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FLAVIVIRIDAE FAMILY

— Includes a huge number of virus

— Genuses: Flavivirus, Pestivirus, Hepacivirus

\

Mosquito-borne viruses

Zika virus (ZIKV)
Dengue virus (DENV)
West Nile virus (WNV)

Japanese encephalitis virus (JEV)

Flaviviridae phylogeny.
Source: International Committee on Taxonomy of Viruses (2012)
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Zika virus (ZIKV)




PUBLIC HEALTH CONCERN

FEBRUARY 2, 2016
. . Catalunya afronta un risc moderat-alt de
Zlka Virus- GIObaI PUbI IC Zika, dengue 1 Chikungunya, segons
Health Emergency I'Organitzacié Mundial de la Salut
ALERTA SANITARIA El nimero de diagnosticados por zika en Espaiia se eleva
Primera muerte de un bebé en ya a 247
EEUU por zika 29/08/2016 - 16:09 CEST
09/08/2016 - 20:04 CEST Entre los afectados hay 39 embarazadas, una mas que en el anterior recuento

. . r— Detecten quatre nous casos de Zika
Zika: one in seven babies with mothers | | |
exposed to virus developed health a Catalunya, entre els quals una
issues embarassada
Amb aquests, el nombre d'infectats a casa nostra s'eleva fins a 45, 19 homes i 26
New study is first to examine health of children beyond birth after dones
mothers were exposed to mosquito-borne disease

Acn | Barcelona | 17.05.2016 | 12:33




WORLDWIDE DISTRIBUTION OF ZIKA VIRUS

of

[ 2015 - Brazil, Paraguay,
Colombia, Venezuela, Solomon
Islands, Fiji, Vanuatu,

Papua New Guinea, Cabo Verde
El Salvador, Guatemala,
Mexico, Suriname, French
Guiana, Honduras,

Martinique, Panama, Puerto
Rico,

I 2016 - Ecuador, Bolivia,
Guyana, Barbados, Costa Rica,
Dominican Republic,
Guadaloupe, Nicaragua,
American Samoa, Curacao,
Haiti, Jamaica, Maldives,
Samoa, Tonga

°
| | 1947-48 Uganda
[} 1952 - Tanzania, India

[ 1953-54 Nigeria, Egypt,
Malaysia, Philippines,
Vietnam

[ 1960-1983 Angola, Burkina
Faso, Central African
Republic, Cote d'lvoire,
Ethopia, Guinea-Bissau,
Morocco, Niger, Pakistan,
Senegal, Togo, Benin,
Cambodia, Cameroon, Gabon,
Indonesia, Kenya, Liberia,
Mali, Sierra Leone, Somalia

W 2007 - Yap

[l 2012-2014 Bangladesh,
Thailand, Cook Islands,
French Polynesia, Chile, New
Caledonia

Isolated for the first time
from Rhesus Monkey

First human cases

=

Worldwide distribution map of Zika virus.
Customized and self-created using the server mapchart.net



MAIN FEATURES OF ZIKA VIRUS

Characteristics:

Flavivirus genus

With icosahedral envelope
Positive stranded RNA virus

Symptoms:
Mild disease, lasting
around 2-7 days

(rash, headache,
diarrhea, fever, joint
and muscle pain,
conjuntivitis)

- Low death risk

- Increased risk of
microcephaly in
fetus

NO treatment or vaccine
is available

Transmission:

Mosquito bite

(Aedes aegypti, Aedes albopictus)
Sexual

Intrauterine

Blood transfusion

Hosts:
Rodents
Pigs
Birds
Primates
Humans



ZIKV STRUCTURE

Capsid protein (C)
Envelope protein (E)
Membrane protein (V)

Immature:
Premembrane protein (privi)

500 A

. M protein
E dimer

C protein

Genomic RNA

O ViralZone 2016
Swiss Institute of Bioinformatics

T=3-like organization
of surface dimers

Mature flavivirus structure. Modified from ViralZone - Swiss Institute of Bioinformatics (2016)



INFECTION CYCLE

0 Attachment + Endocytosis

Clathrin-mediated
endocytosis

e pH-dependent fusion

Releasement of RNA | e
to the cytoplasm and entry to b
Endoplasmic Reticulum (ER)

pH-dependent

fusion in the

Endoplasmic
reticulum (ER)

° Synthesis of viral proteins — S R N\ \ K Y~ maturation

e Assembly of virions particles

° Rearrangement - furin cleavage

l )

\e Capsid protein
\ and viral RNA
4

Current Opinion in Virology
Flavivirus infection cycle. Source: Pierson TC et al. (2012)



INFECTION CYCLE

Immature (ER, neutral pH)

Virus attachment

endocytosis

N
Endosome L
Ribosomes a prM
pH-dependent pH 5.
/ fusion in the cleavage /‘
Endoplasmic endosome Furin
reticulum (ER)
=)
Virus
maturation
6.0
Golgi
Viral replication ikt
T \ and viral RNA
Current Opinion in Virology

Flavivirus infection cycle. Source: Pierson TC et al. (2012)



INFECTION CYCLE

Immature (ER, neutral pH)

membrane

Modified from Rey F et al. (2017)

Clathrin-mediated
endocytosis

eprM

fusion in the cleavage

endosome

_ reticulum (ER)

Y\, and viral RNA

Current Opinion in Virology
Flavivirus infection cycle. Source: Pierson TC et al. (2012)



INFECTION CYCLE

Immature (TGN, acidic pH)

Modified from Rey F et al. (2017)

: Virus attachment

Clathrin-mediated -
endocytosis

i Endosome
Ribosomes e pH-dependent
fusion in the
Endoplasmic endosome

_ reticulum (ER)

Y\, and viral RNA

Current Opinion in Virology
Flavivirus infection cycle. Source: Pierson TC et al. (2012)



INFECTION CYCLE
PROTEIN PROCESSING

N7 A A

— C | pr

g N g 4 g 4 4

Structural proteins

Non-Structural proteins
NS5

Polymerase
Helicase &,
Capsid

’, Protease NS2B
v porM  E

NS2A Cofactor g NS4B
.Q’QQ..QIU.\*x.l?..l...".‘ﬂ.*.l W

- Q\ Furin (TGN or Secretory granules)
( : frﬁl‘.ﬂ,f::\iﬂi l < X ‘!'ﬁ i%i(‘l.idlki PO )
IO . "' ., Sl’eﬂ“itv&\llﬂvd( OO :.1

Methyltransferase

<\\’\Signal peptidase

Qii ‘QQO\ )‘!'ﬁi ﬁ\’tﬁ'&’ﬁﬁl‘! PO
NS4A ) « Unknow (ER)
L

|
Membrane RNA synthesis
reorganization

Envelope
Surface glycoprotein assembly

Replication

ZIKA virus proteins. Source: Christopher J, et al. (2018)



INFECTION CYCLE

o Attachment + Endocytosis

e pH-dependent fusion

Releasement of RNA
to the cytoplasm and entry to
Endoplasmic Reticulum (ER)

a Synthesis of viral proteins

e Assembly of virions particles

e Rearrangement - furin cleavage

0 Pr domain releasement

Clathrin-mediated ~
endocytosis
\\
Ribosomes e pH-dependent
fusion in the
Endoplasmic
= reticulum (ER)

l )

\e Capsid protein
\ and viral RNA
4

Current Opinion in Virology
Flavivirus infection cycle. Source: Pierson TC et al. (2012)



INFECTION CYCLE

Immature (TGN, acidic pH)

Modified from Rey F et al. (2017)

: Virus attachment

Clathrin-mediated

endocytosis
( Endosome
Ribosomes e pH-dependent
fusion in the
Endoplasmic endosome

e reticulum (ER)

Y\, and viral RNA

Current Opinion in Virology



INFECTION CYCLE

Mature

E dimer

Modified from Rey F et al. (2017)

0 Virus attachment

Ty

Clathrin-mediated
endocytosis

Endosome

/

Endoplasmic
e reticulum (ER)

pH-dependent
fusion in the
endosome

machinery By N AN \e Capsid protein
: v A\ A\ N  §\ \ andviral RNA

Current Opinion in Virology
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Envelope elements

E protein

E monomer

EM homodimer
(front view)



E PROTEIN: MAIN FEATURES

pH-dependent fusion of
virus-host cells

!

Cell attach t
[ ell attachmen } ma " J

[ Membrane fusion } Y

Important role in

L Cell tropism } Host receptor ~ Stabilizes E
binding orientation
{ Antigenicity J ,)k\ Neutralizing epitopes

Main target of antibodies

/)k\ Non-neutralizing epitopes




E PROTEIN

M“‘ %
¥ s
s '?'n".::..':’“' ’

Domain |

Domain Il

Domain Il




E PROTEIN

Domain Il Domain |

Domain Il

Transmembrane d >
Domain %}7

Front view



E PROTEIN: TOPOLOGICAL DIAGRAM

Domain |

- 9B strands (A1)
- 3,, helix

— |In the N-terminus

- 9 B strands (a-i)
- 2 ahelix (A,B)

Domain Il
- 7 B strands (A-G)

— In the C-terminus

Protein Data Bank in Europe [Internet]. Ebi.ac.uk. 2012
[cited 20 February 2019]. Available from:
http://www.ebi.ac.uk/pdbe/entry/pdb/6co8/protein/1



http://www.ebi.ac.uk/pdbe/entry/pdb/6co8/protein/1

E PROTEIN: DOMAINS

DOMAIN |

®
<
o

Mainly Beta

Sandwich

Tick-borne Encephalitis virus Glycoprotein; domain 1
Tick-borne Encephalitis virus Glycoprotein; domain 1

- 900

C [EES

F §rchitecture

Ll opology

| omologous Superfamily




E PROTEIN: DOMAINS

5
8

Alpha Beta

2-Layer Sandwich

Viral Envelope Glycoprotein; domain 2
Viral Envelope Glycoprotein; domain 2

900




E PROTEIN: DOMAINS

DOMAIN Iii
Level
o Alpha Beta
Sandwich
@  Immunoglobulin-like

(H]




E PROTEIN: DOMAINS INTERACTIONS

Front view



EXPLORING THE E SURFACE

Hydrophobic regions
Hydrophilic regions

Front view

Bottom view



E PROTEIN: FLAVIVIRUSES
SUPERIMPOSITION

Front view

RMSD: 2,51
WNV (2HGO) Length:418
JEV (3P54)

Front view nfit: 359 (86%)



E PROTEIN: FLAVIVIRUSES
SUPERIMPOSITION

DENV TYPE 2 (3J27)

ZIKV (6CO8)
35 Ag B, 0 Dy a WNV (2HGO)
327 MROIGISNRDFVE AKNKPTLDFELIETEAKQPATL DENV TYPE 3 1UZG)
6co8 IRCIGVSNRDFVE AQDKPTVDIELVTTTVSNMAEVRSY JEV (3P54)
2hg@ FNQLGMSNRDFLE DKPTIDVKMMNMEAANLAEVRSY E-DIlI
luzg MRCVGVGN AKNKPTLDIELQKTEATQLATLRKL YFV (61\¥/4)
3p54 FNCLGMGNRDFIE ANDKPTLDVRMINIEASQLAEVRSY
6iwd AHOIGITDRDFIE APDKPSLDISLETVAIDRPAEVRKV l b K
b 3, ¢ d 3j27 VVVLGSQEGAM ~ATEIQMSSG--NLLF-T
3j27 IEAK-LTNTTTDS PSLNEEQDKRFVCKHSMVDRGWGNGC-GLFGKGGIVT 6co8 VVVLGSQEGAVH ~ALEAEM-DGAKGRL S-S
6co8 YEAS-ISDMASDS YLDKQSDTQYVCKRTLVDRGWGNGC—GLFGKGSLVT 2hg VIALGSQEGALH IPVEFSS——N—-TVKLTS
2hgo ~YLATVSDLST HNDKRADPAFVCRQGVVDRGWGNGCGLFG—KGSIDT, 1luzg VVVLGSQEGAM TEIQTSG--G--TSIF-A
1luzg IEGK-ITNITTDS ATLPEEQDQNYVCKHTYVDRGWGNGCGLFG-KGSLVT 3p54 VVALGSQEGGLH ~AIVVEY-SS-SVMLT-S
3p54 YHAS-VTDISTVA HNEKRADSSYVCKQGFTPRGWGNGC~GFFGKGSIDT, 6iwd VLALGNQEGSL, ~AMRVTK-DT-LYKLH-G
6iwd YNAV-LTHVKIND AHLAEENEGDNACKRTYSDRGWGNGC—-GLFGKGSIVA
d
. .
3j27 MFT—C}(K.\-.M.K DTGK——H--GKEIKITPQSSIT 232;
6co8 KFACSKKMT SPRA 2;:0
o e L% hGho
3p54 YSAQUGASQAAKFTVTPNAPSV 3p54 HLKCRLKMDKL
6iwd A WN-T--—-DIKTLKFDALSGSQ 6iwd HVSCRVKLSAL
h

_ i 3j27 DLEK—-R-HVLGRLI AEPPFGDSYIIIG
3j27 ' PGADTQ 6co8 [VDMQTL-TPVGRLITANAVITESTENSKMMIELDPPFGDSYIVIGY
g§°g K gg“DTEl 2hg0 ASLNDL-TPVGRL FVSVATANAKVLIELEPPFGDSYIVVG
ok R s 1luzg DG-Q-GKAHNGRLITANPVVTK-—KEEPVNI EAEPPFGESNIVIGT
3ok A s reps_— 3p54 ASLNDM-TPVGRL FVATSSANSKVLVEMEPPFGDSYIVVG
v, : 3 - 6iwd DDLTAA-INK TAST--NDDEVLIEVNPPFGDSYIIVG




E PROTEIN: LOOPS




E PROTEIN: LOOPS y Glycosylation loop

Variable Average Conserved

Insufficient data



E PROTEIN: VARIABLE LOOPS

Back view

DI-DIIl Hinge

Domain movement,
transformation of dimer to
the fusogenic trimer.

Zika_virus_1/1-504 IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTV WGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPEN . EYRIMLSVHGSQHSG 150
Zika_virus_2/1-498 IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTV WGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPEN LEYRIMLSVHGSQHSG 150
Japanese_encephalitis_virus_1/1-500 FNCLGMGNRDFIEGASGATWVDLVLEGDSCLTIMANDKPTLDVRMINIEA WGNGCGLFGKGSIDTCAKFSCTSKAIGRTIQPEN KYEVGIFVHGTTTSE 150
Japanese_encephalitis_virus_2/1-499 -NCLGMGNRDFIEGASGATWVDLVLEGDSCLTIMANDKPTLDVRMINIEA WGNGCGLFGKGSIDTCAKFSCTSKAIGRTIQPENIKYEVGIFVHGTTTSE 149
West_Nile_virus_1/1-501 FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEA WGNGCGLFGKGSIDTCAKFACSTNATGRTILKENIKYEVAIFVHGPTTVE 150
West_Nile_virus_2/1-501 FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEA WGNGCGLFGKGSIDTCAKFACTTKATGAIIQKENIKYEVAIFVHGPTTVE 150
Dengue_virus_4_1/1-495 MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFEL WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVVVTVHNGDTH- 149
Dengue_virus_4_2/1-495 MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGRPTLDFEL WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIEN| EYTVVVTVHNGDTH- 149
Dengue_virus_1_1/1-495 MRCVGIGSRDFVEGLSGATWVDVVLEHGSCVTTMAKDKPTLDIEL WGNGCGLFGKGSLITCAKFKCVTKLEGKIVQYEN .KYSVIVTVHTGDQH- 149
Dengue_virus_1_2/1-495 MRCVGIGNRDFVEGLSGATWVDVVLEHGSCVTTMAKNKPTLDIEL WGNGCGLFGKGSLLTCAKFKCVTKLEGKIVQYEN LKYSVIVTVHTGDQH- 149
Dengue_virus_3_1/1-493 MRCVGVGNRDFVEGLSGATWVDVVLEHGGCVTTMAKNKPTLDIEL WGNGCGLFGKGSLVTCAKFQCLELIEG KYTVIITVHTGDQH- 149
Dengue_virus_3_2/1-493 MRCVGVGNRDFVEGLSGATWVDVVLEHGGCVTTMAKNKPTLDIEL WGNGCGLFGKGSLVTCAKFQCLESIEG KYTVTITVHTGDQH- 149
Dengue_virus_2_1/1-495 MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFEL WGNGCGLFGKGGIVTCAMFTCKKNMEGKIVQPEN [EYTIVVTPHSGEEH- 149
Dengue_virus_2_2/1-495 MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFEL WGNGCGLFGKGGIVTCAMFTCKKNMEG EYTIVITPHSGEEH- 149
Yellow_fever_virus_1/1-493 AHCIGITDRDFIEGVHGGTWVSATLEQDKCVTVMAPDKPSLDISL WGNGCGLFGKGSIVACAKFTCAKSMSLEVDQTK [QYVIRAQLHVGAKQE 150
Yellow_fever_virus_2/1-493 AHCIGITDRDFIEGVHGGTWVSATLEQDKCVTVMAPDKPSLDISL WGNGCGLFGKGSIVACAKFTCAKSMSLIFEVDQTK [QYVIRAQLHVGAKQE 150
Kok kkkekk ok akk kK kek kr  keik  :

Fkdkkkkkkkkk o okk k%




E PROTEIN: VARIABLE LOOPS

Back view

DI-DIIl Hinge

Domain movement,
transformation of dimer to
the fusogenic trimer.

zika_virus_1/1-504 MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDC KRQTVVVLGSQEGAVHTALAGALEAEMDGA - - - KGRLSSGHILKERLKMDK
zika_virus_2/1-498 MIVND------ ENRAKVEVTPNSPRAEATLGGFGSLGLDC KRQTVVVLGSQEGAVHTALAGALEAEMDGA - - -KGRLFSGHLKERLKMDK
Japanese_encephalitis_virus_1/1-500 NHGNYSAQVGASQAAKFTVTPNAPSITLKLGDYGEVTLDC TKQSVVALGSQEGGLHQALAGAIVVEYSS - - - - SVKLTSGHLKERLKMDK
Japanese_encephalitis_virus_2/1-499 NHGNYSAQVGASQAAKFTVTPNAPSITLKLGDYGEVTLDC TKQSVVALGSQEGSLHQALAGAIVVEYSS - - - - SVKLTSGHLKERLKMDK
West_Nile_virus_1/1-501 SHGNYSTQTGATQAGRFGITPAAPSYTLKLGEYGEVTVDC TKQSVIALGSQEGALHQALAGAIPVEFSSN- - - TVKLTSGHLKERVKLEK
West_Nile_virus_2/1-501 SHGNYSTQMGATQAGRFSITPSAPSYTLKLGEYGEVTVDC TKQSVVALGSQEGALHQALAGATIPVEFSSN- - - TWKLTSGHLKERVKMEK
Dengue_virus_4_1/1-495 AVGNDTS- - - -NHGVTATITPRSPSVEVKLPDYGELTLDC KRQDVTVLGSQEGAMHSALAGATEVDSGD - - - - GNHMFAGHLK{KVRMEK
Dengue_virus_4_2/1-495 AVGNDTS- - - -NHGVTATITPRSPSVEVELPDYGELTLDC KRQDVTVLGSQEGAMHSALAGATEVDSGD - - - - GNHMFAGHLK{KVRMEK
Dengue_virus_1_1/1-495 QVGNEST- - - -EHGTTATITPQAPTSEIQLTDYGALTLDC KKQEVVVLGSQEGAMHTALTGATEIQTSG- - - - TITTIFAGHLK{:RLKMDK
Dengue_virus_1_2/1-495 QVGNETT- - - -EHGTIATITPQAPTSEIQLTDYGALTLDC KKQEVVVLGSQEGAMHTALTGATEIQTSG- - - - TITTIFAGHLK{:RLKMDK
Dengue_virus_3_1/1-493 QVGNET------ QGVTAEITPQASTVEAILPEYGTLGLEC KKQEVVVLGSQEGAMHTALTGATEIQTSG- - - - GTSIFAGHLK{RLKMDK
Dengue_virus_3_2/1-493 QVGNDT------ QGVTAEITPQASTVEAILPEYGTLGLEC KKQEVVVLGSQEGAMHTALTGATEIQNSG- - - - GTSIFAGHLK{:RLKMDK
Dengue_virus_2_1/1-495 AVGNDTG- - - -KHGKEIKVTPQSSITEAELTGYGTVTMEC KKQDVVVLGSQEGAMHTALTGATEIQMSS - - - - GNLLFTGHLK{:RLRMDK
Dengue_virus_2_2/1-495 AVGNDTG- - - -KHGKEIKITPQSSITEAELTGYGTVTMEC KKQDVVVLGSQEGAMHTALTGATEIQMSS - - - - GNLLFTGHILK:RLRMDK
Yellow_fever_virus_1/1-493 NW-NTDIK------- TLKFDALSGSQEAEFTGYGRATLEC() ATIKVLALGNQEGSLKTALTGAMRVTKDTNNSKLYKLHGGHVACRVKLSA
Yellow_fever_virus_2/1-493 NW-NTDIK------- TLKFDALSGSQEAEFTGYGRATLEC() ATIKVLALGNQEGSLKTALTGAMRVTKDTNNSKLYKLHGGHVACRVKLSA
* B SIS Rk ek ek Ak 8w : BOER F::::.
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Fusion loop.

E PROTEIN: VARIABLE LOOPS

Glycosylation Loop

Related to ZIKA virulence
pathogenesis and
neuroinvasiveness

Zika_virus_1/1-504 WGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSG MI Et;cHETDENRA VEITPNSPRAEATLG(
Zika_virus_2/1-498 WGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHESQHSG MIVND- - - - - - ENRAKVEVTPNSPRAEATLG(
Japanese_encephalitis_virus_1/1-500 WGNGCGLFGKGSIDTCAKFSCTSKAIGRTIQPENIKYEVGIFVHGTTTSE NHGNYSAQVGASQAAKFTVTPNAPSITLKLGI
Japanese_encephalitis_virus_2/1-499 WGNGCGLFGKGSIDTCAKFSCTSKAIGRTIQPENIKYEVGIFVHETTTSE NHGNYSAQVGASQAAKFTVTPNAPSITLKLGI
West_Nile_virus_1/1-501 WGNGCGLFGKGSIDTCAKFACSTNATGRTILKENIKYEVAIFVHGPTTVE SHGNYSTQTGATQAGRFGITPAAPSYTLKLGH
West_Nile_virus_2/1-501 WGNGCGLFGKGSIDTCAKFACTTKATGWIIQKENIKYEVAIFVHGPTTVE SHGNYSTQMGATQAGRFSITPSAPSYTLKLGI
Dengue_virus_4_1/1-495 WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVVVTVHNGDTH- AVGNDTS- - - -NHGVJATITPRSPSVEVKLPI
Dengue_virus_4_2/1-495 WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVVVTVHNGDTH- AVGNDTS- - - -NHGVFATITPRSPSVEVELPI
Dengue_virus_1_1/1-495 WGNGCGLFGKGSLITCAKFKCVTKLEGKIVQYENLKYSVIVTVHJGDQH- QVGNEST- - - -EHGTJATITPQAPTSEIQLTI
Dengue_virus_1_2/1-495 WGNGCGLFGKGSLLTCAKFKCVTKLEGKIVQYENLKYSVIVTVHIGDQH- QVGNETT-- - -EHGTIATITPQAPTSEIQLTI
Dengue_virus_3_1/1-493 WGNGCGLFGKGSLVTCAKFQCLELIEGKVVQHENLKYTVIITVHIGDQH- QVGNET------ QGVJAEITPQASTVEAILPI
Dengue_virus_3_2/1-493 WGNGCGLFGKGSLVTCAKFQCLESIEGKVVQHENLKYTVTITVHJGDQH- QVGNDT------ QGVJAEITPQASTVEAILPI
Dengue_virus_2_1/1-495 WGNGCGLFGKGGIVTCAMFTCKKNMEGKIVQPENLEYTIVVTPHPGEEH- AVGNDTG- - - -KHGKEIKVTPQSSITEAELT(
Dengue_virus_2_2/1-495 WGNGCGLFGKGGIVTCAMFTCKKNMEGKVVQPENLEYTIVITPHPGEEH- AVGNDTG- - - -KHGKEIKITPQSSITEAELT(
Yellow_fever_virus_1/1-493 WGNGCGLFGKGSIVACAKFTCAKSMSLFEVDQTKIQYVIRAQLHYGAKQE NW-NTDIK------- FLKFDALSGSQEAEFT(
Yellow_fever_virus_2/1-493 HGNGCGLFGKGSIVACAKFTCAKSMSLFEVDQTKIQYVIRAQLH GAKQE NW-{NTDIK------- FLKFDALSGSQEAEFT(
Kkkkkkkkkkk + kk *x * : Tk * o e :




E PROTEIN: VARIABLE LOOPS

Glycosylation Loop

Asn 154 in ZIKV
Asn 153 in DENV

DENV TYPE 2 (3J27)

WNV (2HGo)
DENV TYPE 3 (1UZG)

JEV (3P54)
YFV (6I\W4)

3j27
6co8
2hgo
1uzg
3p54
6iw4

ASN 154
ASN 154

MFTCKKNMKGKVVQPENLEYTIVITPHS - GEEHAV(
KFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMI
KFACSTKAIGRTILKENIKYEVAIFVHGPTTVESH(
KFQCLESIEGKIVQHENLKYTVIITVHTGDQ-HQVGNFETQ------ GVTAEITSQASTA
KFSCTSKAIGRTIQPENIKYKVGIFVHGTTTSENHGNFYSAQVGASQAAKFTVTPNAPSV
KFTCAKSMSLFEVDQTKIQYVIRAQLHVGAK- - - -QENWNTD- - - - - IKTLKFDALSGSQ

DTGK--H--GKEIKITPQSSIT
DTGHETDENRAKVEITPNSPRA
YSTQVGATQAGRFSITPAAPSY




E PROTEIN: VARIABLE LOOPS

A —
7
4

Asn 154 in ZIKV (Top view) \
Asn 153 in DENV

DENV TYPE 2 (3J27)

WNV (2HGO)

Conserved

ASN 153
glycosylation site >

I\ 4
o
4



iycosilation loop.
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E PROTEIN: VARIABLE LOOPS o =) Y

Related to large
conformational changes
during transformation from
immature to mature forms.

zika_virus_1/1-504 LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHA

zika_virus_2/1-498 LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHA

Japanese_encephalitis_virus_1/1-500 FYVMTVGSKSFLVHREWFHDLALPWTPPSST - - - AWRNRELLMEFEEAHA

Japanese_encephalitis_virus_2/1-499 FYVMTVGSKSFLVHREWFHDLALPWTSPSST - - - AWRNRELLMEFEEAHA

West_Nile_virus_1/1-501 YYVMTVGTKTFLVHREWFMDLNLPWSSAGST - - - VWRNRETLMEF[FEFHA

West_Nile_virus_2/1-501 YYVMSVGAKSFLVHREWFMDLNLPWSSAGST - - - THRNRETLMEF[EERHA

Dengue_virus_4_1/1-495 MILMKMKKKTWLVHKQWFLDLPLPWTTGADTSEVHWNYKERMVTFKVAHA

L dﬂ: Dengue_virus_4_2/1-495 MILMKMNKKTWLVHKQWFLDLPLPWTAGADTSEVHWNNKERMVTFKVAHA
arger Irrerences Dengue_virus_1_1/1-495 MVLLTMKEKSWLVHKQWFLDLPLPHTSGASTSQETWNRQDLLVTFKTAHA
. Dengue_virus_1_2/1-495 MVLLTMKEKSWLVHKQWFLDLPLPWTSGASTSQETWNRQDLLVTFKTAHA

betweeﬂ FlaV/V/[’useS Dengue_virus_3_1/1-493 MILLTMKNKAWMVHRQWFFDLPLPWTSGATTETPTWNKKELLVTFKNAHA
Dengue_virus_3_2/1-493 MILLTMKNKAWMVHRQWFFDLPLPWTSGATTETPTWNRKELLVTFKNAHA

Dengue_virus_2_1/1-495 MVLLQMENKAWLVHRQWFLDLPLPWLPGADKQESNWIQKETLVTFKNHHA

AN Dengue_virus_2_2/1-495 MVLLQMEDKAWLVHRQWFLDLPLPWLPGADTQGSNWIQKETLVTFKNFHA
Yellow_fever_virus_1/1-493 SYIAEMEKESWIVDKQWAQDLTLPWQSGSGG- - - VWREMHHLVEF[EPRHA

H H H H Yellow_fever_virus_2/1-493 SYIAEMEKESWIVDKQWAQDLTLPWQSGSGG- - -VWREMHHLVEFEPFRHA
Differences in binding of ittt i e e

neutralizing antibodies.
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E PROTEIN: VARIABLE LOOPS ‘s% A

Similar closed conformation in and
DENV, whereas in JEV this loop has an
open conformation.

l

The differences in these loop
conformations  might account for
differences in binding of neutralizing
antibodies.




E PROTEIN: VARIABLE LOOPS

Related to large
conformational changes
during transformation from
immature to mature forms.

Larger differences
between Flaviviruses

Differences in binding of
neutralizing antibodies.

Zika_virus_1/1-504
Zika_virus_2/1-498
Japanese_encephalitis_virus_1/1-500
Japanese_encephalitis_virus_2/1-499
West_Nile_virus_1/1-501
West_Nile_virus_2/1-501
Dengue_virus_4_1/1-495
Dengue_virus_4_2/1-495
Dengue_virus_1_1/1-495
Dengue_virus_1_2/1-495
Dengue_virus_3_1/1-493
Dengue_virus_3_2/1-493
Dengue_virus_2_1/1-495
Dengue_virus_2_2/1-495
Yellow_fever_virus_1/1-493
Yellow_fever_virus_2/1-493

LYYLTMNNKHWLVHKEWFHDIPLPW
LYYLTMNNKHWLVHKEWFHDIPLPW
FYVMTVGSKSFLVHREWFHDLALPW
FYVMTVGSKSFLVHREWFHDLALPW
YYVMTVGTKTFLVHREWFMDLNLPW
YYVMSVGAKSFLVHREWFMDLNLPW
MILMKMKKKTWLVHKQWFLDLPLPW
MILMKMNKKTWLVHKQWFLDLPLPW
MVLLTMKEKSWLVHKQWFLDLPLPW
MVLLTMKEKSWLVHKQWFLDLPLPW!
MILLTMKNKAWMVHRQWFFDLPLPW
MILLTMKNKAWMVHRQWFFDLPLPW
MVLLQMENKAWLVHRQWFLDLPLPW
MVLLQMEDKAWLVHRQWFLDLPLPW
SYIAEMEKESWIVDKQWAQDLTLPHW
SYIAEMEKESWIVDKQWAQDLTLPWI
o s ssde.ies

S AL

kx|

180°

Back view

IAGADTGTP
IAGADTGTP

il
HW

NKEALVEFKDAHA
INKEALVEFKDAHA

PPSST---

NRELLMEFEEAHA

SPSST---
SAGST-- -
SAGST-- -
TGADTSEV|
AGADTSEV,
SGASTSQE
SGASTSQE
SGATTETP
SGATTETP

W

Wi
W
il
HW
W
Wi
W
W
NW
NW
VI
VWi

*

NRELLMEFEEAHA
NRETLMEFEEPHA
NRETLMEFEEPHA
'YKERMVTFKVPHA
NKERMVTFKVPHA
RQDLLVTFKTAHA
RQDLLVTFKTAHA
KKELLVTFKNAHA
RKELLVTFKNAHA
QKETLVTFKNPHA
QKETLVTFKNPHA
EMHHLVEFEPPHA
EMHHLVEFEPPHA

s ey k%

250
244
247
246
247
247
245
245
245
245
243
243
245
245
239
239



E PROTEIN: CONSERVED LOOPS

Fusion Loop

Virus mediated
membrane fusion

Zika_virus_1/1-504
zika_virus_2/1-498
Japanese_encephalitis_virus_1/1-500
Japanese_encephalitis_virus_2/1-499
West_Nile_virus_1/1-501
West_Nile_virus_2/1-501
Dengue_virus_4_1/1-495
Dengue_virus_4_2/1-495
Dengue_virus_1_1/1-495
Dengue_virus_1_2/1-495
Dengue_virus_3_1/1-493
Dengue_virus_3_2/1-493
Dengue_virus_2_1/1-495
Dengue_virus_2_2/1-495
Yellow_fever_virus_1/1-493
Yellow_fever_virus_2/1-493

SNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQSDTQYVCKRT lDRGII«IGNGCGLFGKC-‘l
SNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQSDTQYVCKRT !DRGHGNGCGLFGKG”
SQLAEVRSYCYHASVTDISTVARCPMTGEAHNEKRADSSYVCKQG MDRGHGNGCGLFGKG”

SQLAEVRSYCYHASVTDISTVARCPTTGEAHNEKRADSSYVCKQG DRGHGNGCGLFGKGJ DTC/

TNPAVLRKLCIEAKISNTTTDSRCPTQGEATLVEEQDANFVCRRT
TNPAVLRKLCIEAKISNTTTDSRCPTQGEATLVEEQDANFVCRRT
TQLATLRKLCIEGKITNVTTDSRCPTQGEAILPEEQDQNYVCKHT
TQLATLRKLCIEGKITNITTDSRCPTQGEAILPEEQDQNYVCKHT
KQPATLRKYCIEAKLTNTTTESRCPTQGEPSLKEEQDKRFVCKHS
KQPATLRKYCIEAKLTNTTTESRCPTQGEPSLNEEQDKRFICKHS
DGPAEARKVCYSAVLTNVKINDKCPSTGEAHLEEENEGDNACKRTYEDRG WGNGCGLFGKGSVACE

DGPAEARKVCYSAVLTNVKINDKCPSTGEAHLEEENEGDNACKRT !DRGNGNGCGLFGKGJ VACH
* .

SR A *k Kk O *ae Kk dekkkkdkkkkokk 2%

 Loophd

\\ DFoill Hinge

(>
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. Giycosilation loop
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E PROTEIN: CONSERVED LOOPS

Virus mediated
membrane fusion

/ "\
W oy
500
Loop 4

iycosiation loop



VIRUS MEDIATED MEMBRANE FUSION AND DRUG TARGET

HYDROPHOBIC POCKET

FUSOGENIC TRIMER
Fusion conformation

low pH

BT gy

HOMODIMER
fusion conformation

Pre

Free fusion loop

‘.!o.h

<=
24
L

= &*ﬂmv -

Fusion loop buried by the
hydrophobic pocket



HYDROPHOBIC POCKET
VIRUS MEDIATED MEMBRANE FUSION
AND DRUG TARGET




HYDROPHOBIC POCKET
VIRUS MEDIATED MEMBRANE FUSION AND DRUG TARGET




HYDROPHOBIC POCKET
VIRUS MEDIATED MEMBRANE FUSION AND DRUG TARGET

fusion-loop




HYDROPHOBIC POCKET
VIRUS MEDIATED MEMBRANE FUSION AND DRUG TARGET

HIS 323




HYDROPHOBIC POCKET
VIRUS MEDIATED MEMBRANE FUSION AND DRUG TARGET

(k-1 Loop)
beta-hairpin




Envelope elements

M protein

E monomer

EM homodimer
(front view)



M PROTEIN: TOPOLOGICAL DIAGRAM

Has three helices: M-H1, M-H2, and
M-H3.

The helices M-H2 and M-H3 are
transmembrane helices. c




M PROTEIN

Mainly Alpha

Orthogonal Bundle

Helicase, Ruva Protein; domain 3
Flavivirus envelope glycoprotein M-like

0000:




Envelope symmetry




ENVELOPE SYMMETRY
ICOSAHEDRAL ASSEMBLY

JAVAVAVAVAN
INONININ/N/

VVVVV

Symmetry axes:

Six 5-fold axes through the 12
vertices

Ten 3-fold axes through the 20
triangular faces

Fifteen 2-fold axes through the
30 edges
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ENVELOPE SYMMETRY
ICOSAHEDRAL ASSEMBLY

Symmetry axes:

Six 5-fold axes through the 12
vertices

Ten 3-fold axes through the 20
triangular faces

Fifteen 2-fold axes through the
30 edges



ENVELOPE SYMMETRY
5-FOLD AXIS |




ENVELOPE SYMMETRY
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Symmetry axes:
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ENVELOPE SYMMETRY
ICOSAHEDRAL ASSEMBLY

Symmetry axes:

- Six 5-fold axes through the 12
vertices

- Ten 3-fold axes through the 20
triangular faces

- Fifteen 2-fold axes through the
30 edges




ENVELOPE SYMMETRY
3-FOLD AXIS




ENVELOPE SYMMETRY
ICOSAHEDRAL ASSEMBLY
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Symmetry axes:

- Six 5-fold axes through the 12
vertices
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ENVELOPE SYMMETRY
ICOSAHEDRAL ASSEMBLY

Symmetry axes:

- Six 5-fold axes through the 12
vertices

- Ten 3-fold axes through the 20
triangular faces

- Fifteen 2-fold axes through the
30 edges




ENVELOPE SYMMETRY
2-FOLD AXIS




ENVELOPE SYMMETRY
GLYCOPROTEIN SHELL Unit structure: E-M heterodimer

Herringbone pattern of 180 E proteins
(90 antiparallel dimers of E protein)

—/ // P
P 4 4N
77N\ A { / & \
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/ / S N
/" \ s ?,
{ 7N A\ T -/
SR A \VEla . S A
4 \ Y -4 .
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Top view




ENVELOPE SYMMETRY
GLYCOPROTEIN SHELL

Herringbone pattern of 180 E proteins
(90 antiparallel dimers of E protein)

S \’/ // / .
A Y LS R
VAR N A f / < \
/ \STAA / :
/ / \\\ \\
/ \ 7,
/ ¥ "/\ ) A\ — -/
SR A \VEla . S A
4 : ¥ <4 \
S \.\ \ \} i /
N g N L £
/%
7 7/ / LN /
4 & / s

Unit structure: E-M heterodimer




ENVELOPE SYMMETRY
GLYCOPROTEIN SHELL

Herringbone pattern of 180 E proteins Three E dimers
(90 antiparallel dimers of E protein) form a raft




ENVELOPE SYMMETRY
ASYMMETRIC UNIT

Herringbone pattern of 180 E proteins
(90 antiparallel dimers of E protein)

. ~ / 7 3
; /\’/ / e
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4 \ ( N\ ;
b L N Y e 7
N / ] /
"/ / VR
/ ( 7
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e )

60 asymmetric units
(T=3-like organization of surface
EM heterodimers)

Three
EM protomers
(trimer)



ENVELOPE SYMMETRY
ASYMMETRIC UNIT
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ENVELOPE SYMMETRY
ASYMMETRIC UNIT




ENVELOPE SYMMETRY
INTERFACES

2-fold interactions

5-fold interactions
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ENVELOPE SYMMETRY
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ENVELOPE SYMMETRY
INTERFACES

2-fold interactions

5-fold interactions




Interactions




Interactions
2-fold interface




2-FOLD E PROTEIN
AXIS E-E INTERACTIONS
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2-FOLD E PROTEIN
AXIS E-E POLAR INTERACTIONS




2-FOLD E PROTEIN
AXIS E-E POLAR INTERACTIONS

Zika_virus_1/1-504 KRQTVVVLGSQEGAVK GALEAEMDGA---KGRLSSGHLKCRLKMDK 297
Zika_virus_2/1-498 KRQTVVVLGSQEGAVH GALEAEMDGA-—-KGRLFSGHLKCRLKMDK 291
Japanese_encephalitis_virus_1/1-500 TKQSVVALGSQEGGLF GAIVVEYSS———--SVKLTSGHLKCRLKMDK 293
Japanese_encephalitis_virus_2/1-499 TKQSVVALGSQEGSLF GAIVVEYSS———-SVKLTSGHLKCRLKMDK 292
West_Nile_virus_1/1-501 TKQSVIALGSQEGALF GAIPVEFSSN---TVKLTSGHLKCRVKLEK 294
West_Nile_virus_2/1-501 TKQSVVALGSQEGALF GAIPVEFSSN---TVKLTSGHLKCRVKMEK 294
Dengue_virus_4_1/1-495 KRQDVTVLGSQEGAMK GATEVDSGD—---GNHMFAGHLKCKVRMEK 291
Dengue_virus_4_2/1-495 KRQDVTVLGSQEGAMK GATEVDSGD—---GNHMFAGHLKCKVRMEK 291
Dengue_virus_1_1/1-495 KKQEVVVLGSQEGAMK GATEIQTSG-——-TTTIFAGHLKCRLKMDK 291
Dengue_virus_1_2/1-495 KKQEVVVLGSQEGAMK GATEIQTSG-——-TTTIFAGHLKCRLKMDK 291
Dengue_virus_3_1/1-493 KKQEVVVLGSQEGAMK GATEIQTSG-——-GTSIFAGHLKCRLKMDK 289
Dengue_virus_3_2/1-493 KKQEVVVLGSQEGAMK GATEIQNSG----GTSIFAGHLKCRLKMDK 289
Dengue_virus_2_1/1-495 KKQDVVVLGSQEGAMK GATEIQMSS——--GNLLFTGHLKCRLRMDK 291
Dengue_virus_2_2/1-495 KKQDVVVLGSQEGAMK GATEIQMSS——--GNLLFTGHLKCRLRMDK 291
Yellow_fever_virus_1/1-493 ATIKVLALGNQEG GAMRVTKDTNNSKLYKLHGGHVACRVKLSA 289
Yellow_fever_virus_2/1-493 ATIKVLALGNQEG GAMRVTKDTNNSKLYKLHGGHVACRVKLSA 289

%k ook dokokl, z[d Blokls Kok @ T ddok: kIiti.



2-FOLD E PROTEIN
AXIS E-E POLAR INTERACTIONS

SER 260 E a

GLY 263 .E

GLY 259 .F

HIS 266 .E

SER 260 .E'




2-FOLD E PROTEIN
AXIS E-E POLAR INTERACTIONS

SER 260 .E

HIS 266 .E

GLY 263 .E

: )Aé'

=
P -

GLY 259 .F'




2-FOLD E PROTEIN
AXIS E-E POLAR INTERACTIONS

GLY 263 E

Example
of
Distorted
Hbond

GLY 263 .E'

SER 260 .E'




2-FOLD E PROTEIN
AXIS E-E HYDROPHOBIC INTERACTIONS

E monomer

A (DIII)




2-FOLD E PROTEIN
AXIS E-E HYDROPHOBIC INTERACTIONS

LYS 316.E ,

L N

¥ TRP 101.E > &

/

\ | N
> Lys 316E . » (

o TRP 101.E




Interactions

-fold interface




3-FOLD E PROTEIN
AXIS E-E INTERACTIONS

7 Y y |
LMGD(NII)/-'L p- /
oop e-E0 (DI //
» g ‘




3-FOLD E PROTEIN
AXIS E-E HYDROPHOBIC INTERACTIONS
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3-FOLD E PROTEIN
AXIS E-E ELECTROSTATIC INTERACTIONS




Interactions

-fold interface




5-FOLD E PROTEIN
AXIS E-E INTERACTIONS




5-FOLD E PROTEIN
AXIS E-E HYDROPHOBIC INTERACTIONS (LOOP C-D)

o

LEU 352.E" (DIl

(-
N

| GLN350.E' (Dﬁ_ﬂ \ . GLN 350.E" (DIl
‘®.

LEU 352.E™ (DIII)

U GLn3s0.E (DIl A

) ~ LoopCD (M)
T /7
LEU 352.E' (D)

GLN 350.E (DIl
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5-FOLD E PROTEIN
AXIS E-E HYDROPHOBIC INTERACTIONS (LOOP F-G)

&7

* VAL 391.E" (DI

\[ ,/

VAL 391 E" (DIII) o ‘

GLU 393.E' (DIII)

VAL 391. E-(En) Loop F-G (DIIl)
‘ r » GLU 393.E" (DIIl)

VAL 391.E" (DIII)

s GLU 393.E (DIIl) , "
/ ‘ { 5
\ 4 _ )
\ / . § GLU393E ﬂu)

Loop F-G (DIII)

GLU 393.E" (DIlI)

VAL 391.E"™ (DIlI)

|
T
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_
a
U

&

VAL 391.E (DIlI)
. VAL 391.E (DIl

~\ vAL391.E™ (DIN)

VAL 391.E™ (DIII)
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5-FOLD E PROTEIN
AXIS E-E POLAR INTERACTIONS (LOOP C-D)




5-FOLD E PROTEIN
AXIS E-E POLAR INTERACTIONS (LOOP C-D): zikv AND DENV 5-FOLD VERTEX COMPARISON

GLU343.E

THR 351.E'

GLU 343.E'

GLN 350.E' ARG 345.E'

GLN 350.E

I
GLN 350E" bsssh THR 351.E

2556A
P4

GLU 343.E™

GLN 350.E™ GLU 343.E"

ARG 345.E™
THR 351.E™

GLN 350.E™

GLU 343.E"
THR 351.E"

ZIKV DENV



Interactions

E-M interactions

E monomer

EM homodimer
(front view)



E-M INTERACTIONS

INTERACTION REGIONS

E’ monomer
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EM PROTEINS
E-M POLAR INTERACTIONS

g
-

ALA 268 .E

HIS 214 E

GLU 216 .E l‘ '#’

/ - ARG1OAM \‘

H-Bonds Salt-bridge



EM PROTEINS
THERMOSTABILITY



EM PROTEINS
THERMOSTABILITY




Immunogenicity

Antibodies




Immunogenicity

Antibodies: ZIKV-195




ZIKV-195: POTENT NEUTRALIZING HUMAN MONOCLONAL ANTIBODY

Secondary
structural
elements of
DI and DII

Footprint ——

Binds to EE dimers

‘i. ‘ Q!\ ./ “-) o
) Q"‘;—/ ' =Y Specific for ZIKA virus
Vg / vl\ b \ '/’ '{ , --;
S 2%,




ZIKV-195 VIRAL PATCH

Fusion loop

Glycosylation loop




ZIKV-195
INTERACTIONS

on loop (DI
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ZIKV-195
INTERACTIONS
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ZIKV-195 INTERACTIONS
"

HHHHHH

E monomer
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ZIKV-195 SPECIFICITY

ZIKV_SPH2015_Brazil
ZIKV_2016_Venezuela

ZIKV_2013_FrenchPolynesia IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSR

ZIKV_2010_Cambodia

ZIKV_Paraiba_2015_Brazil

ZIKV_1966_Malaysia
ZIKV_1947_Uganda
ZIKV_1984_Senegal

zika_virus_1/1-504
zika_virus_2/1-498

Japanese_encephalitis_virus_1/1-500
Japanese_encephalitis_virus_2/1-499

dest_Nile_virus_1/1-501
dest_Nile_virus_2/1-501
Dengue_virus_4_1/1-495
Dengue_virus_4_2/1-495
Dengue_virus_1_1/1-495
Dengue_virus_1_2/1-495
Dengue_virus_3_1/1-493
Dengue_virus_3_2/1-493
Dengue_virus_2_1/1-495
Dengue_virus_2_2/1-495
vellow_fever_virus_1/1-493
vellow_fever_virus_2/1-493

i-j loop

b strand

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEJASISDMASDSR
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSR!

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEJASISDMASDSR
IRCIGVSNRDFVEGMSGGTWVDIVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSR!
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSRY
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEJASISDMASDSR
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASISDMASDSR!

Glycosylation loop

PTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENRAKVEITPNSPIRAEATLGGFGSLGLDCEPRTPRTGLDF
PTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENHAKVEITPNSPIRAEATLGGFGSLGLDCEPRTPRTGLDF
PTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENHAKVEITPNSPIRAEATLGGFGSLGLDCEPRTPRTGLDF
PTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENHAKVEITPNSP/RAEATLGGFGSLGLDCEPRTPRTGLDF
PTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGHETDENHAKVEITPNSP/RAEATLGGFGSLGLDCEPRTPRTGLDF
PTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDXGHETDENRAKVEITPNSP/RAEATLGGFGSLGLDCEPRTPRTGLDF
PTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSQHSGMIVNDTGYETDENHAKVEVTPNSP/RAEATLGGFGSLGLDCEPRTPRTGLDF
PTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSVHGSJHSGMIVNDTGHETDENRAKVEVTPNSP/IRAEATLGGFGSLGLDCEPRTPRTGLDF

Hkdkk Ko kEEEE

SD LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFHDAHAKRQITVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQ TLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSG
SD LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFHDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQ TLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSG
SD LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFHDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQ TLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSG
SD LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFHDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQ TLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSG
SD LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFHDAHAKRQITVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQ TLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSG
SD LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFHDAHAKRQITVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQ TLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWXRSG
SD LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFHDAHAKRQITVVVLGSQEGAVHTALAGALEAEMDGAKGKLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCKIPVQMAVDMQ TLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSG
SD LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFHDAHAKRQITVVVLGSQEGAVHTALAGALEAEMDGAKGRLFSGHLKCRLKMDKLRLKGVSYSLCTAAFTFTKVPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQ TLTPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSG

*kk

ok s

i-j loop T
f b strand

Glycosylation loop

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTV SNMAEVRSYCY!
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTV SNMAEVRSYCY!
FNCLGMGNRDFIEGASGATWVDLVLEGDSCLTIMANDKPTLDVRMINIEA SQLAEVRSYCYHASVTDISTVAREPMTGEAHNEKRADSSYVCKQGFTDRG WGNGCGLFGKGSIDTCAKFSCTSKAIGRTIQPENIKYEVGIF\
-NCLGMGNRDFIEGASGATWVDLVLEGDSCLTIMANDKPTLDVRMINIEA SQLAEVRSYCYRASVTDISTVAREPTTGEAHNEKRADSSYVCKQGFTDRG WGNGCGLFGKGSIDTCAKFSCTSKAIGRTIQPENIKYEVGIF)
FNCLGMSNRDFLEGVSGATHVDLVLEGDSCVTIMSKDKPTIDVKMMNMEA ANLAEVRSYCYJAAVSDLSTKAALP TMGEAHNDKRADPAFVCRQGVVDRG WGNGCGLFGKGSIDTCAKFACSTNATGRTILKENIKYEVATF!
FNCLGMSNRDFLEGVSGATHVDLVLEGDSCVTIMSKDKPTIDVKMMNMEA ANLADVRSYCYJASVSDLSTRAAEPTMGEAHNEKRADPAFVCKQGVVDRG WGNGCGLFGKGSIDTCAKFACTTKATGWIIQKENIKYEVAIF!
MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTA KEVALLRTYCIFALISNITTATREPTQGEPYLKEEQDQQYICRRDVVORG WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVVVT
MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGRPTLDFELTKTTA KEVALLRTYCIEASISNITTATREPTQGEPYLKEEQDQQYICRRDVVDRG WGNGCGLFGKGGVVTCAKFSCSGKITGNLVQIENLEYTVVVT
MRCVGIGSRDFVEGLSGATWVDVVLEHGSCVTTMAKDKPTLDIELLKTEV TNPAVLRKLCIEAKISNTTTDSREPTQGEATLVEEQDANFVCRRTFVDRG WGNGCGLFGKGSLITCAKFKCVTKLEGKIVQYENLKYSVIVT
MRCVGIGNRDFVEGLSGATWVDVVLEHGSCVTTMAKNKPTLDIELLKTEV TNPAVLRKLCIEAKISNTTTDSREPTQGEATLVEEQDANFVCRRTFVDRG WGNGCGLFGKGSLLTCAKFKCVTKLEGKIVQYENLKYSVIVT
MRCVGVGNRDFVEGLSGATWVDVVLEHGGCVTTMAKNKPTLDIELQKTEA TQLATLRKLCI§GKITNVTTDSREPTQGEAILPEEQDQNYVCKHTYVDRG WGNGCGLFGKGSLVTCAKFQCLELIEGKVVQHENLKYTVIIT\

ASISDMASDSREPTQGEAYLDKQSDTQYVCKRTLVDRG WGNGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSY

MRCVGVGNRDFVEGLSGATWVDVVLEHGGCVTTMAKNKPTLDIELQKTEA TQLATLRKLCIEGKITNITTDSREPTQGEAILPEEQDQNYVCKHTYVDRG WGNGCGLFGKGSLVTCAKFQCLESIEGKVVQHENLKYTVTIT\
MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEA KQPATLRKYCI!
MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEA KQPATLRKYCI!
AHCIGITDRDFIEGVHGGTWVSATLEQDKCVTVMAPDKPSLDISLETVAI DGPAEARKVCY:!

AKLTNTTTESREPTQGEPSLKEEQDKRFVCKHSMVDRG WGNGCGLFGKGGIVTCAMFTCKKNMEGKIVQPENLEYTIVVTI
AKLTNTTTESREPTQGEPSLNEEQDKRFICKHSMVDRG WGNGCGLFGKGGIVTCAMFTCKKNMEGKVVQPENLEYTIVITH
AVLTNVKINDKEPSTGEAHLEEENEGDNACKRTYSDRG WGNGCGLFGKGSIVACAKFTCAKSMSLFEVDQTKIQYVIRAQL

HGSQHSG MIVNDTGHETDENRY

HGTTTSE NHGNYSAQVGASQA
HGTTTSE NHGNYSAQVGASQA

B :

PKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEF!

ASISDMASDSREPTQGEAYLDKQSDTQYVCKRTLVDRG WGNGCGLFGKGSLVTCAKFTCSKKMTGKSIQPENLEYRIMLSYHGSQHSG MIVND- - -~ -~ ENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDFSDLYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHHNNKEALVEF

PKFTVTPNAPSITLKLGDYGEVTLDCEPRSGLNTEAFYVMTVGSKSFLVHREWFHDLALPWTPPSST - - - AWRNRELLMEF
AKFTVTPNAPSITLKLGDYGEVTLDCEPRSGLNTEAFYVMTVGSKSFLVHREWFHDLALPWTSPSST - - - AWRNRELLMEF

i-j loop

DAHA]
DAHA]
EAHA|
EAHA|

HGPTTVE SHGNYSTQTGATQAGRFGITPAAPSYTLKLGEYGEVTVDCEPRSGIDTNAYYVMTVGTKTFLVHREWFMDLNLPWSSAGST - - - VWRNRETLMEF

[HGPTTVE SHGNYSTQMGATQA
HNGDTH- AVGNDTS- - - -NH(]
[HNGDTH- AVGNDTS- - - -NHQ

EPHA|

RFSITPSAPSYTLKLGEYGEVTVDCEPRSGIDTSAYYVMSVGAKSFLVHREWFMDLNLPWSSAGST - - - THRNRETLMEF
TATITPRSPSVEVKLPDYGELTLDCEPRSGIDFNEMILMKMKKKTWLVHKQWFLDLPLPWTTGADTSEVHWNYKERMVTF!
JTATITPRSPSVEVELPDYGELTLDCEPRSGIDFNEMILMKMNKKTWLVHKQWFLDLPLPWTAGADTSEVHWNNKERMVTF!

HTGDQH- QVGNEST- - - - EH(T TATITPQAPTSEIQLTDYGALTLDCSPRTGLDFNEMVLL TMKEKSWLVHKQWFLDLPLPHTSGASTSQE THNRQDLLVTF!
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- -GTSIFAGHLKCRLKMDK LELKGMSYAMCLNTFVLKKEVSETQHGTILIKVEYKGEDAPCKIPFSTE- DGQ ITANPVVTK- -KEEPVNI

EHQTIATITPQAPTSEIQLTDYGALTLDCSPRTGLDFNEMVLLTMKEKSWLVHKQWFLDLPLPWTSGASTSQETWNRQDLLVTF

TAEITPQASTVEAILPEYGTLGLECSPRTGLDFNEMILLTMKNKAWMVHRQWFFDLPLPWTSGATTETPTWNKKELLVTF!
TAEITPQASTVEAILPEYGTLGLECSPRTGLDFNEMILLTMKNKAWMVHRQWFFDLPLPWTSGATTETPTWNRKELLVTF!
EIKVTPQSSITEAELTGYGTVTMECSPRTGLDFNEMVLLQMENKAWLVHRQWFLDLPLPWLPGADKQESNWIQKETLVTF
EIKITPQSSITEAELTGYGTVTMECSPRTGLDFNEMVLLQMEDKAWLVHRQWFLDLPLPWLPGADTQGSNWIQKETLVTF

EPHA|
\VPHA|
\VPHA|
TAHA
TAHA|
NAHA|
NAHA|
NPHA
NPHA|

TLKFDALSGSQEAEFTGYGRATLECQVQTAVDFSNSYIAEMEKESWIVDKQWAQDLTLPWQSGSGG- - - VWREMHHLVEF

PPHA|

TLKFDALSGSQEAEFTGYGRATLECQVQTAVDFSNSY TAEMEKESWIVDKQWAQDLTLPWQSGSGG- - - VWREMHHLVEF
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PPHA|

SVKLTSGHLKCRLKMDK LALKGTTYGMCTGKFSFAKNPADTGHGTVVIELSYSGSDGPCKIPTIVSVA SLNDMTPVGRLVTVNPFVATSSANSKVLVEMEPPFGDSYIVVGRGDKQIN HHWHKAGSTLGKAFLTTLKGAQRLAALGDTADFGSIGGVFNSIGKAVHQ VFGGAFRTLFGGMSHWITQGLMGALLLWMGYNARDRSIALAFLATGGVLLF LATNVHA
SVKLTSGHLKCRLKMDK LALKGTTYGMCTEKFSFAKNPADTGHGTVVIELSYSGSDGPCKIPIVSVA SLNDMTPVGRLVTVNPFVATSSANSKVLVEMEPPFGDSYIVVGRGDKQIN HHWHKAGSTLGKAFSTTLKGAQRLAALGDTADFGSIGGVFNSIGKAVHQ VFGGAFRTLFGGMSHITQGLMGALLLWMGYNARDRSIALAFLATGGVLVF LATNVHA

TVKLTSGHLKCRVKMEK LQLKGTTYGVCSKAFKFAGTPADTGHGTVVLELQYTGTDGPCKVPISSVA SLNDLTPVGRLVTVNPFVSVATANSKVLIELEPPFGDSYIVVGRGEQQIN HHWHKSGSS IGKAF TTTLRGAQRLAALGDTAWDFGSVGGVFASVGKATHQ VFGGAFRSLFGGMSHITQGLLGALLLWMGINARDRSIAMTFLAVGGVLLF LSVNVHA
KCKVRMEK LRIKGMSYTMCSGKFSIDKEMAETQHGT TVVKVKYEGAGAPCKVPIEIR - DVNKEKVVGRVISATPLAEN- - TNSVTNIELEPPFGDSYIVIGVGNSALT LHWFRKGSSIGKMFESTYRGAKRMAILGETAWDFGSVGGLFTSLGKAVHQ VFGSVYTTMFGGVSWMIRILIGFLVLWIGTNSRNTSMAMTCIAVGGITLF LGFTVQA
KCKVRMEK LRIKGMSY TMCSGKFSIDKEMAETQHGT TVVKVKYEGAGAPCKVPIEIR - DVNKEKVIGRVISSIPLAEN- - TNSVTNIELEPPFGDSYIVIGVGNSALT LHWFRKGSSIGKMFESTYRGAKRMAILGETAWDFGSVGGLFTSLGKAVHQ VFGSVYTTMFGGVSWMIRILIGFLVLWIGTNSRNTSMAMTCIAVGGITLF LGFTVQA
TTTIFAGHLKCRLKMDK LTLKGMSYVMCTGSFKLEKEVAETQHGTVLVQIKVEGTDAPCKIPFSTQ- DEKGVTQNGRLITANPIVTD- -KEKPVNIEAEPPFGESYIVIGAGEKALK LSWFKKGSSIGKMFEATARGARRMATLGDTADFGSIGGVFTSVGKLVHQ IFGTAYGVLFSGVSHTMKIGIGVLLTHLGLNSRSTSLSMTCIAVGLVTLY LGVMVQA
TTTIFAGHLKCRLKMDK LTLKGTSYVMCTGSFKLEKEVAETQHGTVLVQUKYEGTDAPCKIPFSTQ- DEKGVTQNGRLITANPIVTD- -KEKPVNIETEPPFGESYIVVGAGEKALK L SWFKKGSS IGKMFEATARGARRMATLGDTAWDFGSIGGVFTSVGKLVHQ VFGTAYGVLFSGVSHTMKIGIGILLTHLGLNSRSTSLSMTCIAVGHVTLY LGVMVQA
- -GTSIFAGHLKCRLKMDK LELKGMSYAMCSNAFVLKKEVSETQHGTILIKVEYKGEDAPCKIPFSTE- DEQGKAHNGRLITANPVVTK - -KEEPVNIEAEPPFGESNIIIGIGDKALK INWYKKGSSIGKMFEATARGARRMAILGDTAWDFGSVGGVLNSLGKMVHQ IFGSAYTALFSGVSWIMKIGIGVLLTWIGLNSKNTSMSFSCIVIGIITLY LGAVVQA
IVIGIGDKALK INWYKKGSSIGKMFEATARGARRMATLGDTAHDFGSVGGVLNSLGKMVHQ IFGSAYTALFGGVSHIMKIGIGVLLTHIGLNSKNTSMSFSCIVIGIITLY LGTVVQA
ILGDTAWDFGSLGGVFTSVGKALHQ VFGAIYGAAFSGYSWTMKILIGVIITWIGMNSRSTSLSVSLVLVGIVTLY LGVMVQA
- - GNLLFTGHLKCRLRMDK LQLKGHMSYSMCTGKFKIVKEIAETQHGTIVIRVQYEGDGSPCKIPFELT - pLEKRHVLGRLITVNPIVTE - -KDSPVNIEAEPPFGDSYIIIGVEPGQLK LNWFKKGSSIGQMFETTMRGAKRMATLGDTAHDFGSLGGVFTSIGKALHQ VFGAIYGAAFSGVSHTMKILIGVIITWIGMNSRSTSLSVSLVLVGVVTLY LGAMVQA
ATIKVLALGNQEGSLKTALTGAMRVTKDTNNSKLYKLHGGHVACRVKLSA LTLKGTSYKHCTDKHSFVKNPTOTGHGTAVMQUKVP - KGAPCRIPVMVAD DLTAAVNKGILVTVNPIAST - -NODEVLIEVNPPFGDSYIIVGTGDSRLT YQUHKEGSS IGKLFTQTMKGAERL AVMGDAANDFGSAGGFFTSVGKGIHT VFGSAFQGLFGGLSHITKVIMGVVLIWVGINTRNMTHSMSHILVGVIMHF LSLGVGA
ATIKVLALGNQEGSLKTALTGAMRVTKDTNNSKLYKLHGGHVACRVKLSA LTLKGTSYKHCTOKMSFVKNPTDTGHGTAVHQUKVP -KGAPCRIPVMVAD DL TAAVNKGILVTVNPIAST - -NDDEVLIEVNPPFGDSYIIVGTGDSRLT YQUHKEGSSIGKLFTQTHKGAERLAVMGDAAHDFGSAGGF FTSVGKGIHT VFGSAFQGLFGGLSWITKVIMGVVLIHVGINTRNHTHSHSMILVGYIMNF
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Immunogenicity

Antibodies; A-11




ANTIBODY CROSS-NEUTRALIZATION: A11
PHYLOGENETIC TREE

Yellow fever virus_1
Yellow_fever virus_2
_[ Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
West_Nile_virus_1
[ West_Nile_virus_2

Zika_virus_1
IZika_virus_Z
Dengue_virus_4_1
[ Dengue_virus_4_2
_[ Dengue_virus_1_1
Dengue_virus_1_2
_lDengue_virus_3_1
Dengue_virus_3_2

Dengue_virus_2_1
[ Dengue_virus_2_2

Phylogenetic tree made by phylogeny.fr



ANTIBODY CROSS-NEUTRALIZATION: A11 VIRAL PATCH

Fusion loop i-j loop b strand




ANTIBODY CROSS-NEUTRALIZATION: A11 BINDING ZONES

E’ monomer -
m—— — z.
__, /_J

Glycosilation loop (DI) ».
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ANTIBODY CROSS-NEUTRALIZATION:
A11 INTERACTIONS

Hbond with
ASN154
glycan

b strand

Glycosilation loop (DI)

SA

7f ( '§



ANTIBODY CROSS-NEUTRALIZATION:
A11 INTERACTIONS

-
ASP113 - 5 PRGIE

SER 114 '. '

A

T,

411A

H-CDR3

b strand and
Fusion loop

Back view



ANTIBODY CROSS-NEUTRALIZATION:
A11 INTERACTIONS

SER 107 /

ﬁt

GLY 102

i

-V

4

Fusion loop (o’

Q

H-CDR3
Fusion loop
and i-j loop




ANTIBODY CROSS-NEUTRALIZATION: A11
COMPARISON WITH DENV

ZIKV
DENV_2

ZIKV
DENV_2

ZIKV
DENV_2

ZIKV
DENV_2

ZIKV
DENV_2

ZIKV
DENV_2

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTV
MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEA
RIKD SdRkINK k. Idk. Wk . KIK KD LikIik. 1.

> —e
SNMAEVRSYCYEASISDM ﬁPTQGEAYLDKQSDTQYVCKRTLVﬂEG‘ 100
G

KQPATLRKYCIEAKLTNTTTESRCPTQGEPSLKEEQDKRFVCKHSMV
* ko k. D51 *k  kk, 1.l i1 bk

D —w—— 4
:ENGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSG

GCGLFGKGGIVTCAMFTCKKNMEGKIVQPENLEYTIVVTPHSGEEH-
sorforcfolofolordok, 1 1k kK R *

MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSD
AVGNDTG--—-KHGKEIKVTPQSSITEAELTGYGTVTMECSPRTGLDFNE
. e 2 ok Iik. 1.0l

LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHA
MVLLQMENKAWLVHRQWFLDLPLPWLPGADKQESNWIQKETLVTFKNPHA
HEHEHH S R HEE = = * - HEE =

QTVVVLGSQEGAVHTALAGALEAEMDGA---KGRLSSGHLKCRLKMDK
QDVVVLGSQEGAMHTALTGATEIQMSS—---GNLLFTGHLKCRLRMDK
k Lkkadkk, D1 dkiIkk . . TokkD kiiil.

50
50

100

150
149

200
195

250
245

297
291

i-j loop

Cross-react binding
residues




COMPARISON OF ZIKV-195 AND A11

ZIKV
DENV_2

ZIKV
DENV_2

ZIKV
DENV_2

ZIKV
DENV_2

ZIKV
DENV_2

ZIKV
DENV_2

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTV
MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEA
RIKD SdRkINK k. Idk. Wk . KIK KD LikIik. 1.

> —e
SNMAEVRSYCYEASISDMAS )}PTQGEAYLDKQSDTQYVCKRTLVﬂEG‘ 100
G

KQPATLRKYCIEAKLTNTT[T PTQGEPSLKEEQDKRFVCKHSMV
* ko k. D51 *k  kk, 1.l i1 bk

D —w—— 4
uEﬁGCGLFGKGSLVTCAKFACSKKMTGKSIQPENLEYRIMLSVHGSQHSG

GCGLFGKGGIVTCAMFTCKKNMEGKIVQPENLEYTIVVTPHSGEEH-
sorforcfolofolordok, 1 1k kK R *

MIVNDTGHETDENRAKVEITPNSPRAEATLGGFGSLGLDCEPRTGLDFSD
AVGNDTG--—-KHGKEIKVTPQSSITEAELTGYGTVTMECSPRTGLDFNE
. e 2 ok Iik. 1.0l

LYYLTMNNKHWLVHKEWFHDIPLPWHAGADTGTPHWNNKEALVEFKDAHA
MVLLQMENKAWLVHRQWFLDLPLPWLPGADKQESNWIQKETLVTFKNPHA
- TR R - = * - HEE =

ROTVVVLGSQEGAVHTALAGALEAEMDGA---KGRLSSGHLKCRLKMDK
QDVVVLGSQEGAMHTALTGATEIQMSS—---GNLLFTGHLKCRLRMDK
k Lkkadkk, D1 dkiIkk . . TokkD kiiil.

50
50

100

150
149

200
195

250
245

297
291

i-j loop

Shared binding
residues

Specific binding residues
of ZIKV-195



Conclusions




TAKE-HOME MESSAGE

— Simple sources can give rise to complex structures

— Viral variability can be useful to find therapeutic targets

— Recent growth of interest in ZIKA virus

— Refinement of structure resolving techniques are currently improving this study field

— Zika virus is not as structurally studied as other Flaviviruses.




MATERIALS

PDB code Protein/Organism Resolution Method Reference (DOI)
Proteins E and M Electron 10.1016/j.str.2018.05.
SO0 (ZIKV) 3.1 A Microscopy 006
Proteins E and M Electron
3J27 (DENV2) 3.6 A Microscopy 10.1038/nsmb.2463
5127 URSGIEY ElellE 3.7 A Sl 10.1038/nature17994
ZIKV Microscopy
Proteins E and M Electron 10.1126/science.aaf5
SIRE (ZIKV) 3.8 A Microscopy 316
Proteins E, M and Electron
5U4W pr domain (ZIKV 9.1A Microsco 10.1038/nsmb.3352
and DENV?2) Py
6MID ZIKV-195 + E dimer 4 A Electron 10.1073/pnas.181543
Microscopy 2116

SLCV A11 Fab + E dimer 2.64 A X-Ray Diffraction 10.1038/nature 18938



http://dx.doi.org/10.1016/j.str.2018.05.006
http://dx.doi.org/10.1016/j.str.2018.05.006
http://dx.doi.org/10.1038/nsmb.2463
http://dx.doi.org/10.1038/nature17994
http://dx.doi.org/10.1126/science.aaf5316
http://dx.doi.org/10.1126/science.aaf5316
http://dx.doi.org/10.1038/nsmb.3352
https://doi.org/10.1073/pnas.1815432116
https://doi.org/10.1073/pnas.1815432116
http://dx.doi.org/10.1038/nature18938

MATERIALS

PDB code Protein/Organism Resolution Method Reference (DOI)

Proteins M and E . . 10.1128/JVI1.79.2.122

1UZG (DENV3) 35A X-Ray Diffraction 31931 9005
Proteins M and E . . 10.1038/emboj.2011.

3UAJ (DENVA) 3.2A X-Ray Diffraction 439

2HGO Protein E (WNV) 3A X-Ray Diffraction 20 ALOHE0

3P54 Protein E (JEV) 2.097 A X-Ray Diffraction 128000020

10.1016/j.celrep.2018
6iW4 Protein E (YEV) 2,801 A X-Ray Diffraction

.12.065



http://dx.doi.org/10.1128/JVI.79.2.1223-1231.2005
http://dx.doi.org/10.1128/JVI.79.2.1223-1231.2005
http://dx.doi.org/10.1038/emboj.2011.439
http://dx.doi.org/10.1038/emboj.2011.439
http://dx.doi.org/10.1128/JVI.01125-06
http://dx.doi.org/10.1128/JVI.01125-06
http://dx.doi.org/10.1128/JVI.06072-11
http://dx.doi.org/10.1128/JVI.06072-11
https://doi.org/10.1016/j.celrep.2018.12.065
https://doi.org/10.1016/j.celrep.2018.12.065
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Questions

Which is the most used technique to solve viral structures?

a)
b)
c)
d)
e)

X-ray diffraction
Cryo-electromicroscopy
NMR

a and b are correct

all of them are correct

Which of the following sentences is correct:

a)
b)
<)
d)
e)

The Zika virus envelope symmetry consists of one axis of each fold (5, 3 and 2).
The Zika virus symmetry is icosahedral.

Not all the Flaviviruses share the same symmetry.

The Zika virus has a T=4-like organization of surface.

The Zika virus envelope is composed by 200 asymmetric units.

The asymmetric unit of Zika virus envelope is composed by:

b)

60 trimers of E proteins

The E-M heterodimers trimer
A raft of three E homodimers
5-fold axis

None of them are correct

Which of the following sentences is false:

a)
b)

S0

)
)

D

The envelope protein E plays an important role in cell attachment but not in antigenicity.
The envelope protein E is formed by three ectodomains (DI, DI, DII).

DIl and DIl contains the neutralizing epitopes.

Domains DIl and DIl belong to alpha-beta class (CATH classification).

The envelope protein E is structurally similar among Flaviviruses.



Questions

About protein E loops, choose the correct answer:

a)
b)
c)
d)
e)

There are no variable loop in E protein.

Zika virus has 10 loops functionally relevant.

The fusion loop is the most conserved loop of E protein.

The DI-DIIl hinge is responsible for the viral interaction with the cellular receptor.
All of them are correct.

Related to the Zika virus surface:

e)

Needs an aqueous environment to survive, that’s why the surface of E protein is mainly polar.

E protein is also anchored on the membrane, so the transmembrane domain has a hydrophobic surface.
a and b are correct.

Even though the surface of the ectodomains is polar, there is a hydrophobic pocket.

All of them are correct.

The interactions between E monomers:

a) Are mainly polar.
b) Depends on the symmetry axis they adjacent to.
c) A and B are correct.
d) Determine the interaction of the M protein with the pr peptide.
e) All of the above are correct.
M protein:

a)
b)
c)
d)
e)

Is bigger than E protein.

Is mainly formed by beta strands.

In the mature form of the Zika virus is exposed to the solvent.

Is formed by three alpha helices (H1, H2 and H3)

There are no hydrophobic interactions between E and M proteins.



Questions

Which of the following sentences is false:

a) T cell epitopes are mainly located in E protein transmembrane domain.

b) ZIKV-195 is a potent human monoclonal antibody that prevents the formation of fusogenic trimers.

) There is cross-neutralization between flavivirus, mainly between Zika and Dengue.

d) Some of the Zika virus epitopes are negatively selected.

e) The specificity of the antibody ZIKV-195 for the Zika virus is due to the conservation of certain residues among ZIKA virus strains.
Select the correct answer:

1. The k-l Loop of DENV has been associated to the change of conformation of the hydrophobic pocket.
2. The Histidine 323 is thought to be the molecular sensor for triggering fusion.
3. The hydrophobic pocket is hiding the fusion loop in neutral pH.
4. The hydrophobic is hiding the fusion loop in all of the viral conformations.
a) 1,2and 3
b) 1and 3
C) 2and 4
d) 4
e) 1,2,3and 4
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ANNEX

HMM alignment

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTV
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTV
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTV
IRCIGVSNRDFVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVTTTV
MRCVGIGSRDFVEGLSGATWVDVVLEHGSCVTTMAKDKPTLDIELLKTEV
MRCVGIGNRDFVEGLSGATWVDVVLEHGSCVTTMAKNKPTLDIELLKTEV
MRCVGIGSRDFVEGLSGATWVDVVLEHGSCVTTMAKDKPTLDIELLKTEV
MRCVGIGSRDFVEGLSGATWVDVVLEHGSCVTTMAKNKPTLDIELLKTEV
MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEA
MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEA
MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEA
MRCIGISNRDFVEGVSGGSWVDIVLEHGSCVTTMAKNKPTLDFELIKTEA
MRCVGVGNRDFVEGLSGATWVDVVLEHGGCVTTMAKNKPTLDIELQKTEA
MRCVGVGNRDFVEGLSGATWVDVVLEHGGCVTTMAKNKPTLDIELQKTEA
-RCVGVGNRDFVEGLSGATWVDVVLEHGGCVTTMAKNKPTLDIELQKTEA
MRCVGVGNRDFVEGLSGATWVDVVLEHGGCVTTMAKNKPTLDIELQKTEA
MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTA
MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGRPTLDFELTKTTA
MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTA
MRCVGVGNRDFVEGVSGGAWVDLVLEHGGCVTTMAQGKPTLDFELTKTTA
FNCLGMGNRDFIEGASGATWVDLVLEGDSCLTIMANDKPTLDVRMINIEA
~NCLGMGNRDFIEGASGATWVDLVLEGDSCLTIMANDKPTLDVRMINIEA
————————————EGASGATWVDLVLEGDSCLTIMANDKPTLDVRMINIEA
————————————EGASGATWVDLVLEGDSCLTILANDKPTLDVRMINIEA
FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEA
FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEA
FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEA
FNCLGMSNRDFLEGVSGATWVDLVLEGDSCVTIMSKDKPTIDVKMMNMEA
AHCIGITDRDFIEGVHGGTWVSATLEQDKCVTVMAPDKPSLDISLETVAI
AHCIGITDRDFIEGVHGGTWVSATLEQDKCVTVMAPDKPSLDISLETVAI
AHCIGITDRDFIEGVHGGTWVSATLEQDKCVTVMAPDKPSLDISLETVAI
AHCIGITDRDFIEGVHGGTWVSATLEQDKCVTVMAPDKPSLDISLETVAI
XXXXXXXXXXXXXXXXXXXKKXXXXXXKXKKKXXXX XX XXX XXX XX XX XXX

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

Flavivirus glycoprotein, central and
dimerisation domains

SNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRG
SNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRG
SNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRG
SNMAEVRSYCYEASISDMASDSRCPTQGEAYLDKQSDTQYVCKRTLVDRG
TNPAVLRKLCIEAKISNTTTDSRCPTQGEATLVEEQDANFVCRRTFVDRG
TNPAVLRKLCIEAKISNTTTDSRCPTQGEATLVEEQDANFVCRRTFVDRG
TNPAILRKLCIEAKISNTTTDSRCPTQGEATLVEEQDANFVCRRTFVDRG
TNPAVLRKLCIEAKISNTTTDSRCPTQGEATLVEEQDANFVCRRTFVDRG
KQPATLRKYCIEAKLTNTTTESRCPTQGEPSLKEEQDKRFVCKHSMVDRG
KQPATLRKYCIEAKLTNTTTESRCPTQGEPSLNEEQDKRFICKHSMVDRG
KQPATLRKYCIEAKLTNTTTESRCPTQGEPSLNEEQDKRFICKHSMVDRG
KQPATLRKYCIEAKLTNTTTESRCPTQGEPSLNEEQDKRFICKHSMVDRG
TQLATLRKLCIEGKITNVTTDSRCPTQGEAILPEEQDQNYVCKHTYVDRG
TQLATLRKLCIEGKITNITTDSRCPTQGEAILPEEQDQNYVCKHTYVDRG
TQLATLRKLCIEGKITNITTDSRCPTQGEAVLPEEQDQNYVCKHTYVDRG
TQLATLRKLCIEGKITNVTTDSRCPTQGEAILPEEQDQNYVCKHTYVDRG
KEVALLRTYCIEALISNITTATRCPTQGEPYLKEEQDQQYICRRDVVDRG
KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRDVVDRG
KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRDVVDRG
KEVALLRTYCIEASISNITTATRCPTQGEPYLKEEQDQQYICRRGVVDRG
SQLAEVRSYCYHASVTDISTVARCPMTGEAHNEKRADSSYVCKQGFTDRG
SQLAEVRSYCYHASVTDISTVARCPTTGEAHNEKRADSSYVCKQGFTDRG
SQLAEVRSYCYHASVTDISTVARCPTTGEAHNEKRADSSYVCKQGFTDRG
SQLAEVRSYCYHASVTDISTVARCPTTGEAHNEKRADSSYVCKQGFTDRG
ANLAEVRSYCYLAAVSDLSTKAACPTMGEAHNDKRADPAFVCRQGVVDRG
ANLADVRSYCYLASVSDLSTRAACPTMGEAHNEKRADPAFVCKQGVVDRG
ANLAEVRSYCYLATVSDLSTKAACPTMGEAHNDKRADPAFVCRQGVVDRG
ANLAEVRSYCYLATVSDLSTKAACPTMGEAHNDKRADPAFVCRQGVVDRG
DGPAEARKVCYSAVLTNVKINDKCPSTGEAHLEEENEGDNACKRTYSDRG
DGPAEARKVCYSAVLTNVKINDKCPSTGEAHLEEENEGDNACKRTYSDRG
DGPAEARKVCYSAVLTNVKINDKCPSTGEAHLEEENEGDNACKRTYSDRG
DGPAEARKVCYSAVLTNVKINDKCPSTGEAHLEEENEGDNACKRTYSDRG
2K XAXK XXX XXX XXX XXX



ANNEX

HMM alignment

Zika_virus_1
Zika_virus_2
Zika_virus_3
Zika_virus_4
Dengue_virus_1_
Dengue_virus_1_;
Dengue_virus_1_.
Dengue_virus_1_:
Dengue_virus_2_
Dengue_virus_2
Dengue_virus_2_.
Dengue_virus_2_:
Dengue_virus_3_

Dengue_virus_3_.
Dengue_virus_3_.
Dengue_virus_3_:
Dengue_virus_4_
Dengue_virus_4_:
Dengue_virus_4_.
Dengue_virus_4_:
Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4
West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4
Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

&
2
3
4
1
2
3
4
1 &

2
3
4
1
2
3
4

WGNGCGLFGKGSLVTCAKFTC—SKKMTGKSIQPENLEYRIMLSVHGSQH
WGNGCGLFGKGSLVTCAKFTC——SKKMTGKSIQPENLEYRIMLSVHGSQH
WGNGCGLFGKGSLVTCAKFTC—SKKMTGKSIQPENLEYRIMLSVHGSQH
WGNGCGLFGKGSLVTCAKFTC——SKKMTGKSIQPENLEYRIMLSVHGSQH
WGNGCGLFGKGSLITCAKFKC——VTKLEGKIVQYENLKYSVIVTVHTGDQ
WGNGCGLFGKGSLLTCAKFKC—VTKLEGKIVQYENLKYSVIVTVHTGDQ
WGNGCGLFGKGSLITCAKFKC——VTKLEGKIVQYENLKYSVIVTVHTGDQ
WGNGCGLFGKGSLITCAKFKC—VTKLEGKIVQYENLKYSVIVTVHTGDQ
WGNGCGLFGKGGIVTCAMFTC—KKNMEGKIVQPENLEYTIVVTPHSGEE
WGNGCGLFGKGGIVTCAMFTC——KKNMEGKVVQPENLEYTIVITPHSGEE
WGNGCGLFGKGGIVTCAMFTC—KKNMEGKVVQPENLEYTIVITPHSGEE
WGNGCGLFGKGGIVTCAMFTC——KKNMEGKVVLPENLEYTIVITPHSGEE
WGNGCGLFGKGSLVTCAKFQC—LELIEGKVVQHENLKYTVIITVHTGDQ
WGNGCGLFGKGSLVTCAKFQC—LESIEGKVVQHENLKYTVTITVHTGDQ
WGNGCGLFGKGSLVTCAKFQC-—LEPIEGKVVQYENLKYTVIITVHTGDQ
WGNGCGLFGKGSLVTCAKFQC—LESIEGKVVQHENLKYTVIITVHTGDQ
WGNGCGLFGKGGVVTCAKFSC—SGKITGNLVQIENLEYTVVVTVHNGDT
WGNGCGLFGKGGVVTCAKFSC——SGKITGNLVQIENLEYTVVVTVHNGDT
WGNGCGLFGKGGVVTCAKFLC—LGKITGNLVQIENLEYTVVVTVHNGDT
WGNGCGLFGKGGVVTCAKFLC——SGKITGNLVQIENLEYTVVVTVHNGDT
WGNGCGLFGKGSIDTCAKFSC——TSKAIGRTIQPENIKYEVGIFVHGTTT
WGNGCGLFGKGSIDTCAKFSC—TSKAIGRTIQPENIKYEVGIFVHGTTT
WGNGCGLFGKGSIDTCAKFSC——TSKAIGRMIQPENIKYEVGIFVHGTTT
WGNGCGLFGKGSIDTCAKFSC——TSKAIGRMIQPENIKYEVGIFVHGTTT
WGNGCGLFGKGSIDTCAKFAC—STNATGRTILKENIKYEVAIFVHGPTT
WGNGCGLFGKGSIDTCAKFAC——TTKATGWIIQKENIKYEVAIFVHGPTT
WGNGCGLFGKGSIDTCAKFAC—STKAIGRTILKENIKYEVAIFVHGPTT
WGNGCGLFGKGSIDTCAKFAC—STKAIGRTILKENIKYEVAIFVHGPTT
WGNGCGLFGKGSIVACAKFTC—AKSMSLFEVDQTKIQYVIRAQLHVGAK
WGNGCGLFGKGSIVACAKFTC—AKSMSLFEVDQTKIQYVIRAQLHVGAK
WGNGCGLFGKGSIVACAKFTC-—AKSMSLFEVDQTKIQYVIRAQLHVGAK
WGNGCGLFGKGSIVACAKFAC—AKSMSLFEVDQTKIQYVIRAQLHVGAK
XXXXXXXXHXXXXXXXXXXHXXXXXXXXXKXXKXXKKXXKXXKXKX XXX XXXKKXX

Zika_virus_1
Zika_virus_2
Zika_virus_3
Zika_virus_4
Dengue_virus_1_
Dengue_virus_1_
Dengue_virus_1_.
Dengue_virus_1_.
Dengue_virus_2_
Dengue_virus_2_
Dengue_virus_2
Dengue_virus_2
Dengue_virus_3_

Dengue_virus_3__
Dengue_virus_3_.
Dengue_virus_3_.
Dengue_virus_4_
Dengue_virus_4_
Dengue_virus_4__
Dengue_virus_4_.
Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4
West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4
Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

¢
2
3
4
1
2
3
4
1

2
3
4
1
2
3
4

Flavivirus glycoprotein, central and
dimerisation domains

SGMIV—————.NDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDF
SGMIV—————.NDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDF
SGMIV—————.NDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDF
SGMIV—————.NDENRAKVEVTPNSPRAEATLGGFGSLGLDCEPRTGLDF
HQVGNE————. STEHGTTATITPQAPTSEIQLTDYGALTLDCSPRTGLDF
HQVGNE-———. TTEHGTIATITPQAPTSEIQLTDYGALTLDCSPRTGLDF
HQVGNE————. STEHGTTATITPQAPTTEIQLTDYGALTLDCSPRTGLDF
HQVGNE———. STEHGTTATITPQAPTTEIQLTDYGALTLDCSPRTGLDF
HAVGND————. TGKHGKEIKVTPQSSITEAELTGYGTVTMECSPRTGLDF
HAVGND————. TGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDF
HAVGND————. TGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDF
HAVGND————. TGKHGKEIKITPQSSITEAELTGYGTVTMECSPRTGLDF
HQVG .NETQGVTAEITPQASTVEAILPEYGTLGLECSPRTGLDF
HQVGND————. —TQGVTAEITPQASTVEAILPEYGTLGLECSPRTGLDF
HQVG .NETQGVTAEITPQASTTEAILPEYGTLGLECSPRTGLDF
HQVG .NETQGVTAEITPQASTVEAILPEYGTLGLECSPRTGLDF
HAVGND-———. TSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDF
HAVGND————. TSNHGVTATITPRSPSVEVELPDYGELTLDCEPRSGIDF
HAVGND————. TSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDF
HAVGND————. TSNHGVTATITPRSPSVEVKLPDYGELTLDCEPRSGIDF
SENHGNYSAQVGASQAAKFTVTPNAPSITLKLGDYGEVTLDCEPRSGLNT
SENHGNYSAQVGASQAAKFTVTPNAPSITLKLGDYGEVTLDCEPRSGLNT
SENHGNYSAQVGASQAAKFTVTPNAPSITLKLGDYGEVTLDCEPRSGLNT
SENHGNYSAQVGASQAAKFTVTPNAPSITLKLGDYGEVTLDCEPRSGLNT
VESHGNYSTQtGATQAGRFGITPAAPSYTLKLGEYGEVTVDCEPRSGIDT
VESHGNYSTQmGATQAGRFSITPSAPSYTLKLGEYGEVTVDCEPRSGIDT
VESHGNYSTQaGATQAGRFSITPAAPSYTLKLGEYGEVTVDCEPRSGIDT
VESHGNYSTQaGATQAGRFSITPAAPSYTLKLGEYGEVTVDCEPRSGIDT

QEN <WNTDIKTLKFDALSGSQEAEFTGYGRATLECQVQTAVDF
QEN <WNTDIKTLKFDALSGSQEAEFTGYGRATLECQVQTAVDF
QEN -WNTDIKTLKFDALSGSQEAEFTGYGKATLECQVQTAVDF
QEN WNTDIKTLKFDALSGSQEAEFTGYGRATLECQVQTAVDF

OOEAKHKHXX = KA XAX XXX XXXXXX



ANNEX

HMM alignment

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

SDLYYLTMN————NKHWLVHKEWFHDIPLPWHAGADTGTpHWNNKEALV
SDLYYLTMN————NKHWLVHKEWFHDIPLPWHAGADTGTpHWNNKEALV
SDLYYLTMN————NKHWLVHKEWFHDIPLPWHAGADTGTpHWNNKEALV
SDLYYLTMN—————NKHWLVHKEWFHDIPLPWHAGADTGTpHWNNKEALV
NEMVLLTMK————EKSWLVHKQWFLDLPLPWTSGASTSQe TWNRQDLLV
NEMVLLTMK—————EKSWLVHKQWFLDLPLPWTSGASTSQe TWNRQDLLV
NEMVLLTMK—————EKSWLVHKQWFLDLPLPWTSGASTSQe TWNRQDLLV
NEMVLLTMK————EKSWLVHKQWFLDLPLPWTSGASTSQe TWNRQDLLV
NEMVLLQME————NKAWLVHRQWFLDLPLPWLPGADKQESNWIQKETLV
NEMVLLQME—————DKAWLVHRQWFLDLPLPWLPGADTQGSNWIQKETLV
NEMVLLQME————DKAWLVHRQWFLDLPLPWLPGADTQGSNWIQKETLV
NEMVLLQME—————DKAWLVHRQWFLDLPLPWLPGADTQGSNWIQKETLV
NEMILLTMK————NKAWMVHRQWFFDLPLPWTSGATTETpTWNKKELLV
NEMILLTMK—————NKAWMVHRQWFFDLPLPWTSGATTETpTWNRKELLV
NEMILLTMK—————NKAWMVHKQWFFDLPLPWTSGATTETpTWNRKELLV
NEMILLTMK—————NKAWMVHRQWFFDLPLPWTSGATTETpTWNKKELLV
NEMILMKMK—————KKTWLVHKQWFLDLPLPWTTGADTSEVHWNYKERMV
NEMILMKMN-————KKTWLVHKQWFLDLPLPWTAGADTSEVHWNNKERMV
NEMILMKMK—————KKTWLVHKQWFLDLPLPWTAGADTSEVHWNYKERMV
NEMILMKMK—————KKTWLVHKQWFLDLPLPWTAGADTSEVHWNYKERMV
EAFYVMTVG————SKSFLVHREWFHDLALPWTPPSSTA-. -WRNRELLM
EAFYVMTVG————SKSFLVHREWFHDLALPWTSPSSTA-. -WRNRELLM
EAFYVMTVG————SKSFLVHREWFHDLSLPWTSPSSTA-. -WRNRELLM
EAFYVMTVG————SKSFLVHREWFHDLSLPWTSPSSTA-. -WRNRELLM
NAYYWMTVG—————TKTFLVHREWFMDLNLPWSSAGSTV-. -WRNRETLM
SAYYVWMSVG————AKSFLVHREWFMDLNLPWSSAGSTT-. ~WRNRETLM
NAYYVMTVG—————TKTFLVHREWFMDLNLPWSSAGSTV-. -WRNRETLM
NAYYVMTVG—————TKTFLVHREWFMDLNLPWSSAGSTV-. -WRNRETLM
SNSYIAEME-————KESWIVDKQWAQDLTLPWQSGSGGV~. -WREMHHLV
SNSYIAEME-————KESWIVDKQWAQDLTLPWQSGSGGV-. ~WREMHHLV
SNSYIAEME-————KESWIVDKQWAQDLTLPWQSGSGGV~. ~WREMHHLV
SNSYIAEME-—————KESWIVDKQWAQDLTLPWQSGSGGV~. ~WREMHHLV
2OOOOOOOOAXHXAAXXXAXAXXARAXXXXXXX & XXXXXXXXX

Zika_virus_1
Zika_virus_2
Zika_virus_3
Zika_virus_4
Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_.
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

Flavivirus glycoprotein, central and
dimerisation domains

EFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAK——. GRLFSGHLK
EFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAK—. GRLFSGHLK
EFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAK——. GRLFSGHLK
EFKDAHAKRQTVVVLGSQEGAVHTALAGALEAEMDGAK——. GRLFSGHLK
TFKTAHAKKQEVVVLGSQEGAMHTALTGATEIQTSGTT—. ~TIFAGHLK
TFKTAHAKKQEVVVLGSQEGAMHTALTGATEIQTSGTT——. ~TIFAGHLK
TFKTAHAKKQEVVVLGSQEGAMHTALTGATEIQTSGTT—. ~TIFAGHLK
TFKTAHAKKQEVVVLGSQEGAMHTALTGATEIQTSGTT——. ~TIFAGHLK
TFKNPHAKKQDVVVLGSQEGAMHTALTGATEIQMSSGN——. ~LLFTGHLK
TFKNPHAKKQDVVVLGSQEGAMHTALTGATEIQMSSGN—. ~LLFTGHLK
TFKNPHAKKQDVVVLGSQEGAMHTALTGATEIQMSSGN——. -LLFTGHLK
TFKNPHAKKQDVVVLGSQEGAMHTALTGATEIQMSSGN——. ~LLFTGHLK
TFKNAHAKKQEVVVLGSQEGAMHTALTGATEIQTSGGT—.~SIFAGHLK
TFKNAHAKKQEVVVLGSQEGAMHTALTGATEIQNSGGT——. ~SIFAGHLK
TFKNAHAKKQEVVVLGSQEGAMHTALTGATEIQNSGGT——. -SIFAGHLK
TFKNAHAKKQEVVVLGSQEGAMHTALTGATEIQTSGGT—. ~SIFAGHLK
TFKVPHAKRQDVTVLGSQEGAMHSALAGATEVDSGDGN——. ~HMFAGHLK
TFKVPHAKRQDVTVLGSQEGAMHSALAGATEVDSGDGN——. ~HMFAGHLK
TFKVPHAKRQDVTVLGSQEGAMHSALAGATEVDSGDGN—. ~HMFAGHLK
TFKVPHAKRQDVTVLGSQEGAMHSALAGATEVDSGDGN——. ~HMFAGHLK
EFEEAHATKQSVVALGSQEGGLHQALAGAIVVEYSSSV—. -KLTSGHLK
EFEEAHATKQSVVALGSQEGSLHQALAGAIVVEYSSSV—. -KLTSGHLK
EFEEAHATKQSVVALGSQEGGLHQALAGAIVVEYSSSV——.-KLTSGHLK
EFEEAHATKQSVVALGSQEGGLHQALAGAIVVEYSSSV——.~KLTSGHLK
EFEEPHATKQSVIALGSQEGALHQALAGAIPVEFSSNT—. VKLTSGHLK
EFEEPHATKQSVVALGSQEGALHQALAGAIPVEFSSNT——. VKLTSGHLK
EFEEPHATKQSVIALGSQEGALHQALAGAIPVEFSSNT—. VKLTSGHLK
EFEEPHATKQSVIALGSQEGALHQALAGAIPVEFSSNT—. VKLTSGHLK
EFEPPHAATIKVLALGNQEGSLKTALTGAMRVTKDTNNSKTYKLHGGHVA
EFEPPHAATIKVLALGNQEGSLKTALTGAMRVTKDTNNSKTYKLHGGHVA
EFEPPHAATIKVLALGNQEGSLKTALTGAMRVTKDTNNSK1YKLHGGHVA
EFEPPHAATIKVLALGNQEGSLKTALTGAMRVTKDTNNSKTYKLHGGHVA
2KKOEKKAKHKHAKKHAIKHAAIKHKHAIKHKHAIKIKHKKKHXHAIAIKXALKXK = XXXXXXXXX
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HMM alignment

Zika_virus_1
Zika_virus_2
Zika_virus_3
Zika_virus_4
Dengue_virus_1_
Dengue_virus_1_.

Dengue_virus_1

Dengue_virus_1_
Dengue_virus_2_
Dengue_virus_2

Dengue_virus_2

Dengue_virus_2_.
Dengue_virus_3_
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

RFAEWNREARWNRS

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

CRLKMDKLRLKGvsys1ctaaftftkvpaetlhgtvtvevqyagtdgpck
CRLKMDKLRLKGvsyslctaaftftkvpaetlhgtvtvevqyagtdgpck
CRLKMDKLRLKGvsyslctaaftftkvpaetlhgtvtvevqyagtdgpck
CRLKMDKLRLKGvsyslctaaftftkvpaetlhgtvtvevqyagtdgpck
CRLKMDKLTLKGmsyvmctgsfklekevaetghgtvlvgikyegtdapck
CRLKMDKLTLKGtsyvmctgsfklekevaetghgtvlvqvkyegtdapck
CRLKMDKLTLKGmsyvmctgsfklekevaetghgtvlvgikyegtdapck
CRLKMDKLTLKGmsyvmctgsfklekevaetghgtvlvgikyegtdapck
CRLRMDKLQLKGmsysmctgkfkvvkeiaetghgtivirvqyegdgspck
CRLRMDKLQLKGmsysmctgkfkivkeiaetghgtivirvqyegdgspck
CRLRMDKLQLKGmsysmctgkfkivkeiaetghgtivirvqyegdgspck
CRLRMDKLQLKGmsysmctgkfkivkeiaetghgtivirvqyegdgspck
CRLKMDKLELKGmsyamcsnafvlkkevsetqhgtilikveykgedapck
CRLKMDKLELKGmsyamclntfvlkkevsetghgtilikveykgedapck
CRLKMDKLELKGmsyamctntfvilkkevsetghgtilikveykgedapck
CRLKMDKLELKGmsyvmcsnafvlkkevsetghgtilikveykgedapck
CKVRMEKLRIKGmsytmcsgkfsidkemaetghgttvvkvkyegagapck
CKVRMEKLRIKGmsytmcsgkfsidkemaetqghgttvvkvkyegagapck
CKVRMEKLRIKGmsytmcsgkfsidkemaetghgttvvkvkyegagapck
CKVRMEKLRIKGmsytmcsgkfsidkemaetghgttvvkvkyegagapck
CRLKMDKLALKGttygmctgkfsfaknpadtghgtvvielsysgsdgpck
CRLKMDKLALKGttygmctekfsfaknpadtghgtvvielsysgsdgpck
CRLKMDKLALKGttygmctekfsfaknpadtghgtvvieltysgsdgpck
CRLKMDKLALKGttygmctekfsfaknpadtghgtvvieltysgsdgpck
CRVKLEKLQLKGttygvcskafkflgtpadtghgtvvlelqytgtdgpck
CRVKMEKLQLKGttygvcskafkfagtpadtghgtvvlelqytgtdgpck
CRVKMEKLQLKGttygvcskafkflgtpadtghgtvvlelqytgtdgpck
CRVKMEKLQLKGttygvcskafkflgtpadtghgtvvlelqytgtdgpck
CRVKLSALTLKGtsykmctdkms fvknptdtghgtavmqvkvpkgapcri
CRVKLSALTLKGtsykmctdkms fvknptdtghgtavmqvkvpkgapcri
CRVKLSALTLKGtsykmctdkms fvknptdtghgtavmqvkvpkgapcri
CRVKLSALTLKGtsykmctdkms fvknptdtghgtavmqvkvpkgapcri
D144, 5.4.0.5.3.9,4,4, & S N AR e PR

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

Flavivirus glycoprotein, central and
dimerisation domains

vpagmavdmqt Ltpvgrlitanpvitestenskmmleldppfgdsyivig
vpaqmavdmqtltpvgrlitanpvitestenskmmleldppfgdsyivig
vpaqmavdmqtltpvgrlitanpvitestenskmmleldppfgdsyivig
vpagmavdmqtltpvgrlitanpvitestenskmmleldppfgdsyivig
ipfstqdekgvtgngrlitanpivtdkekpvnieaeppfgesyivigage
ipfstqdekgvtqngrlitanpivtdkekpvnieteppfgesyivvgage
ipfstqdekgvtqngrlitanpivtdkekpvnieaeppfgesyivigage
ipfstqdekgvtgngrlitanpivtdkekpvnieaeppfgesyivigage
ipfeimdlekryvlgrlitvnpivtekdspvnieaeppfgdsyiiigvep
ipfeitdlekrhvlgrlitvnpivtekdspvnieaeppfgdsyiiigvep
ipfeitdlekrhvlgrlitvnpivtekdspvnieaeppfgdsyiiigvep
ipfeimdlekrhvlgrlitvnpivtekdspvnieaeppfgdsyiiigvep
ipfstedeqgkahngrlitanpvvtkkeepvnieaeppfgesniiigigd
ipfstedgqgkahngrlitanpvvtkkeepvnieaeppfgesnivigigd
ipfstedgqgkahngrlitanpvvtkkeepvnieaeppfgesnivigigd
ipfstedgqgkahngrlitanpvvtkkeepvnieaeppfgesniiigigd
vpieirdvnkekvvgrvisatplaentnsvtnieleppfgdsyivigvgn
vpieirdvnkekvigrvissiplaentnsvtnieleppfgdsyivigvgn
ipieirdvnkekvvgriisstpfaentnsvtnieleppfgdsyivigvgd
ipieirdvnkekvvgriisstpfaentnsvtnieleppfgdsyivigvgd
ipivsvaslndmtpvgrlvtvnpfvatssanskvlvemeppfg.......
ipivsvaslndmtpvgrlvtvnpfvatssanskvivemeppfgdsyivvg
ipivsvaslndmtpvgrlvtvnpfvatsssnskvlvemeppfgdsyivvg
ipivsvaslndmtpvgrlvtvnpfvatsssnskvlvemeppfgdsyivvg
vpissvasindltpvgrlvtvnpfvsvstanakvlieleppfgdsyivvg
vpissvaslndltpvgrlvtvnpfvsvatanskvlieleppfgdsyivvg
vpissvaslndltpvgrlvtvnpfvsvatanakvlieleppfgdsyivvg
vpissvaslndltpvgrlvtvnpfvsvatanakvlieleppfgdsyivvg
pvmvaddltaavnkgilvtvnpiastnddevlievnppfgdsyiivgtgd
pvmvaddltaavnkgilvtvnpiastnddevlievnppfgdsyiivgtgd
pvmvaddltaavnkgilvtvnpiastnddevlievnppfgdsyiivgtgd
pvmvaddltaavnkgilvtvnpiastnddevlievnppfgdsyiivgtgd
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HMM alignment

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_
Yellow_
Yellow_
Yellow_

#=GC RF

fever_virus_1
fever_virus_2
fever_virus_3
fever_virus_4

vgdkkithhwhrsgstigkafeatvrgakrmavigdtawdfgsvggvfns
vgdkkithhwhrsgstigkafeatvrgakrmavlgdtawdfgsvggvfns
vgdkkithhwhrsgstigkafeatvrgakrmavlgdtawdfgsvggvfns
vgdkkithhwhrsgstigkafeatvrgakrmavlgdtawdfgsvggvfns
kalklswfkkgssigkmfeatargarrmailgdtawdfgsiggvftsvgk
kalklswfkkgssigkmfeatargarrmailgdtawdfgsiggvftsvgk
kalklswfkkgssigkmfeatargarrmailgdtawdfgsiggvftsvgk
kalklswfkkgssigkmfeatargarrmailgdtawdfgsiggvftsvgk
gqlklnwfkkgssiggmfettmrgakrmailgdtawdfgslggvftsvgk
gqlklnwfkkgssiggmfettmrgakrmailgdtawdfgslggvftsigk
gqlklnwfkkgssiggmfettmrgakrmailgdtawdfgslggvftsigk
gqlklnwfkkgssiggmfettmrgakrmailgdtawdfgslggvftsigk
kalkinwykkgssigkmfeatargarrmailgdtawdfgsvggvinslgk
kalkinwykkgssigkmfeatargarrmailgdtawdfgsvggvinsigk
nalkinwykkgssigkmfeatargarrmailgdtawdfgsvggvinslgk
kalkinwykkgssigkmfeatargarrmailgdtawdfgsvggvinslgk
saltlhwfrkgssigkmfestyrgakrmailgetawdfgsvgglftslgk
saltlhwfrkgssigkmfestyrgakrmailgetawdfgsvgglftsigk
saltlhwfrkgssigkmfestyrgakrmailgetawdfgsvgglftsigk
saltlhwfrkgssigkmfestyrgakrmailgetawdfgsvgglftsigk
rgdkginhhwhkagstlgkafsttlkgaqrlaalgdtawdfgsiggvfns
rgdkginhhwhkagstlgkafsttlkgaqrlaalgdtawdfgsiggvfns
rgdkqinhhwhkagstlgkafsttlkgaqrlaalgdtawdfgsiggvfns
rgeqqinhhwhksgssigkaftttlkgaqrlaalgdtawdfgsvggvfts
rgeqqinhhwhksgssigkaftttlrgaqrlaalgdtawdfgsvggvfas
rgeqqinhhwhksgssigkaftttlkgaqrlaalgdtawdfgsvggvfts
rgeqqinhhwhksgssigkaftttlkgaqrlaalgdtawdfgsvggvfts
srltyqwhkegssigklftqtmkgaerlavmgdaawdfgsaggfftsvgk
srltyqwhkegssigklftqtmkgaerlavmgdaawdfgsaggfftsvgk
srltyqwhkegssigklftqtmkgaerlavmgdaawdfgsaggfftsvgk
srltyqwhkegssigklftqtmkgaerlavmgdaawdfgsaggfftsvgk

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

Flavivirus glycoprotein, central and
dimerisation domains

lgkgihqifgaafks1fggmswfsqiligtllvwlgintkngsisltcla
lgkgihqifgaafks1fggmswfsqiligtllvwlglntkngsisltcla
lgkgihqifgaafks1fggmswfsqiligtllvwlglntkngsisltcla
lgkgihqifgaafks1fggmswfsqiligtllvwlglntkngsisltcla
lvhqifgtaygvifsgvswtmkigigvlltwlglnsrstsismtciavgl
lvhqvfgtaygvifsgvswtmkigigilltwlglnsrstsismtciavgm
lvhqifgtaygv1fsgvswtmkigigvlltwlglnsrstsfsmtciavgl
lvhqifgtaygvlfsgvswtmkigigvlltwlglnsrstslsmtciavgl
alhgvfgaiygaafsgvswtmkiligviitwigmnsrstslsvslvlvgi
alhqvfgaiygaafsgvswtmkiligviitwigmnsrstslsvslvivgv
alhqvfgaiygaafsgvswtmkiligviitwigmnsrstslsvslvivgv
alhgvfgaiygaafsgvswtmkiligviitwigmnsrstslsvslvlvgv
mvhgifgsaytalfsgvswimkigigvlltwiglnskntsmsfscivigi
mvhqifgsaytalfggvswimkigigvlltwiglnskntsmsfscivigi
mvhgifgsaytalfsgvswvmkigigvlltwiglnskntsmsfsciaigi
mvhqifgsaytalfsgvswimkigigvlltwiglnskntsmsfscivigi
avhqvfgsvyttmfggvswmiriligflviwigtnsrntsmamtciavgg
avhqvfgsvyttmfggvswmiriligflviwigtnsrntsmamtciavgg
avhqvfgsvyttmfggvswmvriligflviwigtnsrntsmamtciavgg
avhqvfgsvyttmfggvswmvriligflvilwigtnsrntsmamtciavgg
igkavhqvfggafrtlfggmswitqglmgalllwmgvnardrsialafla
igkavhqufgg.cccccacccacaaaaaanaaaaaaaaaaacaaaaaas
1gkaVhaVTgg. s essnssesssnssnssnnsn s sensnsesss
vgkavhqvfggafrs1fggmswitqgllgalllwmginardrsialtfla
vgkaihqvfggafrs1fggmswitqgllgalllwmginardrsiamtfla
vgkavhqvfggafrs1fggmswitqgllgalllwmginardrsialtfla
vgkavhqvfggafrs1fggmswitqgllgalllwmginardrsialtfla
gihtvfgsafqglfgglswitkvimgvvliwvgintrnmtmsmsmilvgv
gihtvfgsafqglfgglswitkvimgvvliwvgintrnmtmsmsmilvgv
gihtvfgsafqglfgglswitkvimgvvliwvgintrnmtmsmsmilvgv
gihtvfgsafqglfgglswitkvimgvvliwvgintrnmtmsmsmilvgv
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HMM alignment

Zika_virus_1
Zika_virus_2
Zika_virus_3
Zika_virus_4
Dengue_virus_1_
Dengue_virus_1_:
Dengue_virus_1_.
Dengue_virus_1_:
Dengue_virus_2_
Dengue_virus_2_:
Dengue_virus_2
Dengue_virus_2_:
Dengue_virus_3_

Dengue_virus_3_.
Dengue_virus_3_:
Dengue_virus_3_:
Dengue_virus_4_
Dengue_virus_4_:
Dengue_virus_4_.
Dengue_virus_4_:
Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4
West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4
Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

1
2
3
4
1
2
3
4
1

2
3
4
1
2
3
4

lggvmiflstavsa
lggvmiflstavsa
lggvmiflstavsa
lggvmiflstavsa
vtlylgvmvqa...
vtlylgvmvga...
vtlylgvmvqa...
vtlylgvmvqa...
vtlylgvmvga...
vtlylgamvqa...
vtlylgavvga...
vtlylgvmvqa...
itlylgavvga...
itlylgtvvga...
itlylgavvga...
itlylgavvga...
it1flgftvqga...
itlflgftvga...
itlflgftvga...
itlflgftvga...
tggvlvflatnvha
vggvllflsvnvha
vggvllflsvnvha
vggv1llflsvnvha
vggvllflsvnvha
immflslgvga...
immflslgvga...
immflslgvga...
immflslgvga...

Flavivirus glycoprotein, central and
dimerisation domains
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HMM alignment

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

...ircigvsnrdfvegmsggtwvdvvlehggcvtvmaqdkptvdielvt
...ircigvsnrdfvegmsggtwvdvvlehggcvtvmaqdkptvdielvt
...ircigvsnrdfvegmsggtwvdvvlehggcvtvmaqdkptvdielvt
...ircigvsnrdfvegmsggtwvdvvlehggcvtvmaqdkptvdielvt
...mrcvgigsrdfveglsgatwvdvvlehgscvttmakdkptldiellk
...mrcvgignrdfveglsgatwvdvvlehgscvttmaknkptldiellk
...mrcvgigsrdfveglsgatwvdvvlehgscvttmakdkptldiellk
...mrcvgigsrdfveglsgatwvdvvlehgscvttmaknkptldiellk
...mrcigisnrdfvegvsggswvdivlehgscvttmaknkptldfelik
...mrcigisnrdfvegvsggswvdivlehgscvttmaknkptldfelik
...mrcigisnrdfvegvsggswvdivlehgscvttmaknkptldfelik
...mrcigisnrdfvegvsggswvdivlehgscvttmaknkptldfelik
.+« . .mrcvgvgnrdfveglsgatwvdvvlehggcvttmaknkptldiel
.. ...mrcvgvgnrdfveglsgatwvdvvlehggcvttmaknkptidiel
...... rcvgvgnrdfveglsgatwvdvvlehggcvttmaknkptidiel
..« . .mrcvgvgnrdfveglsgatwvdvvlehggcvttmaknkptldiel
.. .mrcvgvgnrdfvegvsggawvdlvlehggcvttmaqgkpt ldfeltk
. ..mrcvgvgnrdfvegvsggawvdlvlehggecvttmaqgrptldfeltk
. ..mrcvgvgnrdfvegvsggawvdlvlehggevttmaqgkptldfeltk
...mrcvgvgnrdfvegvsggawvdlvlehggcvttmaqgkptldfeltk
. fnclgmgnrdfiegasgatwvdlvlegdscltimandkptldvrminie
..nclgmgnrdfiegasgatwvdlvlegdscltimandkptldvrminie
sessessssess€gasgatwvdlvlegdscltimandkptldvrminie
sessessssess.€gasgatwvdlvlegdscltilandkptldvrminie
fnclgmsnrdflegvsgatwvdlviegdscvtimskdkptidvkmmnmea
fnclgmsnrdflegvsgatwvdlvlegdscvtimskdkptidvkmmnmea
fnclgmsnrdflegvsgatwvdlvlegdscvtimskdkptidvkmmnmea
fnclgmsnrdflegvsgatwvdlvlegdscvtimskdkptidvkmmnmea
.....ahcigitdrdfiegvhggtwvsatleqdkcvtvmapdkpsldisl
.....ahcigitdrdfiegvhggtwvsatleqdkcvtvmapdkpsldisl
..... ahcigitdrdfiegvhggtwvsatleqdkcvtvmapdkpsldisl
.....ahcigitdrdfiegvhggtwvsatleqdkcvtvmapdkpsldisl

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

Flavivirus glycoprotein,
immunoglobulin-like domain

ttvsnmaevrsycyeasisdmasdsrcptqgeayldkqsdtqyvckrtlv
ttvsnmaevrsycyeasisdmasdsrcptqgeayldkqsdtqyvckrtlv
ttvsnmaevrsycyeasisdmasdsrcptqgeayldkqsdtqyvckrtlv
ttvsnmaevrsycyeasisdmasdsrcptqgeayldkqsdtqyvckrtlv
tevtnpavlrklcieakisntttdsrcptqgeatlveeqdanfvcrrtfyv
tevtnpavlrklcieakisntttdsrcptqgeatlveeqdanfvcrrtfyv
tevtnpailrklcieakisntttdsrcptqgeatlveeqdanfvcrrtfv
tevtnpavlrklcieakisntttdsrcptqgeatlveeqdanfvcrrtfyv
teakgpatlrkycieakltntttesrcptqgepslkeeqdkrfvckhsmv
teakgpatlrkycieakltntttesrcptqgepsineeqdkrfickhsmv
teakgpatlrkycieakltntttesrcptqgepsneeqdkrfickhsmv
teakgpatlrkycieakltntttesrcptqgepsineeqdkrfickhsmv
gkteatqlatlrklciegkitnvttdsrcptqgeailpeeqdgnyvckht
gkteatqlatlrklciegkitnittdsrcptqgeailpeeqdgnyvckht
gkteatqlatlirklciegkitnittdsrcptqgeavipeeqdgnyvckht
gkteatqlatlrklciegkitnvttdsrcptqgeailpeeqdgnyvckht
ttakevallrtyciealisnittatrcptqgepylkeeqdqqyicrrdvv
ttakevallrtycieasisnittatrcptqgepylkeeqdqqyicrrdvv
ttakevallrtycieasisnittatrcptqgepylkeeqdqqyicrrdvv
ttakevallrtycieasisnittatrcptqgepylkeeqdqqyicrrgvv
asqlaevrsycyhasvtdistvarcpmtgeahnekradssyvckqgftdr
asqlaevrsycyhasvtdistvarcpttgeahnekradssyvckqgftdr
asqlaevrsycyhasvtdistvarcpttgeahnekradssyvckqgftdr
asqlaevrsycyhasvtdistvarcpttgeahnekradssyvckqgftdr
anlaevrsycylaavsdlstkaacptmgeahndkradpafvcrqgvvdrg
anladvrsycylasvsdlstraacptmgeahnekradpafvckqgvvdrg
anlaevrsycylatvsdlstkaacptmgeahndkradpafvcrqgvvdrg
anlaevrsycylatvsdlstkaacptmgeahndkradpafvcrqgvvdrg
etvaidgpaearkvcysavltnvkindkcpstgeahleeenegdnackrt
etvaidgpaearkvcysavltnvkindkcpstgeahleeenegdnackrt
etvaidgpaearkvcysavltnvkindkcpstgeahleeenegdnackrt
etvaidgpaearkvcysavltnvkindkcpstgeahleeenegdnackrt
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Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

drgwgngcglfgkgs lvtcakftcskkmtgksigpenleyrimlsvhgsq
drgwgngcglfgkgs lvtcakftcskkmtgksigpenleyrimlsvhgsq
drgwgngcglfgkgs lvtcakftcskkmtgksigpenleyrimlsvhgsq
drgwgngcglfgkgs lvtcakftcskkmtgksigpenleyrimlsvhgsq
drgwgngcglfgkgslitcakfkcvtklegkivqyenlkysvivtvhtgd
drgwgngcglfgkgsl1tcakfkevtklegkivgyenlkysvivtvhtgd
drgwgngcglfgkgs litcakfkcvtklegkivqyenlkysvivtvhtgd
drgwgngcglfgkgs litcakfkcvtklegkivqyenlkysvivtvhtgd
drgwgngcglfgkggivtcamftckknmegkivgpenleytivvtphsge
drgwgngcglfgkggivtcamftckknmegkvvgpenleytivitphsge
drgwgngcglfgkggivtcamftckknmegkvvgpenleytivitphsge
drgwgngcglfgkggivtcamftckknmegkvvipenleytivitphsge
yvdrgwgngcglfgkgs lvtcakfqcleliegkvvghenlkytviitvht
yvdrgwgngcglfgkgs lvtcakfqclesiegkvvghenlkytvtitvht
yvdrgwgngcglfgkgs lvtcakfqclepiegkvvgyenlkytviitvht
yvdrgwgngcglfgkgs lvtcakfqclesiegkvvghenlkytviitvht
drgwgngcglfgkggvvtcakfscsgkitgnlvgienleytvvvtvhngd
drgwgngcglfgkggvvtcakfscsgkitgnlvgienleytvvvtvhngd
drgwgngcglfgkggvvtcakflclgkitgnlvgienleytvvvtvhngd
drgwgngcglfgkggvvtcakflcsgkitgnlvqienleytvvvtvhngd
gwgngcglfgkgsidtcakfsctskaigrtigpenikyevgifvhgttts
gwgngcglfgkgsidtcakfsctskaigrtiqpenikyevgifvhgttts
gwgngcglfgkgsidtcakfsctskaigrmigpenikyevgifvhgttts
gwgngcglfgkgsidtcakfsctskaigrmigpenikyevgifvhgttts
wgngcglfgkgsidtcakfacstnatgrtilkenikyevaifvhgpttve
wgngcglfgkgsidtcakfacttkatgwiigkenikyevaifvhgpttve
wgngcglfgkgsidtcakfacstkaigrtilkenikyevaifvhgpttve
wgngcglfgkgsidtcakfacstkaigrtilkenikyevaifvhgpttve
ysdrgwgngcglfgkgsivacakftcaksmsfevdqtkiqyviraqlhv
ysdrgwgngcglfgkgsivacakftcaksms1fevdqtkiqyviraqlhv
ysdrgwgngcglfgkgsivacakftcaksms1fevdqtkiqyviraqlhv
ysdrgwgngcglfgkgsivacakfacaksmslfevdqtkiqyviraqlhv

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

Flavivirus glycoprotein,
immunoglobulin-like domain

1tmnnkhwlvhkewfhdiplpwhagadtgtphwnnkealvefkdahakrq
1tmnnkhwlvhkewfhdiplpwhagadtgtphwnnkealvefkdahakrq
1tmnnkhwlvhkewfhdip lpwhagadtgtphwnnkealvefkdahakrq
1tmnnkhwlvhkewfhdiplpwhagadtgtphwnnkealvefkdahakrq
1ltmkekswlvhkqwfldlplpwtsgastsqetwnrqdllvtfktahakk
1ltmkekswlvhkqwfldplpwtsgastsqetwnrqdllvtfktahakk
1ltmkekswlvhkqwfld1plpwtsgastsqetwnrqdllvtfktahakk
1ltmkekswlvhkqwfldlplpwtsgastsqetwnrqdllvtfktahakk
1lgmenkawlvhrqwfldlplpwlpgadkgesnwigket lvtfknphakk
1lgmedkawlvhrqwfld1plpwlpgadtqgsnwigket vt fknphakk
1lgmedkawlvhrqwfld1plpwlpgadtqgsnwigketlvt fknphakk
1lgmedkawlvhrqwfldlplpwlpgadtqgsnwigket lvtfknphakk
1ltmknkawmvhrqwffdlplpwtsgattetptwnkkellvtfknahakk
1ltmknkawmvhrqwffdlplpwtsgattetptwnrkellvtfknahakk
1ltmknkawmvhkqwffdlplpwtsgattetptwnrkellvtfknahakk
1ltmknkawmvhrqwffdlplpwtsgattetptwnkkellvtfknahakk
Imkmkkktwlvhkqwf ld1plpwttgadtsevhwnykermvtfkvphakr
Imkmnkktwlvhkqwf ld1plpwtagadtsevhwnnkermvtfkvphakr
Imkmkkktwlvhkqwfldlplpwtagadtsevhwnykermvtfkvphakr
Imkmkkktwlvhkqwf ldlplpwtagadtsevhwnykermvtfkvphakr
afyvmtvgsksflvhrewfhdlalpwtppsstawrnrellmefeeahatk
afyvmtvgsksflvhrewfhdlalpwtspsstawrnrellmefeeahatk
afyvmtvgsksflvhrewfhdlslpwtspsstawrnrellmefeeahatk
afyvmtvgsksflvhrewfhdlslpwtspsstawrnrellmefeeahatk
yyvmtvgtktflvhrewfmdlnlpwssagstvwrnretlmefeephatkq
yyvmsvgaksflvhrewfmdlnlpwssagsttwrnretimefeephatkq
yyvmtvgtktflvhrewfmdlnlpwssagstvwrnretimefeephatkq
yyvmtvgtktflvhrewfmdlnlpwssagstvwrnretimefeephatkq
aemekeswivdkqwaqdltlpwgsgsggvwremhhlvefepphaatikvl
aemekeswivdkqwaqdlt1pwgsgsggvwremhhlvefepphaatikvl
aemekeswivdkqwaqdlt lpwgsgsggvwremhhlvefepphaatikvl
aemekeswivdkqwaqdltlpwgsgsggvwremhhlvefepphaatikvl
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Zika_virus_1
Zika_virus_2
Zika_virus_3
Zika_virus_4
Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_.
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

tvvvlgsqegavhtalagaleaemdgakgrlfsghlkcrlkmdklrlkgv
tvvvlgsqegavhtalagaleaemdgakgrlfsghlkcrlkmdklrlkgv
tvvvlgsqegavhtalagaleaemdgakgrlfsghlkcrlkmdklrlkgv
tvvvlgsqegavhtalagaleaemdgakgrifsghlkcrlkmdklrlkgv
gevvvlgsgegamhtaltgateiqtsgtttifaghlkcrlkmdkltlkgm
gevvvlgsqegamhtaltgateiqtsgtttifaghlkcrlkmdkltlkgt
gevvvlgsqegamhtaltgateiqtsgtttifaghlkcrlkmdkltlkgm
gevvvlgsqegamhtaltgateiqtsgtttifaghlkcrlkmdkltlkgm
qdvvvlgsqegamhtaltgateigmssgnllftghlkcrlirmdklqlkgm
qdvvvlgsqegamhtaltgateigmssgnllftghlkcrirmdklqlkgm
qdvvvlgsqegamhtaltgateigmssgnllftghlkcrirmdklqlkgm
qdvvvlgsqegamhtaltgateigmssgnllftghlkcrirmdklqlkgm
gevvvlgsqegamhtaltgateiqtsggtsifaghlkcrlkmdklelkgm
gevvvlgsqegamhtaltgateiqnsggtsifaghlkcrlkmdklelkgm
gevvvlgsgegamhtaltgateiqnsggtsifaghlkcrilkmdklelkgm
gevvvlgsqegamhtaltgateiqtsggtsifaghlkcrlkmdklelkgm
qdvtvlgsqegamhsalagatevdsgdgnhmfaghlkckvrmeklrikgm
qdvtvlgsqegamhsalagatevdsgdgnhmfaghlkckvrmeklrikgm
qdvtvlgsqegamhsalagatevdsgdgnhmfaghlkckvrmeklrikgm
qdvtvlgsqegamhsalagatevdsgdgnhmfaghlkckvrmeklrikgm
gsvvalgsqegglhgalagaivveysssvkltsghlkcrlkmdklalkgt
gqsvvalgsqegslhgalagaivveysssvkltsghlkcrlkmdklalkgt
gsvvalgsqegglhgalagaivveysssvkltsghlkcrlkmdklalkgt
gsvvalgsqegglhgalagaivveysssvkltsghlkcrlkmdklalkgt
svialgsqegalhqalagaipvefssntvkltsghlkcrvkleklqlkgt
svvalgsqegalhqalagaipvefssntvkltsghlkcrvkmeklqlkgt
svialgsqegalhqalagaipvefssntvkltsghlkcrvkmeklqlkgt
svialgsqegalhqalagaipvefssntvkltsghlkcrvkmeklqlkgt
algngegslktaltgamrvtkdtnnsklyklhgghvacrvklsaltlkgt
algngegslktaltgamrvtkdtnnsklyklhgghvacrvklsaltlkgt
algnqgegslktaltgamrvtkdtnnsklyklhgghvacrvklsaltlkgt
algngegslktaltgamrvtkdtnnsklyklhgghvacrvklsaltlkgt

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

Flavivirus glycoprotein,
immunoglobulin-like domain

SYSLCTA-AFTFTKVPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQTL
SYSLCTA-AFTFTKVPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQTL
SYSLCTA-AFTFTKVPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQTL
SYSLCTA-AFTFTKVPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMQTL
SYVMCTG-SFKLEKEVAETQHGTVLVQIKYEGTDAPCKIPFSTQD-EKGV
SYWMCTG-SFKLEKEVAETQHGTVLVQVKYEGTDAPCKIPFSTQD-EKGV
SYVMCTG-SFKLEKEVAETQHGTVLVQIKYEGTDAPCKIPFSTQD-EKGV
SYVMCTG-SFKLEKEVAETQHGTVLVQIKYEGTDAPCKIPFSTQD-EKGV
SYSMCTG-KFKVVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMD-LEKR
SYSMCTG-KFKIVKEIAETQHGTIVIRVQYEGDGSPCKIPFEITD-LEKR
SYSMCTG-KFKIVKEIAETQHGTIVIRVQYEGDGSPCKIPFEITD-LEKR
SYSMCTG-KFKIVKEIAETQHGTIVIRVQYEGDGSPCKIPFEIMD-LEKR
SYAMCSN-AFVLKKEVSETQHGTILIKVEYKGEDAPCKIPFSTED-EQGK
SYAMCLN-TFVLKKEVSETQHGTILIKVEYKGEDAPCKIPFSTED-GQGK
SYAMCTN-TFVLKKEVSETQHGTILIKVEYKGEDAPCKIPFSTED-GQGK
SYVMCSN-AFVLKKEVSETQHGTILIKVEYKGEDAPCKIPFSTED-GQGK
SYTMCSG-KFSIDKEMAETQHGTTVVKVKYEGAGAPCKVPIEIRD-VNKE
SYTMCSG-KFSIDKEMAETQHGTTVVKVKYEGAGAPCKVPIEIRD-VNKE
SYTMCSG-KFSIDKEMAETQHGTTVVKVKYEGAGAPCKIPIEIRD-VNKE
SYTMCSG-KFSIDKEMAETQHGTTVVKVKYEGAGAPCKIPIEIRD-VNKE
TYGMCTG-KFSFAKNPADTGHGTVVIELSYSGSDGPCKIPIVSVASLNDM
TYGMCTE-KFSFAKNPADTGHGTVVIELSYSGSDGPCKIPIVSVASLNDM
TYGMCTE-KFSFAKNPADTGHGTVVIELTYSGSDGPCKIPIVSVASLNDM
TYGMCTE-KFSFAKNPADTGHGTVVIELTYSGSDGPCKIPIVSVASLNDM
TYGVCSK-AFKFLGTPADTGHGTVVLELQYTGTDGPCKVPISSVASLNDL
TYGVCSK-AFKFAGTPADTGHGTVVLELQYTGTDGPCKVPISSVASLNDL
TYGVCSK-AFKFLGTPADTGHGTVVLELQYTGTDGPCKVPISSVASLNDL
TYGVCSK-AFKFLGTPADTGHGTVVLELQYTGTDGPCKVPISSVASLNDL
SYKMCTD-KMSFVKNPTDTGHGTAVMQVKVP-KGAPCRIPVMVADDLTAA
SYKMCTD-KMSFVKNPTDTGHGTAVMQVKVP-KGAPCRIPVMVADDLTAA
SYKMCTD-KMSFVKNPTDTGHGTAVMQVKVP-KGAPCRIPVMVADDLTAA
SYKMCTD-KMSFVKNPTDTGHGTAVMQVKVP-KGAPCRIPVMVADDLTAA
HHKHKHAKHIICHIXHIICCIHHICIIIXXHXAXAXXXXXX
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Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1

Yellow_
Yellow_
Yellow_

#=GC RF

fever_virus_2
fever_virus_3
fever_virus_4

TPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHR
TPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHR
TPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHR
TPVGRLITANPVITESTENSKMMLELDPPFGDSYIVIGVGDKKITHHWHR
TQNGRLITANPIVTDK—EKPVNIEAEPPFGESYIVIGAGEKALKLSWFK
TQNGRLITANPIVTDK-—EKPVNIETEPPFGESYIVVGAGEKALKLSWFK
TQNGRLITANPIVTDK—EKPYNIEAEPPFGESYIVIGAGEKALKLSWFK
TQNGRLITANPIVTDK—EKPVNIEAEPPFGESYIVIGAGEKALKLSWFK
YVLGRLITWNPIVTEK-—DSPVNIEAEPPFGDSYIIIGVEPGQLKLNWFK
HVLGRLITVNPIVTEK—DSPVNIEAEPPFGDSYIIIGVEPGQLKLNWFK
HVLGRLITWNPIVTEK——DSPVNIEAEPPFGDSYIIIGVEPGQLKLNWFK
HVLGRLITVNPIVTEK—DSPVNIEAEPPFGDSYIIIGVEPGQLKLNWFK
AHNGRLITANPVVTKK-—EEPVNIEAEPPFGESNIIIGIGDKALKINWYK
AHNGRLITANPVVTKK-—EEPVNIEAEPPFGESNIVIGIGDKALKINWYK
AHNGRLITANPVVTKK-—EEPVNIEAEPPFGESNIVIGIGDNALKINWYK
AHNGRLITANPVVTKK—EEPVNIEAEPPFGESNIIIGIGDKALKINWYK
KVVGRVISATPLAENT—NSVTNIELEPPFGDSYIVIGVGNSALTLHWFR
KVIGRVISSIPLAENT—NSVTNIELEPPFGDSYIVIGVGNSALTLHWFR
KVVGRIISSTPFAENT—NSVINIELEPPFGDSYIVIGVGDSALTLHWFR
KVVGRIISSTPFAENT—NSVTNIELEPPFGDSYIVIGVGDSALTLHWFR
TPVGRLVTVNPFVATSSANSKVLVEMEPPF G-
TPVGRLVTVNPFVATSSANSKVLVEMEPPFGDSYIVVGRGDKQINHHWHK
TPVGRLVTVNPFVATSSSNSKVLVEMEPPFGDSYIVVGRGDKQINHHWHK
TPVGRLVTVNPFVATSSSNSKVLVEMEPPFGDSYIVVGRGDKQINHHWHK
TPVGRLVTVNPFVSVSTANAKVLIELEPPFGDSYIVVGRGEQQINHHWHK
TPVGRLVTVNPFVSVATANSKVLIELEPPFGDSYIVVGRGEQQINHHWHK
TPVGRLVTVNPFVSVATANAKVLIELEPPFGDSYIVVGRGEQQINHHWHK
TPVGRLVTVNPFVSVATANAKVLIELEPPFGDSYIVVGRGEQQINHHWHK
VNKGILVTVNPIASTN—DDEVLIEVNPPFGDSYIIVGTGDSRLTYQWHK
VNKGILVTVNPIASTN--DDEVLIEVNPPFGDSYIIVGTGDSRLTYQWHK
VNKGILVTVNPIASTN—DDEVLIEVNPPFGDSYIIVGTGDSRLTYQWHK
VNKGILVTVNPIASTN-—DDEVLIEVNPPFGDSYIIVGTGDSRLTYQWHK
XXXXXXXHXXXXXXXXXHXHXXKXXXXXXHXHXXKXXXXXKX XXX XXXXXXXXXX

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

Flavivirus glycoprotein,
immunoglobulin-like domain

sgstigkafeatvrgakrmavlgdtawdfgsvggvfnslgkgihqifgaa
sgstigkafeatvrgakrmavlgdtawdfgsvggvfnslgkgihqifgaa
sgstigkafeatvrgakrmavlgdtawdfgsvggvfnslgkgihqifgaa
sgstigkafeatvrgakrmavlgdtawdfgsvggvfnslgkgihqifgaa
kgssigkmfeatargarrmailgdtawdfgsiggvftsvgklvhgifgta
kgssigkmfeatargarrmailgdtawdfgsiggvftsvgklvhqvfgta
kgssigkmfeatargarrmailgdtawdfgsiggvftsvgklvhqifgta
kgssigkmfeatargarrmailgdtawdfgsiggvftsvgklvhgifgta
kgssiggmfettmrgakrmailgdtawdfgslggvftsvgkalhqvfgai
kgssiggmfettmrgakrmailgdtawdfgslggvftsigkalhqvfgai
kgssiggmfettmrgakrmailgdtawdfgslggvftsigkalhqvfgai
kgssiggmfettmrgakrmailgdtawdfgslggvftsigkalhqvfgai
kgssigkmfeatargarrmailgdtawdfgsvggvinslgkmvhgqifgsa
kgssigkmfeatargarrmailgdtawdfgsvggvinslgkmvhqifgsa
kgssigkmfeatargarrmailgdtawdfgsvggvinslgkmvhqifgsa
kgssigkmfeatargarrmailgdtawdfgsvggvinslgkmvhgifgsa
kgssigkmfestyrgakrmailgetawdfgsvgglftslgkavhqvfgsv
kgssigkmfestyrgakrmailgetawdfgsvgglftslgkavhqvfgsv
kgssigkmfestyrgakrmailgetawdfgsvgglftslgkavhqvfgsv
kgssigkmfestyrgakrmailgetawdfgsvgglftslgkavhqvfgsv
agstlgkafsttlkgaqrlaalgdtawdfgsiggvfnsigkavhqvfgga
agstlgkafsttlkgaqrlaalgdtawdfgsiggvfnsigkavhqvfgg.
agstlgkafsttlkgaqrlaalgdtawdfgsiggvfnsigkavhqvfgg.
sgssigkaftttlkgaqrlaalgdtawdfgsvggvftsvgkavhqvfgga
sgssigkaftttlrgaqrlaalgdtawdfgsvggvfasvgkaihqvfgga
sgssigkaftttlkgaqrlaalgdtawdfgsvggvftsvgkavhqvfgga
sgssigkaftttlkgaqrlaalgdtawdfgsvggvftsvgkavhqvfgga
egssigklftqtmkgaerlavmgdaawdfgsaggfftsvgkgihtvfgsa
egssigklftqtmkgaerlavmgdaawdfgsaggfftsvgkgihtvfgsa
egssigklftqtmkgaerlavmgdaawdfgsaggfftsvgkgihtvfgsa
egssigklftqtmkgaerlavmgdaawdfgsaggfftsvgkgihtvfgsa
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HMM alignment

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF

fks1fggmswfsqiligtllvwlglntkngsisltclalggvmiflstav
fks1fggmswfsqiligt1llvwlglntkngsisltclalggvmiflstav
fks1fggmswfsqiligtllvwlglntkngsisltclalggvmiflstav
fks1fggmswfsqiligtllvwlgintkngsisltclalggvmiflstav
ygv1fsgvswtmkigigvlltwlglnsrstsismtciavglvtlylgvmv
ygv1fsgvswtmkigigilltwlglnsrstsismtciavgmvtlylgvmv
ygv1fsgvswtmkigigvlltwlglnsrstsfsmtciavglvtlylgvmv
ygv1fsgvswtmkigigvlltwlglnsrstsismtciavglvtlylgvmv
ygaafsgvswtmkiligviitwigmnsrstslsvslvlvgivtlylgvmv
ygaafsgvswtmkiligviitwigmnsrstslsvslvlvgvvtlylgamv
ygaafsgvswtmkiligviitwigmnsrstslsvslvlvgvvtlylgavv
ygaafsgvswtmkiligviitwigmnsrstslsvslvlvgvvtlylgvmv
ytalfsgvswimkigigvlltwiglnskntsmsfscivigiitlylgavv
ytalfggvswimkigigvlltwiglnskntsmsfscivigiitlylgtvv
ytalfsgvswvmkigigvlltwiglnskntsmsfsciaigiitlylgavv
ytalfsgvswimkigigvlltwiglnskntsmsfscivigiitlylgavv
yttmfggvswmiriligflviwigtnsrntsmamtciavggit1flgftv
yttmfggvswmiriligflviwigtnsrntsmamtciavggit1flgftv
yttmfggvswmvriligflviwigtnsrntsmamtciavggit1flgftv
yttmfggvswmvriligflviwigtnsrntsmamtciavggit1flgftv
frtlfggmswitqglmgalllwmgvnardrsialaflatggvivflatnv
frslfggmswitqgllgalllwmginardrsialtflavggvllflsvnv
frslfggmswitqgllgalllwmginardrsiamtflavggvllflsvnv
frslfggmswitqgllgalllwmginardrsialtflavggvllflsvnv
frs1fggmswitqgllgalllwmginardrsialtflavggvilflsvnv
fqglfgglswitkvimgvvliwvgintrnmtmsmsmilvgvimmflslgv
fqglfgglswitkvimgvvliwvgintrnmtmsmsmilvgvimmflslgv
fqglfgglswitkvimgvvliwvgintrnmtmsmsmilvgvimmflslgv
fqglfgglswitkvimgvvliwvgintrnmtmsmsmilvgvimmflslgv

Zika_virus_1

Zika_virus_2

Zika_virus_3

Zika_virus_4

Dengue_virus_1_1
Dengue_virus_1_2
Dengue_virus_1_3
Dengue_virus_1_4
Dengue_virus_2_1
Dengue_virus_2_2
Dengue_virus_2_3
Dengue_virus_2_4
Dengue_virus_3_1
Dengue_virus_3_2
Dengue_virus_3_3
Dengue_virus_3_4
Dengue_virus_4_1
Dengue_virus_4_2
Dengue_virus_4_3
Dengue_virus_4_4

Japanese_encephalitis_virus_1
Japanese_encephalitis_virus_2
Japanese_encephalitis_virus_3
Japanese_encephalitis_virus_4

West_Nile_virus_1
West_Nile_virus_2
West_Nile_virus_3
West_Nile_virus_4

Yellow_fever_virus_1
Yellow_fever_virus_2
Yellow_fever_virus_3
Yellow_fever_virus_4

#=GC RF
1/

sa
sa
sa
sa
qa
qa
qa
qa
qa
qa
qa
qa
qa
qa
qa
qa
qa
qa
qa
qa
ha

ha
ha
ha
ha
ga
ga
ga
ga

Flavivirus glycoprotein,
immunoglobulin-like domain
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Variable Average Conserved

Insufficient data
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Fusion loop
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