGYETDEDRA
456 AKVEVTPNSPR
459 EVTPNSPRAEA
465 PRAEATLGGFG
471 LGGFGSLGLDC
480 DCEPRTGLDFS
517 HAGADTGTPHW
540 HAKRQTVVVLG
553 EGAVHTALAGA
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590 RLKGVSYSLCT
595 SYSLCTAAFTF
601 AAFTFTKVPAE
611 ETLHGTVTVEV
613 LHGTVTVEVQY
618 TVEVQYAGTDG
639 DMQTLTPVGRL
646 VGRLITANPVI
654 PVITESTENSK
655 VITESTENSKM
672 PFGDSYIVIGV
683 GDKKITHHWHR
691 WHRSGSTIGKA
700 KAFEATVRGAK
713 AVLGDTAWDFG
719 AWDFGSVGGVF
769 NTKNGSISLTC
771 KNGSISLTCLA
773 KNGSISLTCLA
Capsid 12-122 | 111 71 INRWGSVGKKE
protein C
DEXDc 1679- 146 1688 KKKQLTVLDLH
1824 1699 PGAGKTRRVLP
1717 KKRLRTVILAP
1723 VILAPTRVVAA
1743 PVRYMTTAVNV
1749 TAVNVTHSGTE
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1753 VTHSGTEIVDL
1763 LMCHATFTSRL
1788 DEAHFTDPSSI
1791 HFTDPSSIAAR
1801 RGYISTRVEMG
1816 IFMTATPPGTR
NS2A 1154- 215 1171 LKKRMTTKIIM
1368 1172 KKRMTTKIIMS
1178 KIIMSTSMAVL
1212 FAEMNTGGDVA
1242 FRANWTPRESM
1246 WTPRESMLLAL
1258 SCLLQTAISAL
1307 PLARGTLLVAW
1318 RAGLATCGGIM
1332 LKGKGSVKKNL
1363 GLLLLTRSGKR
NS2B 1372- 127 1377 PSEVLTAVGLI
1498 1413 VSYVVSGKSVD
1420 KSVDMYIERAG
1436 KDAEVTGNSPR
1439 EVTGNSPRLDV
1449 VALDESGDFSL
1453 ESGDFSLVEED
NS3 1499- 617 1517 KKGETTDGVYR
2115 1521 TTDGVYRVMTR
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1531 RRLLGSTQVGV
1532 RLLGSTQVGVG
1551 TMWHVTKGAAL
1576 KQDLVSYCGPW
1616 PGIFKTKDGDI
1635 AGTSGSPILDK
1658 VIKNGSYVSAI
1672 KREEETPVECF
1688 KKKQLTVLDLH
1699 PGAGKTRRVLP
1717 KKRLRTVILAP
1723 VILAPTRVVAA
1743 PVRYMTTAVNV
1749 TAVNVTHSGTE
1753 VTHSGTEIVDL
1763 LMCHATFTSRL
1788 DEAHFTDPSSI
1791 HFTDPSSIAAR
1801 RGYISTRVEMG
1816 IFMTATPPGTR
1820 ATPPGTRDAFP
1829 FPDSNSPIMDT
1834 SPIMDTEVEVP
1844 PERAWSSGFDW
1863 VWFVPSVRNGN
1875 IAACLTKAGKR
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1888 QLSRKTFETEF
1947 GPMPVTHASAA
1978 GGCAETDEGHA
2024 EFKLRTEQRKT
2029 TEQRKTFVELM
2068 GTTNNTIMEDS
2073 TIMEDSVPAEV
2080 PAEVWTKYGEK
2106 HAALKSFKEFA
NS1 792- 353 803 FSKKETRCGTG
1144 807 ETRCGTGVFIY
812 TGVFIYNDVEA
828 KYHPDSPRRLA
877 NGVQLTVVVGS
919 VRAAKTNNSFV
922 AKTNNSFVVDG
942 HRAWNSFLVED
955 FGVFHTSVWLK
966 VREDYSLECDP
976 PAVIGTAVKGR
1012 LIEMKTCEWPK
1020 WPKSHTLWTDG
1023 SHTLWTDGVEE
1046 LSHHNTREGYR
1052 REGYRTQVKGP
1073 EECPGTKVYVE
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1080 VYVEETCGTRG
1083 EETCGTRGPSL
1087 GTRGPSLRSTT
1090 GPSLRSTTASG
1091 PSLRSTTASGR
1092 SLRSTTASGRV
1107 CCRECTMPPLS
NS4B 2266- 251 2290 REEGATMGFSM
2516 2308 SAWAIYAALTT
2312 IYAALTTLITP
2316 LTTLITPAVQH
2324 VQHAVTTSYNN
2325 QHAVTTSYNNY
2326 HAVTTSYNNYS
2327 AVTTSYNNYSL
2404 AAQKRTAAGIM
2424 VTDIDTMTIDP
2465 AGALITAATST
2475 TLWEGSPNKYW
2483 KYWNSSTATSL
2505 ASLIYTVTRNA
NS4A 2119- 145 2127 MEALGTLPGHM
2263 2133 LPGHMTERFQE
2153 RAETGSRPYKA
2156 TGSRPYKAAAA
2166 AQLPETLETIM
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2243 PEKQRSPQDNQ
FtsJ 2571- 172 2586 LEERGYLQPYG
2742 2605 RGGWSYYAATI
2620 EVRGYTKGGPG
2667 DIGESSSSPEV
2668 |GESSSSPEVE
2669 GESSSSPEVEE
2675 PEVEETRTLRV
2704 VLCPYTSTMME
2706 CPYTSTMMETM
2710 STMMETMERLQ
2731 PLCRNSTHEMY
2732 LCRNSTHEMYW
2736 STHEMYWVSGA
HELICc 1855- 117 1863 VWFVPSVRNGN
1971 1875 IAACLTKAGKR
1888 QLSRKTFETEF
1947 GPMPVTHASAA
NS2B 1369- 130 1377 PSEVLTAVGLI
1498 1413 VSYVVSGKSVD
1420 KSVDMYIERAG
1436 KDAEVTGNSPR
1439 EVTGNSPRLDV
1449 VALDESGDFSL
1453 ESGDFSLVEED
S7 1516- 151 1521 TTDGVYRVMTR

Peer] Preprints | https://doi.org/10.7287 rj.preprints.2047v2 | CC-BY 4.0 Open Access | rec: 23 May 2016, publ: 23 May 2016



1666 1531 RRLLGSTQVGV

1532 RLLGSTQVGVG

1551 TMWHVTKGAAL

1576 KQDLVSYCGPW

1616 PGIFKTKDGDI

1635 AGTSGSPILDK

1658 VIKNGSYVSAI

E stem 694-790 | 97 700 KAFEATVRGAK
713 AVLGDTAWDFG

719 AWDFGSVGGVF

769 NTKNGSISLTC

771 KNGSISLTCLA

773 GSISLTCLALG

Glycoprotein | 216-290 | 75 224 LPSHSTRKLQT
M 233 QTRSQTWLESR
267 AWLLGSSTSQK

271 WLLGSSTSQKV

272 LLGSSTSQKVI

273 LGSSTSQKVIY
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