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Dengue virus (DENV)

& Family Flaviviridae and genus Flavivirus

@ Genome (11kb) translated into a single polyprotein

(~3390aa)

& Polyprotein cleaved to yield 10 different dengue proteins

& Four genetically distinct serotypes

Dengue genome/proteome: E Whitehead et al., 2007
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Motivations

& Genetic variation and rapid evolution are hallmarks of
RNA viruses

& Variability iIs uneven across the genome

@ RNA viruses are thus marked by protein sites permissive
to multiple mutations and sites evolutionarily robust and
highly conserved

& Identification and characterization of the historical
dynamics of such conserved sites - potential targets for
diagnostic, prophylactic and/or therapeutic purposes



Objectives

@ |dentify protein sequence regions common across the
four serotypes and present in the majority of the sequences
of each serotype (pan-DENV sequences)

& Characterize pan-DENV sequences for their application
as candidate targets for diagnostics, prophylactic and/or
therapeutic purposes



Methodology overview

[ DENV sequence collection and processing

v
Working database

DENV-1 |

DENV-2

DENV-3 |

DENV-4 |

DENV-1 to -4
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In silico analyses

v

Consensus sequence-based identification of pan-DENV sequences

..

Shannon entropy and variant distribution

A

Functional-structural properties

Y

Conservation of the pan-DENV sequences in Flaviviruses

A

Candidate pan-DENV HLA supertype-binding sequences

v

Experimental analysis

v

T-cell determinants in HLA Tg mice

{ Immunogenicity of candidate HLA-restricted, pan-DENV J

Khan et al., 2008, PLoS NTDS, 2 (8), e272

Khan et al., 2006, Cell Immunol. 244(2):141-147




More than 12,000 DENV protein sequences analyzed

DENV1 DENV?2 DENV3 DENV4  DENV1-4

Protein
(#) (#) (#) (#) (#)
C 298 311 547 122 1278
prM 311 404 590 225 1530
E 1051 1518 910 366 3845
NS1 565 752 308 159 1784
NS2a 238 173 169 125 705
NS2b 224 163 183 44 614
NS3 186 178 297 34 695
NS4a 178 162 151 32 523
NS4b 176 163 150 113 602
NS5 179 187 267 195 828

TOTAL 3406 4011 3572 1415 12404




44 pan-DENV sequences identified
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44 pan-DENV sequences identified

DENV Qize Pan-DENV sequences?
profen (aa) No. Sizeb % of protein®
2 113-115 0 0 0
prM 166 0 0 0
E 493-495 2 Z5 5
NS1 352 7 74 21
NS2a 218 0 0 0
NS2Zb 130 0 0 0
NS3 618-619 12 122 20
NS4a 150 1 9 6
NS4b 245-249 5 69 28
NS5 900-904 17 215 24

Total 3387-33908 44 514 15




Entropy used to measure of the diversity of DENV
and predicted evolutionary stability of the pan-DENV

& Entropy H
H (x) =

@ p(i,x) Is
position X

@ Entropy i,
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Pan-DENV sequences are localized in evolutionarily
stable low peptide entropy regions
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27 pan-DENV sequences shared by as
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Each of the 27 pan-DENV sequences was
shared by at least one and as many as 57

Flaviviruses
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27 pan-DENV sequences shared by other
Flaviviruses exhibited low to high % representation

2 EN.T“ Pan-DENV sequence® SPEC;ES
protein =)
E oY DRGWGENGCGLFGEGy;; 19
MEl RELECGSGIF;, 2
2w BGPSLRTT T 3
12 GEDGCWY GMEIR P:2- 10
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Pan-DENV sequences are relevant for structure and

function

iﬁi; Pan-DENV sequence® Functional domains and motifs® Putative post-transcriptional modifications®
E o VDR GWGENGCGLFGE Gy Dimensation Domain, Fusion Peptide N-Mynstoyvlation
2153 VLGRQEGAMH4; Dimerization Domain =
NE1 12ELECGEGIFyy s N-Myristoylation
3 WHTWTEQYEFQ: s CEII
20a RGPELETT T3y = FEC
225 GEDGCWY GMEIRP: 27 s N-Myristoylation
NE3 s FHTMWHVTEGss Peptidase 87 s
122 GLY GNGW VT 54 e N-Mynstoylation
12 LTIMDLHPG 27 s CEII
2354 EIVDLMCHATF To57 DEADH Domain s
20sMDEAHFTDPagy DEADH Domain s
205 AARGYISTE Vg5 Microbodies C-Temmninal Targeting Signal FEC
11z IFMTATPPG: o DEATVH Domain =
137 GETVWEVPSIE: 57 s PEC
203 VIQLERETFD:er s PEC
;37 LMEERGDLPVWL: 40 Cell Attachment =
N3d4a  125QRTPODMNOQL s s CEII
MNE4b 211: FWNTTIAV S0 = N-Glycosylation
13 ANIFRGEYT AGAGL 525 s N-Myrstoylation
N85 sGETLGEEWE 4 s CEII
7sDLGCGRGGWSEY Yoy FtzJ-like Methyltransferase Domain N-Mynstoylation
20e PLSEMNSTHEM Y Waag e N-Glycosylation, CKII
25 CVYNMMGEREEET GEF Gass s Amidation
5058GVEGEGLH: : s CEII
s DR GEGOVGTY GLNTFTINIME 514 EdFp Catalytic Domain N-Mynstoylation, CEII
53 EMATISGDDCVVER 7 EdFp Catalytic Domam CEII
100 FTERTTWSIH AR s FEC




Pan-DENV sequences overlap T-cell epitopes
Immunogenic in HLA transgenic mice

Ag-zpacific CD4 T-cell rszpomeas®
DEMW

Pan-DEMV zaguencs®

peotsin Paptida zoquencs: [FH-1-SFC/10¢ splenocytas = SDF
o DRz DR DR @& 30 ELISpot positive
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NS5 55 TWAYHGSYE,,, DENPYETWAYHGSYEVK 126= 10* - 145
TWAYHGSYEVEATGSA 161 =20* - 63 =17
242 AMTDTTPFGQQRVFEEEVDTRT;:; MVTQMAMTDTTPFGOOR - - 28 = 0
450 CVYNMMGEREKKLGEF Gy GSCVYNMMGKREEKLGE - - 13=2
s SGVEGEGLH;,; NS YSGVEGEGLHKLGYI - - 184 = 13
£3: YADDTAGWDTRIT:,; KIPGGAMYADDTAGWDT - - 46+ 3
s FELTYOQNEVV;-, ANAFEI TYQNEVVEVQ 577=384 - 24 = o
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SRTTWSHAHHQWMTTE - - 122 = 46



Pan-DENV sequences overlap reported DENV
T-cell epitopes immunogenic in human

DENV Immunogenic T-cell determinants®
e Pen-DERY sequence® Sequence® Tsubset HLAAg Reference(s) a 15 DENV human T-Ce”
E 152VLGSQEGAMHg, KKQDVVVLGSQEGAM _ ; [76] €p Ito PES 2 10 pan- DENV
NS3 HFHTMWHVTRG TEHTMWHVTRGAVIM  CD4 - [76] sequences
138GLYGNGV VT 5 EVVGLYGNGVVTRSG CD4 DRE*15 [76]
15eLTIMDLHPG 57 ERLTIMDILHPGAGET CD4 = [72]
PELTIMDIHPGSGET CD4 = [72]
PELTIMDLHPGAGET CDh4 = [72]
ENLTIMDILHPGSGET CDh4 = [72]
25 EIVDLMCHATF Tog7 EHTGREIVDLMCHAT CDh4 = [76]
EIVDLMCHATFTMRL CDh4 = [76]
EIVDLMCHAT CDh4 DPw2 [77.78]
204 MDEAHFTDP:¢; LIIMDEAHFTDPASI = - [76]
313 [FMTATPPGs;; AGIFMTATPPGSREDP = = [76]
357 GETVWEVPSIE 47 TVWEVPSIK CDs A*11 [16]
353 VIQLSEKTFD g, EEVIQLSEETFDSEY = - [76]
406V VI TDISEMGANF 415 NDWDFVVTTDISEMG = - [76]
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Summary

@ The pan-DENV sequence have been relatively free of
mutations and are predicted to remain conserved

@ Provides critical data for rational vaccine development,
structure-based design of candidate inhibitory
compounds, and improvement of the current diagnostic
methods

@ A framework for similar analysis of any other virus
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Analysis of variant representation

, Combined %
DENV-3 Nonamer No. of Nonamer Representation . Nonamer
protein position sequences peptides? of peptides representation entropye®
of variants®t
E 14 479 DFVEGLSGA 479 (100%) 0 0
NS2a 176 64 LAGISLLEV 25(39%) 61 2.4
LAGVSLLPV 11 (17%)
LAGVSLLPL 9(14%)
LAVISLLPV 9(14%)
LAGISLLPL 6 (9%)
LAGISLFPV 2(3%)
LAGISLMPV 2(3%)
NS4a 86 68 SIGLICVVA 39 (57%) 43 1.5
SIGLICVIA 19 (28%)
SIGLICVIV 8(13%)
SIGLICVAA 2 (3%)
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Pan-DENV sequences are localized in regions of low
variant representation
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Pan-DENV sequences contained putative
promiscuous binders that overcome human
population HLA diversity

@ NetCTL @ Multipred O ARB @ TEPITOPE
Class | and Il HLA Supertypes
Protein | Position A1 A2 A3 |A24 | A26| B7 | B8 (B27| B39 | B44 | B58 | B62| DR a 34/44 pan DENV
E 97-111 ) ) :
e s 5 5 sequences predicted to
25-35 | @ @ | e @ | @ @ | e .
103204 [ © ol ° ° o|| contain 100 supertype-
229239 [ @ @ o o [e . .
225337 © s restricted T-cell epitopes
NS3 46-55 @ @ o
189-197 [ 1]
256-267 oce @ @ @0 @
296-305 0@ (0]
313-321 [ 1]
357-367 0@ (eCe @ | @ @
SRR e o °1° NetCTL — Larsen et al., 2005
406-418 | @ @ @ @ .
537-547 @0 ® | o] @ | o Multipred — Zhang et al., 2005
NS4a 1265-14374 S - | © 5 ARB — Bui et al., 2005
NSAE 1 aa7 5> o el e S TR Saiee Tepitope — Bian & Hammer, 2004
139-151 @ O @
223-236 @0e| oe @ Q@ @ | @ |00
NS5 6-14 (o]
79-90 @ @ @
141-151 (@) @
209-220 | @ @O| @ @ @ Q@ @
342-363 | @ (oo @ |e0| @ @ @
450-466 | @ @|e0e @ @ (@] [ ]/
468-482 @0 Q@ Q@ Q@ @
531-543 | @ (] @ (]
568-578 Q0e |0 @ @
597-616 | @ ] @ | O ] @ @ @
658-670 eo0e|® © (@]
707-715 O @
765-776 | @ @000 @ @ @ @ |00
790-800 | @ [ @ @
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