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Abstract

In recent years, large scale damages from arbovirus infections by mosquitoes have been reported
worldwide due to factors such as change in global climate, increased overseas travel, and increased
logistics movement between countries. Among them, Zika virus and dengue virus belonging to genus
Flavivirus are representative. In this study, we performed in-depth analyses of the envelope (E) protein
that perform essential functions for host infection of Zika virus and dengue virus based on
bioinformatics databases. The domain analysis of E protein was performed to determine the type,
location, and function, and homology analysis for each domain. From these results, EDIII showing low
homology was identified. The homology and immunogenicity of each peptide constituting EDIll were
analyzed and three—-dimensional structures were modeled. Furthermore, we discussed their biological
meaning and how they could be used.
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1. S7 A

A7} vrol# A(Zika virus)?} @7 vlo]&]2A(dengue
virusye= B5 ZEWuEd I Haviviridae family)
9] 319 Z(genus)?l EvlvtolA A H(Flavivirus
genus)Oll siFok= Hiolg| At EEhuufolz|A o
= olE Qo= & vlo]HA(yellow fever virus), gl
AE U vlo]ZA(West Nile virus), @& ¥ H}o]
#A(Japanese encephalitis virus) 5°] vl Z
A Qleh EHHlol#As B7|(mosquito)H X
Sl (tickt 22 HAAFEC] uirfske HpolzA
(arthropod-borne virus)o]”7] W&o, Aefstzoz
ofgHlo]ZHA(arbovirus)Z &7 ShH1][2].

A =4 | B9 Ferledt ourled A8l
A SOl Eota, SefulHlo|g|Al] HEoR
1%t Q179 Hof= #dglol kst Qick ol=gt
9] £ A0 &= AT 7|F9] HI=E QIgh B
A 2129 g7} tFE Ao}, o] Qo wE T Tt
9= QIFE 9] oPAY F7Rt =7t F EF o159
71 22 AR 891 & 5 T34

53] 35EATY SHoA & 3 AU A7t HE
ojgfAaet w7] HpolEAE FE £R7|(4edes
albopictus)h O1HE 4«2 7|(Aedes aegypt)2 T2
2+ &(Aedes genus) 2715 359 £F(host) =2
ol-85tx Qltk. 20154 Hebde Alzto& A A4 80
Ao 2 oA Ut {3 (outbreaks)S 3 2
Ao AL - AAHRI HiE kA & v Qe A7
Hlo]g A 1947490) 22 B ek £ o 1
o ol 77k A RE DA A0E A
A= F7] HlolgAE 1943490 HzxE BT
[51[6]. o] Hie]HAEC] 2E REEH AHoREH
oF 700] o] Ad A7IA = Hiol#A FAE A
5t7] 913t FHlel2|AA|(antiviral agentt A
Wol7] f1gk aabAel WiAlo] gle Aot 28 &
g2 Aled(Sanofi) AP APEEE  YIERA|of
(Dengvaxia®) #j4lo] QJA|qt, F7]d 8 ¥y =7}
9 shel FjwolA o] WAE AMEEE A} dF
APGAR7E A FTE HIE di4lo] 20199 5 w0l A

£ fu

FDAY] | 5)7hg W=t A3 3AR 848 2A=
Qlof w4l Fof AFE 9-16MY Fad o= Ajlsta
Ao, Fof = ZHAol 71 L(dengue fever) T
g Word ARFEETE $EsE Ado|t}7].

T o2 EAlE A7} Hlolg|Ae} ®7] Hio]HA9] 2
Fog Qg F/4o] A 2= Holth T
7)ol oY, ¥, 1E, S 38 59 3% 340l
Uehtes 208 I8A gick Iy 3] Asid
3%, A7} Hio|HA9] Lol A4 Bl WA
Skl 80| A= de-vh] FFHGuillain-
Barré syndrome) @ A AXJotH T} ¥ o] F7]71 &
A 22 AAot AFEF(microcephaly) 53 22 4l
A AgE e 4 =t shefl, 97] HiolziAg]
BAeole 20%9 =2 AFTES Hole= 37 &8¢
(dengue hemorrhagic fever)ou ®7] £3 3
(dengue shock syndrome)& & 4= QTH5-71.
o] "tolglAEe] 93t AP leEE o] &= QHe= A
AACNA F 259 ¥ o]0 & FAE|H, ofAJo}-EfjE
F A9 27HeE Hol A AAZRCE S=1 itk
[71(8]. wetA] o] Hiolg Ao et Fulol2 A4, uf
Al 2 27] Ak(early diagnosis)S 3t 715F 7]&0]
A5 Atk Aot o]gt A Hlsf Hio]A
of gt olsh7t FE5E A=tol7] wiiZol, HielHAE
TS Qs BHEY SRE HIECR o5y #&
4 7]50 thigk 452l olshE {3t dF=0] AP H
)=}

A7} Hiol#| ALt ®7] Hio|HAs HE F3E9 FX
£ 71 9t} o2 AN AHo R TIPS
oF 40-65 YrlE(nm)9 73S 7ML Qe F
(spherical) @Eit}. F4A= 9 D7 2R
AHpositive-sense single-stranded RNA, (+)ssRNA)
o, oF 11,0007 Wl A7IE F/d=|o] 3,4007H
Q]9 ofm|iibE AB3lol= AOE LA Qlh. o
714 (+)ssRNA Ho]Z|Agh Hlo|g| A9 RAEH| &
e g FAE gERIolHE AE YUt 5
Alo], o] E|lRMAS messenger RNAZR ARE3slo] &
T AIZ ol A el s M(translation)d & A=
Hlo|g A QJufRlt}. o]&& F/doke dEE F 10

28 3%F29] 31 A (structural proteins)¥}
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7559 B2 @A (non-structural proteins)E
R & Utk 2 dedos AE THd
(capsid protein, C), @ & (membrane protein,
M) ¥ 9J1] & (envelope protein, F)o] E3HEH,
H|F R gl o] = vtk Thald 1(NS1), vl ol
4 2A(NS24), ¥l-x & 2B(NS2B), W72 o)
A 3(NS3), H|FZ THA 4A(NS44A), H[F-2 T
4B(NS4B) 9 H|7zx ohlE 5(NS5)7F =gt
(111101.

ojg] HF9 TilE FoANE L o] gt
= 9T ©E(E)2 ZetulHio]H AL FHt v R
AXoh= chiA R L2 A|3Eeke] BAH(attachment)
= &3 Aol 2349 4TS ol AR A
UCH11]. webA <jn] Sl (E)2 Futols a4 i
4 WA TREY TS 9% F83 Bl(targen) 2
2 AR ItH12](13]. 2 2 d 59 X7} Bt
ojH A9} 7] Hjo|HAQ}L ZH2 Eejuldlo]2{ A9 tf
9 BE F oA, on] delF(E)E R o]
59 A9 9 gEAEsH 712Hmechanism)}& 4
517] 918k dA4Eo] Wol $PFHTH11-15]. o] o
A o]u] AE)Q] Fx2F 750l et olsi=rt &
F Eoplon, I A3 AR 12EE 4 = 379
349 TH(domain)T oJ&& E Xl =TSl
o7 FAE0] = AoE IHA YrHlll 7 &
Qlojgt Tl ol B4 7|52 $3517] Slofl 22
LREZ u|etH, A 7oA $8 7] ofm|i
tO & o]Fojx glow 3AY FRE Sk Q= Aol
ol 320l 715Z ¥tk EHQleREE
|
11 MEDI), =¥ MEDID7F o=, EDI-2 &
29l Hio]# A0 A4t 9l pH /el g =
Haizlo] QHYsHE Boll MAIZS] Q1] el (E)Q]
3} 715Z st Ao& 47A Qltt EDIl+=
%3 M2 AlZd} §98Hmembrane fusion)
| Qo] B4ARl 75 Fshs Zo= dBA Slo
W, EDII= &FA29] Alxdo] EA sk 84
(receptor)d] 9lA|(recognition) 716 +Hsr= A

o= A SeH11114]15].
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< 53 A5 (homology) - B (immunogenicity)
4 9 FEAQ] 33 #R9 &S 53 2EHo|
7kssitke ool itk

2 AAES A9 A+E B9 HEHESE DBE
Higog ZapptolgiAg Aot oy TR o
wigof gt a8 45k, FAl(antibody)E ©]
|35 A V& S 98l /83 Wt E(peptide)
£ AEgH uE QITH10l. 28y Ay AT 9je o
AE)e] gt =HQl 242 $ER] A7) wiEel,
HT F/AHL e gu dHAE)] gt HE5HL
oJsfoli= AL AUt

£ d7EcME BEPEES D

ojZjAL} |7] Hio|#A Z¥Zto] gt ThalES F3H
o8 FEASAY fA7 AdE 2T F
(genome) FEoNAY AL EAT =5 U
[16-18]. 0|23t AFE2 A7} Hio|2A & 7] Hfo]
ZA9] ou chlZ(E)o] ek e 2 Trel £4
oL} Tl oA o] EAo] £FP]X] Ighy] uf
o, ol& A T FAAIFEL = 95 FHAE)
gt ASAQ1 olsfoll= AL Ut

mEhi 2 Q7SS BEFESE DBE o83t

Mo
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Htol2i2 Bl w7] utolei Ao ol S A(E)E A5t
£ =Stk 24 BEeR ASH 245
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— =X

T § Yol A HiolgA Ao lo] T4
I F857F FA F7F6kar Sl =HRIQ] EDIIO] o
3] FEelo|E L£Zo|A LR(structure) - 7]5(function)
S - WYY A B 9T, &
S5 24 Z29E2 FYoto] olE0] Wxsk= 9n9
sl w=olstarat gt

1. GO MH

AR O R 20159 olF e A BTt
SIAPE FAl0), AR 22 &3 27|Ql 4t £9
w719 ofsf =l EetHutel2 A%l A7} HiolH
201 7] vlo|HAE APt Z4719] Hlo|HAE T
‘Jote TES EQlshy| o, T A4S %
HEA Q] B2 R DB 59| sfel A4 BEHR
8} AA(Swiss Institute of Bioinformatics, SIB)
oA AFsH= ExPASy(Expert Protein Analysis
System, https://www.expasy.org/)®] ViralZone
(https://viralzone.expasy.org/)< o]}, ESt
H AEARS AFA(The Furopean Bioinformatics
Institute, EMBL-EBI), U]= T 1 Z}-9(Protein
Information Resource, PRI) @ AQA AEAHHSH
AFA(SIB)Y] AHEZE wvigtog 2% Universal
Protein Resource(UniProt, https://www.uniprot.org/)
£ 0|83t o] DBES &85l o HolE=RH
A L7t 22 Hlo|g A0 gt ARE ZFska gl
= AEH(entry)E ARt AED]= UniProt DB
o 5&E°] = IfF HIE uloiH, T2 Tl
olgt UAFHE  Fspecies)oltt FHH  HolA
(genetic variants) 59 =t AZ o2 AEZ/} B
ol &= glck A7} Hiolg Ak NEZ 2 ‘Q32ZEL
ARRer, B7] vlolae AEHzE P29990
A3t

filo fo

2. oiu| THEHEI(E)Q| Ofo|idt ME =l

UniProt ¥ ExPASy ViralZone DBE ©]-85}o] A
7h Blojgj A 9 7] vpo]HAE sk A F

F 9 F2E A} UniProt DBE o804 f5
ks AE AAYE, R wA(universal
protein)oll i3t JEE AF3ict. 7|EH 02 7} QE
2 TS Fdoks opr|ikeAl A HEE AT
™, o5 ¥lEOe & @ BLAST (Basic Local Alignment
Search Tool), @ 27HA] &2 1 oJA9] ths AEzt
o B4S 3t ‘Align’, ® HN H @ygS 93t
‘Retrieve/ID Mapping’, @ £% oAt A F9] A
AL 93t Peptide Search’ 5& 38 4= U= 47}
A A4 7152 Aseh

ExPASy ViralZone DB+ W3] Hlo|HAQ] L
o o] FH 9 7|50 gt gt AlFsh] o
2o, A7} vpolz AL}t 7] Hiol#A fjn] HHA(E)
9] HolgA W AE sk s ol&Frh
UniProt DBE o]&sto] A7} Hiolz{A9] <EZ]
Q327E1 ¥ 7] Hlolf2 qlEE] P29990° 2 HE
77y Qjn] A (E)] thet obr| At AES SRIFT
<o) 9Jn T E(E)S doks ZH49] ofuliil A
ol tfgt HRE ERI5t7] Igo]7] W&o, UniProt
DBoA AlFoh= BokE 7152 ©l&sHA &Sttt A
7h Hholg| A= A 3419709 o]l FoA 2919
FE 79097HK 9] 5007 otH|ieAto 2 FHdE Fiol
ol SAE)LS SRIT = e, B7] violy
2 AA 3391709 ofn|Al FollAf 281¥1KE 775
H7ER]9] 495719] ofw|iAto @ LAE FRo| 9lm)
THAE)AS FRIT 4 U3

3. Qu| HHEHE(E)S 7ok MRl 2XM
A7} vol#| A 9 7] Hio]g A0 ojn] THA(E) &
TIoke EHYE vie S HYET Y EATE (National
Center for Biotechnology Information, NCBI)2]
DBE P02 B4t NCBI DB R4, 844,
o, 32, EFAA(taxonomy) 52 B FEE
9t ofg}, Hlo] @ TRAE(BioProject), +=FPubMed),
YA E(NCBI Website) 52 22 Jgast A+ &
ofel A st FRE A F3lt. o] FoME =
Wy AHE BEAMo §8% NCBIY wd
DB(https://www.ncbi.nlm.nih.gov/protein/)& H}
gog, X7} HolglA @ 7] Hio]g{Ao] Tt
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UniProt AEZHE Jgste] =HQlo] tigt JEE &
A3t} NCBI9] @l DB} UniProt DBY AEZ]
= A= el 7] WiEol, UniProt DBEHE &
S chil Hu = ulgko g NCBIQ| @il DBof
=lo] Qli= dlolElol TATE Z+ Hol2A9] Q]3]
B)ell gt =19 fix]et 7150l tgt E4o] 7}
Stk

o mx AN

4. QU] THHE(E)Q| =HQIE OfD| it AE0]|

A7} vpo]HA W 7] Hio| A9 Qx| TS
got= o8 TFY THe] disfl, =HIEE ofrie
A Aol g3t 54482 E43Tt UniProt DBOA]
el X7} o]z A 9 7] vio]Z| A9 jn] thlg
(E)ll chgt obm|eAl 4 Ee} NCBI @& DBoJlA &
A Qu| chillZ(E)o] gt EH|lS FAdoke obvie
A A JRE o]fo|Zl HlolEE HIF R TAHE
EAH}E 5UAL UniProt DBOIA AlZEE 4714
I 75 39 o]l o AE B4 T3 (multiple
sequence alignment tool) ‘Align'S ©]-&3c}.

5. EDIIE 7-dotk= HEO|EQ| d3d &4
A7} vel# A @ g7] upo]2|A9] o]x Tl
gote =W EDIIE F+dshe Heto]=of
A5/ £42 UniProt DBOIA AlFEe g Al
4 =491 ‘Align'Z ol-83loH, 584 (dentity)=}
A (similarity)S vz AFsAd(homology)S

gt

e o 44

6. EDIIE F+dot= HEO|ES HARY &4
A7} Hiolg|A W §7] vio]2{A9] EDIIE T/doh=
Hefo| =0 i3t WY v= =g 4YE7] ¢
a9 d+A(National Institute of Allergy and
Infectious Diseases, NIAID)ollA #|&3sH= IEDB
(Immune
Resource, https://www.iedb.org/)E ©]-&3s}o] EA
et [EDB= <5, dX(disease), F(antigen), I
AA7g71e BE T 9 ofr| At Ao gt A

Epitope Database and Analysis

Hol B-Al 9 T-A|2of| ot FEEA7] dlS =7

S Al 2 B-Al2o|
A3 Het wo] 7l b
A Z F B-Al2] it A%

it
é
ot
<
au
e
e
pt
ot
>(
J
¢
=)

T A o F= T SN FES

o}.
oz w719, F7F gl 0.02T & FHY #he
k= 3% Fd(antigen) 229 B8 7Hs/do] w2 A

7. EDIIE ~+dotk= HIEWO|E2] 3Xtd +1& 2R

A7} "ol A | |7] vlo]HA9] EDIIE +/35t=
Helo|Ee 1R BEAESKstructural bioinformatics)
DBl ZHA RPBS (Ressource Parisienne en
Bioinformatique Structurale)ol¥] Al85lk= PEP-FOLD
3,58 o]&3dle 3x X E HEPJt. GukFoZ
ofu|leAte] 32+ FRE= 7|eT wie WHT B
%71 wiZoll, 33 27T FARE HERo|E= 75|
AR Ao AEF

. ¢+ Zak ¥ =2

1. QO] HUE(E)Q| OOkttt ME X EHQI0]
Chet de 24

A7} violg A @ g7] vio|gAg FASHE ofH|i
A Qo] tigt AHE UniProt DBOJA HAE = of
2 79| A3} FolA, 4 F<=(annotation score)7t
542l dlolHE 7|uto g gt 4 Aee A 13-
Hel 1 5HA7HA] F SHAR EREed, H-E 5
L Ty 9] o Aol A& o]4o] ofd
AR AEE Bl dd sFolA ASH(Reviewed)
tlolElE ouigitt. &, Tl oA AFH HlolH
£ Hlo|HAE FASRE ofn|Al AF FEO] A
7F e A 9ujeie, ol ARHoE w2 Al
T8 HY 59k THdl B4 Fa 2 A4 B4 E
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o
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T
Jon
i)
A
1%
o
@
]

o] 2|7} Hio]
Fow w7] Hlolz AL P29990E

Hholg A A 3,419709) otv]ieAtom FH oI

—

T Athes A oulRith

W&ol 2715t0] [ 119 Herd viet 2

AE UniProt AEZ ‘Q32ZE1S A%

ARk A7

L A0 Torgglon], o FolH £ A7 A5 B
A Hhael o ghA(R)e 2919E 790M0] A
skl % 500709] obliitom THE AL el
T 4 ik 971 Bl AL F 3,391709) ofuliAt

o2 AN

Ao mefE|glor, ofn] il

(B)2 281H17E 77580 2 A5t F 495719

ofmjiAte 2 FHHE AL 1T 4 ot
E 1. X|7} Hio|HA Y 7| Hio[2{A0 CHSH HE
bojaa | UniProt | Hoj2Ao) 91| cr(E)o)
Entry OtO|Lt i OOt JH
3,419 50071
APt 10 - Q32280 (191-3.419%) (291#1-790%)
A7 3,39174 49574
sojzia | P29990 (19133918 (28191-7754)

chee 9y GUlE(E) Y HHE HFOR, NCBI
Sh DBe] A7} Holeiach @] Blol# 0] dleg)

of

gl

o O

gt 24L&

== T

s elalE Avt X7} HolejAct ©7] HolgjA]

22 4 Holl oln TiR(E)S FAoh: wv
At TojA Y= AHES S

Qn] GelF(E)2 25 [ 1o yehd el 2ol
&3 Alzete] B2k 4 gRto] ZAARl dTZ sl
Ao WobE| 1 Q= EDI, EDI 2 EDIISH 2&
7}7\]4 F52AQ Trla} Hiol# A Ha} 9] “d"ﬂﬁ—-l
A= Stem/Anchor EH|Q1S FEZ 02 71X

%% ZAoE Ueth

EDI/EDI ©]&A|(dimer), ED I3} EDIIE A2
= £9], EDII ¥ Stem/Anchor TH|Qle] X5 X
E|ojoldt A4 OKmature) o3 dHAE)S IS
A= AR EAEQIY 2] =rQle] Yo} gt
t ofu] At 7H-r°ﬂ dsfiAd= [ 2]o] Uesich =
HQl 404 ED I3 EDIIE e AlEsist 4=
AYE, NCBI DB9] THQloflA] ED 13 EDII
/\]'Oloﬂ ‘Region of interest ® HREE THQlo] &
Z% 31t} Region of interest+= EH|Q1O & =T
= FRO|X|9E ofZ71R] oW 7|5 Fok=A B
oAl FEEA] 2 E=HQlE Quigitt. o] EH|gl
A7} Hio]H A 9] 388HFE 401H71A| 9] ofm| Al %
7] vio]H AL 378WEE 391H7A| 9] ofu|lAto
2 T o|gAofA] B 147]9] ofu|ieAto 2 LAH
FEolH, 100.0% 5Ye A AT & AATHE
2]. ‘Region of interest & EREE= o] =r|QlL ED
I3} EDII o]ZA9] F3t Fol YX|517] HEel, &
ghajalolg A & FYsHs Hlo]gAEo0] EDI/ED
I olFAE B 9ol A= thE F 7ol BEH
o9lE dAZ%(hinge)Z |5 + Y& Z=HAoltt
[11].

iilﬂll

> n?ﬂﬁﬂ

s r[r i)

{l‘

h

ED | /ED | 0[2tH|2|

a3 1.

AR Hlo[2{22]

Fx B i HlPE chal
qAn L
c M ﬂ NS1 N2 Ns3 NS NS5
ED | EDII EDII Stem/Anchor
(=mel 1) (=mel 1) (=mel ) | (e Smen)
: > 4158 213 2] el
. > &7 MIES} 22 - SHshs 2
> —>

o3t 2|u| EMEZI0] 001H Ql= BB

Eatu[uiol2Ael X 3 QU] CHHEI(E)Ql LMol 2A
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H 2. 9o chH

Z(E)2 ool ottt X R TIS

2. Qiu| HHE(E)Q =02l

E|QIof OFO| it -
Hloj2iA ool e s 2 5%
ED | /EDIl O 29774 (2921-588)
ED|/EDIl 91z 2= 1474 (388E1-4018 a7 NESLo| 2 U 83 25t Az
X Holaia / = : )| o S
EDII 93 (597¢1-6894) I e
Stem/Anchor 977 (694H-790tH) o} Qm|EHERIoIA
ED | /EDII OfZH| 2957} (282%1-576t)
EDI/EDII & 28 147K (378%-391¢H) S5 MmZetel 2aF 3l gt Mast ®My 209
57| Hjoj2iA ol o
_ Q|| ez
EDII 907H (585-674t1)
Stem/Anchor 977K (6798H-775H) 2} QIR IA

IZ OOttt M0 CH

E e B4
2] EDIIVF o2 =

e A7} volel Aot 9] vlol

Sk g2 $YsHA 50.0%

S =]
s SUY 24

A7} vio|# At Q7] Hio]2A9] oju THA(E)E
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