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Compounds useful as components of immunogenic compo-
sitions for the mduction of an 1mmunogenic response 1n a
subject against viral infection, methods for their use 1 treat-
ment, and processes for their manufacture are provided
herein. The compounds comprise a nucleic acid construct
comprising a sequence which encodes a Zika virus antigen.
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FIG.3A

S ——— VY% e I (0) —
Uganda MEKNPKEETRRIRIVNMLEKRGVARVNPLGGLKRLPAGLLILGHGPIRMVLATILAFLREFTATIK o
Micronesla MEKNPKEFEIRRIRIVNMLKRGVARVSPFGGLKRLPAGLLLGHGPIRMYVILAILAFLRFTATK o0
Natal MEKNPRKKKSGGFRIVNMLEKRGVARVOSPFGGLKRLPAGLLLGHGPIRMVLATILAFLREFTATIK o
Salvador MEKNPKKKSGGFRIVNMLEKRGVARVSPFGGLKRLPAGLLLGHGPIRMVLAILAFLREFTALIRK o0
KUZ00 /777 MEKNPKKKOSGGFRIVNMLKRGVARVSPFGGLKRLPAGLLLGHGPIRMYVILATILAFLRFTATK o0
KU365778 MKNPKKKSGGFRIVNMLKRGVARVSPFCGLKRLPAGLLLGHGPTRMVLATLAFLRFTATK 60
KU3607/779 MEKNPKKKSGGFRIVNMLEKRGVARVOPFGGLKRLPAGLLILGHGPIRMVLATILAFLREFTATIK o0
KU300 /80 MEKNPKKKOGGFRIVNMLKRGVARVSPFGGLKRLPAGLLLGHGPIRMYVILATILAFLRFTATK o0
French MEKNPKRKRKOSGGFRIVNMLKRGVARVSPFGGLRKRLPAGLLILGHGPIRMYVILATILAFLRFTATK o0
oa0 MEKNPKKKSGGFRIVNMLEKRGVARVSPFGGLKRLPAGLLLGHGPIRMVLAILAFLREFTALIRK o0

AR AR A A A AAARARN AT XRAX

KEKKK o » PEFEA AR R R AR AR ATAARTAE e R R A AR A A A AR KT RARRARAR KK

Capsid(C) =———————>»<4¢—prM Signal Sequence

Uganda PSLGLINRWGSVGKKEAME T TKKEFKKDLAAMLRI INARKERKRRGADTSIGIIGLLLTTA 120
Micronesia POLGLINRWGSVGKKEAMETI IKKFKKDLAAMLRI INARKEKKRRGTDTSVGIVGLLLTTA 120
Natal POLGLINRWGSVGKKEAMETI IKKFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA 120
Salvador PSLGLINRWGSVGKKEAME I TKKEFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA 120
KU360 /77 POLGLINRWGSVGKKEAMETI IKKFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA 120
KUZ00 /76 POLGLINRWGSVGKKEAMETI IKKFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA 120
KU3620/779 PSLGLINRWGSVGKKEAME I TKKEFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA 120
KU360760 POLGLINRWGSVGKKEAMETI IKKFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA 120
French POLGLINRWGSVGKKEAMETI IKKFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA 120
oao0 PSLGLINRWGSVGKKEAME I TKKEFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA 120

K AH A A R A A A A AT AR A A AR A A A A A A A A A AT A A AT A A A AT TR ATAAATKT e« FEREK s RHK e K e XK KKKAK

-4t >"Pre-Membrane (prM) ————
Uganda MAAFR I TRRGSAYYMYLDRSDAGKATISFATT LGYVNKCHVOIMDLGHMCDATMSYEC PMLDE 180
Micronesla MAVEVTRRGSAYYMYLDRSDAGEATISFPTTLGMNKCYIQIMDLGHMCDATMSYEC PMIDE 180
Natal MAAFERVITRRGSAYYMYLDRNDAGEATISFPTTLGMNKCY IOIMDLGHMCDATMSYECPML DE 180
Salvador MAAERVTRRGSAYYMYLDRNDAGEATISFPTTLGMNRKCY IQIMDLGHMCDATMSYEC PMLDE 180
KUZ00 /777 MAAERVTRRGSAYYMYLDRNDAGEATISFPTTLGMNRKCY IQIMDLGHMCDATMSYECPML DR 180
KUS00 /778 MAAFERVITRRGSAYYMYLDRNDAGEATISFPTTLGMNKCY IOIMDLGHMCDATMSYECPML DE 180
KUS00779 MAAERVITRRGSAYYMYLDRNDAGEATISFPTTLGMNKCY IQOIMD LGHMCDATMSYECPMLDE 180
KU300 /780 MAAERVTRRGSAYYMYLDRNDAGEATISFPTTLGMNRKCY IQIMDLGHMCDATMSYEC PMLDE 180
French MAAERVITRRGSAYYMYLDRNDAGEATISFPTTLGMNKCY IOIMDLGHMCDATMSYRECPMLDE 180
oao0 MAAERVITRRGSAYYMYLDRNDAGEATISFPTTLGMNKCY IQOIMD LGHMCDATMSYECPMLDE 180

KR A AR A IR A A AFTA AT RXT KR XA

HH Ke AREAXFEAAEEAAATKE FTEXKeRKXEARE HEKAKKeXEX oo

R ) | —
Uganda GVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY 240
Micronesia CVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY 240
Natal CVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY 240
Salvador GVEPDDVDCWCNTTSTWVVYGTCHEKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY 240
KU365777 CVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY 240
KU365778 CVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY 240
KU365779 GVEPDDVDCWCNTTSTWVVYGTCHEKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY 240
KU365780 CVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY 240
French CVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY 240
Sa0 GVEPDDVDCWCNTTSTWVVYGTCHEKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY 240
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FIG.3B
—prM —»4--1gnal Segquence —P><4Lnvelope (E)
Uganda TKHLIKVENWI FRNPGFALVAVATAWLLGOSSTSQRKVIYLVMILLTIAPAYSTRCIGVSNRD 300
Mlcronesla TKHLIRVENWI FRNPGFALAAAATAWLLGSSTSQKVIYLVMI LLTAPAYSTRCIGVSNRD 300
Natal TKHLIRVENWI FRNPGFALAAAATAWLLGSSTSQRKVIYILVMILLTAPAYSTRCIGVSNRD 300
Salvador TKHLTIRVENWI FRNPGFALAAAATAWLLGSSTSQRVIYLVMILLTAPAYSTRCIGVSNRD 300
KU30o/777 TKHLIRVENWI FRNPGFALAAAATAWLLGSSTSQKVIYLVMI LLTAPAYSTRCIGVSNRD 300
KU360 /776 TKHLIRVENWI FRNPGFALAAAATAWLLGSSTSQRKVIYILVMILLTAPAYSTRCIGVSNRD 300
KU306o0 /179 TKHLTIRVENWIFRNPGFALAAAATAWLLGOSTSQRVIYLVMILLIAPAYSIRCIGVSNRD 300
KU36b0o /780 TKHLIRVENWI FRNPGFALAAAATAWLLGSSTSQRVIYILVMILLTIAPAYSTRCIGVSNRD 300
French TKHLIRVENWI FRNPGFALAAAATAWLLGSSTOQRKVIYLVMILLTAPAYS TRCIGVSNRD 300
Sao TKHLIRVENWIFRNPGFALAAAATAWLLGOSTOQRKVIYLVMILLIAPAYSTRCIGVSNRD 300
TR KKK . ol e - i e . * . AR AR A AR AR R R A AR A A AR R AR R AR A AR R AR AFATAR A A AR RT AKX
—m——r s s e-—mseeeoeo-n e - - - - —_—_— () — —_
Uganda EVEGMoGGTWYDVVLEHGGCVIVMAQDKPTVDIELVTITTVONMAEVRSYCYEAS T SDMAS 360
Mlcronesla FVEGMSGGTWVDVVLEHGGCVTIVMAQDKPAVDIELVTTTVONMAEVRSYCYEASTSDMAS 300
Natal FVEGMSGGTWYVDVVLEHGGCVIVMAQDKPTVDIELVTTTVSNMAEVRSYCYEAS T SDMAS 360
salvador EVEGMoGGTWYDVVLEHGGCVIVMAQDKPTVDIELVTITTVONMAEVRSYCYEAS T SDMAS 360
KUSoo /77 FVEGMSGGTWVDVVLEHGGCVTIVMAQDKPTVDIELVTTTVONMAEVRSYCYEASTSDMAS 300
KU365/778 FVEGMSGGTWYVDVVLEHGGCVIVMAQDKPTVDIELVTTTVSNMAEVRSYCYEAS T SDMAS 360
KU360779 EVEGMoGGTWYDVVLEHGGCVIVMAQDKPTVDIELVTITTVONMAEVRSYCYEAS T SDMAS 360
KU365/780 FVEGMSGGTWVDVVLEHGGCVTIVMAQDKPTVDIELVTTTVSNMAEVRSYCYEASTSDMAS 360
French FVEGMoGGTWYDVVLEHGGCVTIVMAQDKPTVDIELVTITTVONMAEVREYCYEASTSDMAS 360
Sao FVEGMoGGTWVDIVLEHGGCVIVMAQDKPTVDIELVITTVSNMAEVRSYCYEAS T SDMAS 360
KA RARKAXKAXKKKEKTK . KA AR AKRNAXAKAAKTARRRKEK . ol A ol ol i e e e e e ol - e e e e
_—— — — -—-— (B — —_
Uganda DoRCPTOGEAY LDKQSDTQYVCKRTLVDRGWGNGCGLEFGKGS LVICAKEFTCSKKMTGKS T 420
Mlicronesla DoRCPTOGEAY LDKQOSDTQYVCKRTLVDRGWGNGCGLFGRKGS LVTCAKFACSKKMTGKS T 420
Natal DSRCPTOGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGS LVTCAKFACSKKMTGKS T 420
Salvador DoRCPTQGEAYLDKQSDTOQYVCKRTLVDRGWGNGCGLFGKGS LVTCAKFACSKKMTGKS T 420
KU3bo /77 DoRCPTOQGEAYLDKOSDTQYVCRKRTLVDRGWGNGCGLFGRKGS LVTCARKFACSKKMTGKS T 420
KU360 776 DSRCPTOQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGS LVTCAKFACSKKMTGKS T 420
KU365779 DoRCPTQGEAYLDKQSDTOQYVCKRTLVDRGWGNGCGLFGKGS LVTCAKFACSKKMTGKS T 420
KU360 /780 DoRCPTOQGEAYLDKOSDTQYVCRKRTLVDRGWGNGCGLFGRKGS LVTCARKFACSKKMTGKS T 420
French DORCPTQGEAYLDKOSDTQYVCKRTLVDRGWGNGCGLFGKGS LVTICAKFACSKKMTGKS T 420
S5a0 DSRCPTQGEAYLDKQSDTOQYVCKRTLVDRGWGNGCGLFGKGS LVTCAKFACSKKMTGKS T 420
AR R AR AR R AR A AR AR AR R A A AT A A AR AN A AR R A A AT A AR TR A AR EAEA R A TR AR : KA KXKKAAAKRKXA
—_—m— 8@ @ — 0 (B — —_
Uganda QPENLEYRIMLOVHGSOHSGMI————-GYETDEDRAKVEVTPNSPRAEATLGGEGS LGLDC 476
Mlcronesla QPENLEYRIMLOVHGSOHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGEGS LGLDC 480
Natal QPENLEYRIMLSVHGSOHSGMIVNDTGHETDENRAKVEITPNSPRABATLGGFGSLGLDC 450
Salvador QPENLEYRIMLOVHGSQOHSGMIVNDTGHET DENRAKVEITPNSPRAEATLGGEGS LGLDC 480
KU3bo /77 QPENLEYRIMLOVHGSOHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGEGS LGLDC 480
KU3bo /76 QPENLEYRIMLSVHGSOHSGMIVNDTGHETDENRAKVEITPNSPRABATLGGFGSLGLDC 450
KU365779 QPENLEYRIMLOVHGSQOHSGMIVNDTGHET DENRAKVEITPNSPRAEATLGGEGS LGLDC 480
KU365 /780 QPENLEYRIMLOVHGSOHSGMIVNDTGHETDENRAKVEITPNSPRAEATLGGEGS LGLDC 480
French QPENLEYRIMLSVHGSOHSGMIVNDTGHETDENRAKVEITPNSPRABATLGGFGSLGLDC 450
oa0 QPENLEYRIMLOVHGSQOHSGMIVNDTGHET DENRAKVEITPNSPRAEATLGGEGS LGLDC 480

KA AR AR AARAAARTR A AR AR RAAKRTARK K e AKKAK I AEAREEAK s FKAA AR AAATAXTXAATAARAAEARKTXTKT XK
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FIG.3C
- —
Uganda EPRTGCLDFSDLYYLTMNNKHWLVHKEWFHD T PLPWHACADTGTPHWNNKEALVEFKDAHA 536
Micronesia FEPRTCLDFSDLYYLTMNNKHWLVHKEWFHD T PLPWHACADTCGTPHWNNKEALVEFKDAHA 540
Natal FEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD T PLPWHAGADTGTPHWNNKEALVEFKDAHA 540
Salvador EPRTGLDFSDLYYLTMNNKHWLVHKEWFHD T PLPWHACADTGTPHWNNKEALVEFKDAHA 540
KU365777 FEPRTCLDFSDLYYLTMNNKHWLVHKEWFHD T PLPWHACADTCTPHWNNKEALVEFKDAHA 540
KU365778 FEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD T PLPWHAGADTGTPHWNNKEALVEFKDAHA 540
KU365779 FPRTGLDFSDLYYLTMNNKHWLVHKEWFHD I PLPWHAGADTGTPHWNNKEALVEFKDAHA 540
KU365780 FEPRTGCLDFSDLYYLTMNNKHWLVHKEWFHD T PLPWHACADTGTPHWNNKEALVEFKDAHA 540
French EPRTCLDFSDLYYLTMNNKHWLVHKEWFHD I PLPWHACADTGTPHWNNKEALVEFKDAHA 540
Sao EPRTGLDFSDLYYLTMNNKHWLVHKEWFHD I PLPWHAGCADTG TPHWNNKEALVEFKDAHA 540
KR R A A A R A AR A AR A A RA A AR A AR AR TR A A AR AT R AR AR T AN IR AT AT TR ITET AR T A AT EA AR R KR RXA
- By —
Uganda KROTVVVLGSQEGAVHTALAGALEAEMDGAKCRLFSGHLKCRLKMDKLRLKGVSYSTLCTA 596
Micronesia KROTVVVLGSQEGAVHTALAGALEAEMDGAKCGRLSSGHLKCRLKMDKLRLKGVSYSTCTA 600
Natal KROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSTLCTA 600
Salvador KROTVVVLGSQEGAVHTALAGALEAEMDGAKCRLSSGHLKCRLKMDKLRLKGVSYSTLCTA 600
KU365777 KROTVVVLGSQEGAVHTALAGALEAEMDGAKCGRLSSGHLKCRLKMDKLRLKGVSYSTCTA 600
KU365778 KROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYSTLCTA 600
KU365779 KROTVVVLGSQEGAVHTALAGALEAEMDGAKCRLSSGHLKCRLKMDKLRLKGVSYSTLCTA 600
KU365780 KROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLKMDKLRLKGVSYST.CTA 600
French KROTVVVLGSQEGAVHTALAGALEAEMDGAKCGRLSSGHLKCRLKMDKLRLKGVSYSTCTA 600
Sa0 KROTVVVLGSQEGAVHTALAGALEAEMDGAKCRLSSGHLKCRLKMDKLRLKGVSYSTLCTA 600
KA R A A AR A AR A AR AT AEA A AR EA AT AT TR AET AT RERAIARE A EF A A A AR EA AT AR TR A A IAEA AR KR KIKXA A
_ e By —
Uganda AFTFTKVPAETLHGTVTVEVQYAGTDGPCKIPVOMAVDMOTLTPVGRLITANPVITESTE 656
Micronesia AFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE 660
Natal AFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE 660
Salvador AFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE 660
KU365777 AFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE 660
KU365778 AFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE 660
KU365779 AFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE 660
KU365780 AFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANDVITESTE 660
French AFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE 660
Sa0 AFTFTKIPAETLHGTVTVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE 660
7‘:*7‘:7‘:7‘:%{:******************#*#*%:*k _*k*kﬂ{********#*#**%%******#*#
i wvppre- —
Uganda NSKMMLELDPPFGDSYIVIGVGDKKITHHWHRSGST IGKAFEATVRGAKRMAVLGDTAWD 716
Micronesia NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD 720
Natal NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD 720
Salvador NSKMMLELDPPFGDSYIVIGVGEKKI THHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD 720
KU365777 NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD 720
KU365778 NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD 720
KU365779 NSKMMLELDPPFGDSYIVIGVGEKKI THHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD 720
KU365780 NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD 720
French NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD 720
Sao NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD 720
KA R A A AR A AR A AR T IAET A AR ETAKER s X AF A AT AT TR AR AR TR IAE AR R A IAET AR TR A A A EA AR KX KIKXA A
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FIG.3D
e e e e e e e (]} ) e —
Uganda FGSVGGVEFNSLGKGIHQITFGAAFKSLFGGMOSWEFSQILIGTLLVWLGLNTKNGSISLTCLA /76
Micronesla FGOVGGALNSLGKGIHQITFGAAFKSLFGGMOWEFSQILIGTLLVWLGLNTKNGSISLTCLA /80
Natal FGEVGGALNSLGKGIHQ I FGAAFKSLFGGMSWESOTI LIGTLLMWLGLNTKNGSISLMCLA /&80
Salvador FGOVGGALNSLGKGIHQIFGAAFKSLEGGMSWESQILIGTLLMWLGLNTKNGSISLMCLA /80
KUSo /77 FGOVGGALNSLGKGIHQIFGAAFKSLEGGMSWESQI LIGTLLMWLGLNTKNGSISLMCLA /80
KU36o /78 FGOSVGGALNSLGKGTIHQIFGAAFKSLEGGMSWESQTI LIGTLLMWLGLNTKNGSTISLMCLA /80
KU300 /779 FGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWESQOI LIGTLLMWLGLNTKNGSISLMCLA /60
KU305/80 FGOVGGALNSLGKGIHQTIFGAAFKSLFGGMOWEFSQILIGTLLMWLGLNTKNGSISLMCLA /80
French FGOVGGALNSLGKGTIHQIFGAAFKSLEGGMSWESQTI LIGTLLMWLGLNTKNGSTISLMCLA /80
Sa0 FGSVGGALNSLGKGIHQITFGAAFKSLFGCGMOSWEFSQILIGTLLMWLGLNTKNGSISLMCLA /80

KARAEKXK &8 KA K AT A AR AN A A A A A A AT A A AT AR A EAT TR AAATAATET s AR AXAEAAARRNAKNET KEK

—(E) —>
Uganda LGGVMIFLSTAVSAD 791
Mlicronesia LGGVLIFLSTAVSAD /95b
Natal LGGVLIFLSTAVSAD 795
Salvador LGGVLIFLSTAVSAD 795
KUZ0o /77 LGGVLIFLSTAVSAD 795
KU300 778 LGGVLIFLSTAVSAD 795
KU300/79 LGGVLIFLSTAVSAD 795
KU300 /80 LGGVLIFLSTAVSAD 795
French LGGVLIFLSTAVSAD 795
oao0 LGGVLIFLSTAVSAD 795

KA KAK s REARXKKERKKERK
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FIG.4A
4 yCapsid (C) ——m—m—m—————
Natal MEKNPKKKSGGEFRIVNMLKRGVARVSPFGGLKRLPAGLLLGHGPIRMVLATI LAFLRETATIK
Salvador MENPKKKSGGEFRIVNMLKRGVARVSPFGGLKRLPAGLLLGHGPIRMVLATI LAFLRETATIK
KU360o0 /777 MEKNPKKKSGGEFRIVNMLKRGVARVS PFGGLKRLPAGLLLGHGP IRMVLAI LAFLRETAIK
KU3060 /778 MEKNPKKKSGGEFRIVNMLKRGVARVSPFGGLKRLPAGLLLGHGPIRMVLATI LAFLRETATIK
KU300 /79 MENPKKKSGGFRIVNMLEKRGVARVS PFGGLKRLPAGLLLGHGPIRMVLATI LAFLREFTATLK
KU36o /80 MEKNPKKKSGGEFRIVNMLKRGVARVSPFGGLKRLPAGLLLGHGPIRMVLATI LAFLRETATIK
oao0 MENPKKKSGGEFRIVNMLKRGVARVSPFGGLKRLPAGLLLGHGPIRMVLATI LAFLRETATIK
AR R A R A R A A AR R A AR A AR R A AN R R A A AR R A A AR A AR AR A A AR A AR A AR A AN AR AR A AR KRR AT RARAATKXRK
Capsid (C) _—Pp4—prM Signal
ceJquence
Natal PSLGLINRWGSVGKKEAME T TKKFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA
Salvador PSLGLINRWGSVGKKEAME I TKKFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA
KU36o0 /77 PSLGLINRWGSVGKKEAME I TKKFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA
KU36o /78 PSLGLINRWGSVGKKEAME I TKKFKKDLAAMILRI INARKEKKRRGADTSVGIVGLLLTTA
KU3060 /779 PSLGLINRWGSVGKKEAME I TKKFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA
KU36o /80 PSLGLINRWGSVGKKEAME I TKKFKKDLAAMLRI INARKEKKRRGADTSVGIVGLLLTTA
oa0 PSLGLINRWGSVGKKEAME I TKKFKKDLAAMILRI INARKEKKRRGADTSVGIVGLLLTTA
R AR AR R AR AR A AR AR A AR A AT AR A AR AR AR AR AR A AR AR A AR AR R A AT ATREA AR AR AR
>4 Pre—-Membrane (prM) —mmmm—
Natal MAAEVTRRGSAYYMYLDRNDAGEATISFPTTLGMNKCYIQIMDLGHMCDATMSYECPMLDE
Salvador MAAEVTRRGSAYYMYLDRNDAGEATISFPTTLGMNKCYIQIMDLGHMCDATMSYECPMLDE
KU360o0 /777 MAAEVTRRGSAYYMYLDRNDAGEATISFPTTLGMNKCY IQIMDLGHMCDATMSYECPMLDE
KU3060 /778 MAAEVTRRGSAYYMYLDRNDAGEATISFPTTLGMNKCYIQIMDLGHMCDATMSYECPMLDE
KU360 /79 MAAEVTRRGSAYYMYLDRNDAGEATISFPTTLGMNKCYIQIMDLGHMCDATMSYECPMLDE
KU36o /80 MAAEVTRRGSAYYMYLDRNDAGEATISFPTTLGMNKCY IQIMDLGHMCDATMSYECPMLDE
oao MAAEVTRRGSAYYMYLDRNDAGEATISFPTTLGMNKCYIQIMDLGHMCDATMSYECPMLDE
ol il - A - i i - e e - e e -l
_—mm§m -oe —ele™@€§-m_m_§_mm—m_mo (prM ) —————
Natal GVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSOQTWLESREY
Salvador GVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY
KU3bo /7 GVEPDDVDCWCNTTSTWVVYGTCHHRKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY
KU36bo /78 GVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSOQTWLESREY
KU36o /79 GVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY
KU36o /80 GVEPDDVDCWCNTTSTWVVYGTCHHRKKGEARRSRRAVTLPSHSTRKLOTRSQTWLESREY
oa0 GVEPDDVDCWCNTTSTWVVYGTCHHKKGEARRSRRAVTLPSHSTRKLOTRSOQTWLESREY

rol - A S ol ol ol i i e i e il i i e e e e ol ol ol e i i i i ol ol ol e e e e e e e e ol ol e Y

—prM——p4=-51gnal Sequence—m—mm—m-mm—m—————Pp<¢Ltnvelope (E)
Natal TKHLIRVENWIFRNPGFALAAAATAWLLGOSTSQRKVIYLVMILLIAPAYSTRCIGVSNRD
Salvador TKHLIRVENWIFRNPGFALAAAATAWLLGOSTSQRKVIYILVMILLIAPAYS TRCIGVSNRD
KU360 /777 TKHLIRVENWIFRNPGFALAAAATAWLLGOSTSQRVIYLVMILLIAPAYSTRCIGVSNRD
KU36o / /8 TKHLIRVENWIFRNPGFALAAAATAWLLGOSTSQRKVIYLVMILLIAPAYSTRCIGVSNRD
KU3060 /779 TKHLIRVENWIFRNPGFALAAAATAWLLGOSTSQRVIYLVMILLIAPAYSTRCIGVSNRD
KU36o /80 TKHLIRVENWIFRNPGFALAAAATAWLLGOSTSQRKVIYLVMILLIAPAYS TRCIGVSNRD
oa0 TKHLIRVENWIFRNPGFALAAAATAWLLGOSTSQRKVIYILVMILLIAPAYS TRCIGVSONRD

A A A AR A A AN AN A AN AR A AN AR R R R AR AN AR A A A A A A A A AR AN AN AN AN A AR AR AR AN AN A A A AR AT A A A A RARARARRNRAAANARAR
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FIG.4B

R ——el §1) B —
Natal FVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASTSDMAS
Salvador FVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEAST SDMAS
KU365777 FVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEAST SDMAS
KU365778 FVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASTSDMAS
KU365779 FVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEAST SDMAS
KU365780 FVEGMSGGTWVDVVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEAST SDMAS
Sao FVEGMSGGTWVDIVLEHGGCVTVMAQDKPTVDIELVT TTVSNMAEVRSYCYEASTSDMAS

************:***********************************************

R —————————— L) T —~
Natal DSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMT GKS T
Salvador DSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMT GKS T
KU365777 DSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMT GKS T
KU365778 DSRCPTQGEAYLDKQSDTQYVCKRT LVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKS T
KU365779 DSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMT GKS T
KU365780 DSRCPTQGEAYLDKQSDTQYVCKRTLVDRGWGNGCGLFGKGSLVTCAKFACSKKMT GKS T
Sao DSRCPTQGEAYLDKQSDTQYVCKRT LVDRGWGNGCGLFGKGSLVTCAKFACSKKMTGKS T

Ll i b o - A A A i i Sl ol ol

e e e e e e ([ ) e —
Natal QPENLEYRIMLSVHGEQHSGMIVNDTGHETDENRAKVEITPNSPRAFBATLGGEFGSLGLDC
Salvador QPENLEYRIMLOVHGESQHSGMIVNDTGHETDENRARKVEITPNSPRAEBATLGGEFGSLGLDC
KUSoo /77 QPENLEYRIMLSVHGEOQHSGMIVNDTGHETDENRAKVEITPNS PRABATLGGEFGSLGLDC
KU3607/778 QPENLEYRIMLSVHGEQHSGMIVNDTGHETDENRAKVEITPNSPRAFBATLGGEFGSLGLDC
KU360 /779 QPENLEYRIMLOVHGSQHSGMIVNDTGHETDENRARKVEITPNSPRABATLGGEGSLGLDC
KU30o0 /60 QPENLEYRIMLSVHGEOQHSGMIVNDTGHETDENRAKVEITPNS PRAFBATLGGEFGSLGLDC
Sao0 QPENLEYRIMLOVHGSQHSGMIVNDTGHETDENRARKVE ITPNSPRABATLGGEGSLGLDC

KA KR A AR A AN AN A AN AT AR AR A A AR AT A A AR A A A AN AN A AR A A AR A AR A AR A A A AR AT A AR AAARAKANKRRAK

R ————————————] ) R —
Natal EPRTGLDFSDLYYLTMNNKHWLVHKEWFHDI PLPWHAGADTGT PHWNNKEALVEFKDAHA
salvador FEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD I PLPWHAGADTGT PHWNNKEALVEFKDAHA
KUs0o 777 FEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD I PLPWHAGADTGT PHWNNKEALVEFKDAHA
KU365778 EPRTGLDFSDLYYLTMNNKHWLVHKEWFHDI PLPWHAGADTGT PHANNKEALVE FKDAHA
KU300 /779 FEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD I PLPWHAGADTGT PHWNNKEALVEFKDAHA
KU3005 /760 FEPRTGLDFSDLYYLTMNNKHWLVHKEWFHD I PLPWHAGADTGT PHWNNKEALVEFKDAHA
Sao EPRTGLDFSDLYYLTMNNKHWLVHKEWFHDI PLPWHAGADTGT PHANNKEALVE FKDAHA

KA R A A A A AN A A AN AR A AR R AR AR AR A A AR AR A A R A AR A AR AN A AN A R A A AR AR AR A A AR A A AR A A AR AR A A A AR AARANAANKANATRAR

e e e e e e e . (| [} e -
Natal KROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLEKMDKLRLKGVSYSLCTA
sSalvador KROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLEKMDKLRLKGVSYSLCTA
KUs0o /77 KROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLEKMDKLRLKGVSYSLCTA
KU360/78 KROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLEKMDKLRLKGVSYSLCTA
KU360/779 KROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLEKMDKLRLKGVSYSLCTA
KU360 /80 KROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLEKMDKLRLKGVSYSLCTA
oao0 KROTVVVLGSQEGAVHTALAGALEAEMDGAKGRLSSGHLKCRLEKMDKLRLKGVSYSLCTA

Ll i b o - A A A i i Sl ol ol
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_— B — —
Natal AFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE
Salvador AFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE
KU365777 AFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE
KU365778 AFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE
KU365779 AFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE
KU365780 AFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE
Sao AFTFTKIPAETLHGTVIVEVQYAGTDGPCKVPAQMAVDMOTLTPVGRLITANPVITESTE
KA R A AR A AR AR A A A AR A AR A A AR A AR AR AR A A AA R AA AR AT AR A A A AR TR AR AR A AR A A AR
e D -
Natal NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD
Salvador NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD
KU365777 NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD
KU365778 NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD
KU365779 NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD
KU365780 NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD
Sao NSKMMLELDPPFGDSYIVIGVGEKKITHHWHRSGSTIGKAFEATVRGAKRMAVLGDTAWD
KR AR AR R AR AR A AR A AR A AR A AR AR A AR AR AR A AR AR A AR AR AR AR A AR AT EARA TR AR AKX
_— By —
Natal FGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLA
Salvador FGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLA
KU365777 FGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLA
KU365778 FGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLA
KU365779 FGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLA
KU365780 FGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLA
Sao FGSVGGALNSLGKGIHQIFGAAFKSLFGGMSWFSQILIGTLLMWLGLNTKNGSISLMCLA
KA KA AR AR AR KA A A AR AA AR AT AR A AR A A AA A A A AR AA A AT AR A A FIAEA AT AR AR A A XA KA K%K
Natal LGGVLIFLSTAVSAD
Salvador LGGVLIFLSTAVSAD
KU365777 LGGVLIFLSTAVSAD
KU365778 LGGVLIFLSTAVSAD
KU365779 LGGVLIFLSTAVSAD
KU365780 LGGVLIFLSTAVSAD
Sao LGGVLIFLSTAVSAD

KA AR A AAKANKANKARAARAATARAAER
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FIG.5
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FIG.7
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FIG.9

Viral Load Day 3 Post Challenge
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FIG.10
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FIG.11
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ZIKA VIRAL ANTIGEN CONSTRUCTS
STATEMENT OF U.S. GOVERNMENT INTEREST

[0001] This mmvention was created 1n the performance of a
Cooperative Research and Development Agreement with
the National Institutes of Health, an Agency of the Depart-
ment of Health and Human Services. The Government of
the United States has certain rights 1 this invention.

SEQUENCE LISTING

[0002] This application contains a Sequence Listing
which has been submitted electronically in . XML format
and 1s hereby mcorporated by reference 1 1ts entirety. Said
XML copy, created on Sep. 15, 2022, 1s named “2801-
0317PUS2.xml” and 1s 153,900 bytes 1n size. The sequence
listing contained 1n this XML file 1s part of the specification
and 1s hereby mcorporated by reference herein 1n its entirety.

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0003] The present application 1s a 37 C.FR. § 1.53(b)
continuation of U.S. Application No. 16/461,503 filed on
May 16, 2019 which 1s the National Phase of PCT Interna-
tional Application No. PCT/EP2017/079343, filed on Nov.
15, 2017, which claims priority under 35 U.S.C. § 119(e) to
U.S. Provisional Application Nos. 62/568,559 filed on Oct.
5, 2017; 62/485,090 filed on Apr. 13, 2017; and 62/423,398
filed on Nov. 17, 2016, all of which are hereby expressly
incorporated by reterence into the present application.

FIELD OF THE INVENTION

[0004] This invention 1s 1n the field of treating and pre-
venting viral infections. In particular, the present mvention
relates to nucleic acid-based vaccine constructs encoding
Zika viral anfigens and the use of Zika viral antigens for
treating and preventing Zika infections.

BACKGROUND TO THE INVENTION

[0005] Zika virus was first identified mm Uganda 1n 1947 i
rhesus monkeys through a monitoring network of sylvatic
yellow fever. It was subsequently identified in humans in
1952 1n Uganda and the United Republic of Tanzania. Out-
breaks of Zika virus disease have been recorded 1in Africa,
the Americas, Asia and the Pacific. Zika virus belongs to the
genus flavivirus. Its reservoir 1s unknown.

[0006] Zika virus 1s a plus-strand RNA virus belonging to
the family Flaviviridae. Zika virus disease 1s caused by a
virus transmitted primarily by Aedes mosquitoes. People
with Zika virus disease can have symptoms that can include
mild fever, skin rash, conjunctivitis, muscle and joint pain,
malaise or headache. These symptoms normally last for 2-
7 days.

[0007] The Zika virus 1s known to circulate m Atrica, the
Americas, Asia and the Pacific. Transmitted by Aedes mos-
quitos, the virus has been known to cause either asympto-
matic infection (1n the majority of people mntected) or a selt-
Immiting 1llness with descending rash, conjunctivitis and low
orade fever. However, during the ongoing Zika virus out-
break mn the Americas an alarming increase m the number
of babies born with microcephaly, as well as an increase n
the mcidence of Guillain-Barré syndrome has been reported.

Aug. 3, 2023

In addition to microcephaly, other fetal maltormations and

neurological disorders have been described.
[0008] Dowd etal. (Science, Vol. 354 Issue 6309, pp. 237-

40 (2016) recently reported that DNA vaccines expressing
the premembrane and envelope proteins of Zika virus were
immunogenic 1n mice and nonhuman primates when admi-
nistered by electroporation or needle-free 1njection; and that
protection against viremma alter Zika virus challenge corre-
lated with serum neutralizing activity.

[0009] Chahal et al. (Scientific Reports, 7:252, pp. 1-9
(2017)) describe an alphavirus RNA vector encoding Zika
virus structural antigens. When formulated with a modified
dendrimer nanomaterial and administered to mice mntramus-
cularly, the vaccine was found to be immunogenaic.

[0010] Ruchner et al. (Cell, 168, pp. 1-12, (2017) describe
a modified mRNA vaccine encoding wild-type or mutant
Zika structural protemns. When encapsulated m lipid nano-
particles and administered intramuscularly to mice, the
mRNA vaccine elicited high neutralizing antibody titers
and protection from viral challenge.

[0011] Given the concernming discase burden and the
potential for rapid dissemination, there 18 an urgent need
for the development of components for use 1 a Zika virus
1IMMUuUNOgenIc Or vaccine composition.

SUMMARY OF THE INVENTION

[0012] The present imnventors provide constructs useful as
components of immunogenic compositions for the induction
of an i1mmune response 1 a subject agamst Zika viral mfec-
tion, methods for their use 1 treatment, and processes for
their manufacture.

[0013] In some embodiments, a nucleic acid-based vac-
cine construct encoding a polypeptide comprising a full-
length Zika virus pre-M-E antigen (prME), or an immuno-
genic fragment thereof 1s provided.

[0014] In some embodiments, a vector comprising the
construct as described 1s provided.

[0015] In some embodiments, a self-replicating RNA
molecule (also referred to herein as a self-amplifying
mRNA, or SAM molecule) comprising the construct as
described 1s provided.

[0016] In some embodiments, a composition comprising
an 1mmunologically effective amount of one or more of
the constructs, vectors, or self-replicating RNA molecules
as described above 1s provided.

[0017] In some embodiments, a composition as described
above 1s provided wherein the composition comprises an
RNA-based vaccine.

[0018] In some embodiments, a composition as described
above 1s provided wherein the composition comprises one
or more constructs, vectors, or self-replicating RNA mole-
cules as described above complexed with a particle of a
cationic oil-in-water emulsion.

[0019] In some embodiments, a composition as described
above for use 1n mducing an immune response against a
Zika virus infection m a subject 1n need thereof 1s provided.
[0020] In some embodiments, a method 1s provided for
inducing an immune response against a Zika virus infection
1n a subject 1n need thereof, which comprises administering
to said subject an immunologically etfective amount of a
composition comprising one or more of the constructs, vec-
tors, or selt-replicating RNA molecules as described above.
[0021] In some embodiments, a method as described
above 1s provided wherein the composition comprises one
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or more constructs, vectors, or self-replicating RNA mole-
cules as described above complexed with a particle of a
cationic oil-in-water emulsion.

[0022] In some embodiments, a process 1s provided for
producing an RNA-based vaccine comprising a step of tran-
scribing a vector or DNA molecule encoding a self-replicat-
ing RNA molecule described above to produce an RNA
comprising a coding region for the antigen.

[0023] In some embodiments, a method of preparing a
composition as described above 1s provided wherein the
method comprises 1) preparing a cationic oil-in-water emul-
s10n; 2) preparing one or more constructs, vectors, or seli-
replicating RN A molecules as described above; and 3) add-
ing the one or more constructs, vectors, or self-replicating
RINA molecules to the cationic oil-in-water emulsion so that
the construct, vector, or self-replicating RNNA molecule
complexes with the emulsion.

[0024] In some embodiments, a composition produced by
the process described above 1s provided.

[0025] In some embodiments, a use of the construct, vec-
tor, self-replicating RNA molecule, or composition
described above for inducing an immune response against

a Zika virus mifection m a subject 1s provided.
[0026] In some embodiments, a use of the construct, vec-

tor, self-replicating RNA molecule, or composition
described above 1n the manufacture of a medicament that
induces an immune response against a Zika virus mfection
in a subject 1s provided.

[0027] In some embodiments, a construct, vector, seli-
replicating RINA molecule, or composition described
above for use 1n therapy 1s provided.

[0028] In some embodiments, a construct, vector, seli-
replicating RNA molecule, or composition described
above for use 1n a method of inducing an 1mmune response
to a Zika virus imnfection 1 a subject 1s provided.

DESCRIPTION OF DRAWINGS/FIGURES

[0029] FIG. 1: The organization of the Flavivirus genome,
showing the polyprotein that 1s cleaved into structural and
nonstructural protems by a combination of viral and cellular
proteases.

[0030] FIG. 2: Formation of Flavivirus virions and sub-
viral particles. (1) In natural mfections, flavivirus proteins
are produced by the processing of a polyprotein translated
from the viral genomic RNA and 1nserted co-translationally
into the endoplasmic reticulum (ER) membrane. Horizontal
arrows 1ndicate polyprotein cleavages by signal peptidase
and arrow heads 1indicate cleavage by the viral NS2B-3 pro-
tease. The open arrow 1ndicates a signalase cleavage which
1s 1efficient unless cytoplasmic capsid (C) cleavage has
occurred. (2) The mimmmal requirement for production of
subviral particles 1s the precursor membrane (prM) and
envelope (E) protems. (3) Flavivirus particles are formed
by budding on the ER membrane driven by the prM and E
proteins independent of the C protein or preformed nucleo-
capsids. Virus infection results predominantly 1n the forma-
tion of virions. (4) Nucleocapsid-tree virus-like particles are
efficiently produced by recombinant expression of the prM
and E protemns and are a by-product of flavivirus infection.
(5) Virions and virus-like particles follow the exocytic path-
way for secretion from infected/transfected cells. ‘Cy’
denotes the cytoplasmic side of the ER membrane.
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[0031] FIGS. 3A-D: CLUSTAL O(1.2.1) multiple
sequence alignment of CprME protems of Zika virus strains:
Uganda (SEQ ID NO:10); Micronesia (SEQ ID NO:11);
Natal (SEQ ID NO:2); Salvador (SEQ ID NO:8); Genbank
Accession No. KU365777 (SEQ ID NO:13); Genbank
Accession No. KU365778 (SEQ ID NO:14); Genbank
Accession No. KU365779 (SEQ ID NO:15); Genbank
Accession No. KU365780 (SEQ ID NO:16); French Poly-
nesia (“French™) (SEQ ID NO:12); and Sao Paolo (“Sao™)
(SEQ ID NO:9). An “*” (asterisk) mdicates positions which
have a single, fully conserved residue. A .7 (colon) 1ndi-
cates conservation between groups of strongly similar prop-
erties. A “.” (period) mdicates conservation between groups
of weakly similar properties. The above SEQ ID NOS
include the entire sequences shown in FIGS. 3A-D for
cach stram except that SEQ ID NO: 2 does not include the
capsid (C) portion of the Natal strain. However, the entire

corresponding sequence for the Natal stramn 1s shown 1n
FIGS. 3A-3D.

TABLE 1

Zika virus strains, year, and Genbank reference

STRAIN YEAR GENBANK NUMBER
Uganda NC 012532
Micronesia 2007 EUS545988.1
Natal (Brazil) 2016 KU327068
Salvador (Brazil) 2016 KU707826.1

Sao Paulo (Brazil) 2016 KU321639
French Polynesia 2013 KJ776791

[0032] FIGS. 4A-C: CLUSTAL O(1.2.1) multiple
sequence alignment of CprME protemns from Brazilian
stramms of Zika wvirus: Natal (SEQ ID NO:2); Salvador
(SEQ ID NO:8); Genbank Accession No. KU365777 (SEQ
ID NO:13); Genbank Accession No. KU365778 (SEQ ID
NO:14); Genbank Accession No. KU365779 (SEQ ID
NO:15); Genbank Accession No. KU365780 (SEQ ID
NO:16); and Sao Paolo (“Sao”) (SEQ ID NO:9). See Table
1 for Zika virus strains, year, and Genbank reference.
[0033] FIG. 5: A SAM -/ika construct. The self-amplify-
ing mRNA (SAM) background consists of VEE TC-8&3
replicon encoding the wviral nonstructural protems 1-4
(nsP1-4), followed by the subgenomic promoter, and an
insert encoding a Zika antigen. The empty vector 18 shown
in SEQ ID NO:17; the msert starts mmmediately after
nucleotide 7561.

[0034] FIG. 6: Design of antigen inserts for Zika-SAM
constructs.

[0035] Antigen msert #5283, shown m (A), comprises a
Japanese Encephalitis Virus (JEV) signal sequence followed
by Zika prME, including the wild type prM start sequence
(“AEVTR”). The full length amino acid sequence of antigen
msert #5283 1s shown 1n SEQ ID NO:19, including the JEV
signal sequence (SEQ ID NO:5), followed by the Zika pr
region (SEQ ID NO:20), M protemn (SEQ ID NO:21) and
E protein (SEQ ID NO:22). The DNA and RNA sequences
encoding the antigen msert shown m (A) are presented 1n
SEQ ID NOs:18 and 39, respectively.

[0036] Antigen msert #5288, shown 1 (B), 1s 1dentical to
the msert of (A), except that the last 98 amino acids of the
Zika E protem are replaced with the last 98 amino acids
from the C-terminus of the JEV E protein (Genbank Acces-
sion No. AFV52311.1; SEQ ID NO:7). Chang et al. (2003)
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Virol. 306:170-180. The full length amino acid sequence of
antigen 1nsert #5288 1s shown 1n SEQ ID NO:24, including
the JEV signal sequence (SEQ ID NO:5), tollowed by the
Zika pr region and M protein (SEQ ID NOS:25 and 26,
respectively), and a hybnid Zika-JEV E protein (SEQ ID
NO:27). The DNA and RNA sequences encoding the anti-
oen 1nsert shown 1 (B) are presented in SEQ ID NOs:23
and 40, respectively.

[0037] FIG. 7. Analysis of expression and secretion of E

protein from Zika-SAM constructs.
[0038] Expression and secretion of E proteimn was detected

by immunoblot 1n cell lysates for self-amplifying mRNA
(SAM) constructs encoding antigen nserts #5283 (JEV sig-
nal + Zika prME) and #5288 (JEV signal + hybnid Zika-JEV
prtME). Expression and secretion of E protemm was also
detected for a positive control antigen construct (#8111)
but not for a negative control construct (#4974) or mock
transfection (“Mock™). See Example 5.

[0039] FIG. 8: Neutralizing Antibody Responses 1n Mice.
Mice were found to have significant neutralizing Zika anti-
bodies two weeks after a single vaccination with Zika-SAM
construct #3283 (JEV signal + Zika prME), or with positive
control Zika DNA construct #5283, as measured by reporter
virus particle (RVP) neutralization assay. Neutralizing anti-
body titers were further increased two weeks after a second
vaccination with the same Zika-SAM construct, or the posi-
tive control. Neutralizing Zika antibodies were below the
lmmit of quantification before vaccination (Day 0), and
after vaccmation with negative control construct (#4974,
1.5 ug dose) or with #5288 (JEV signal + hybnd Zika-JEV
prtME, 1.5 ug dose). A dose-response effect was observed
for SAM construct #5283, with 15 ug of RNA eliciting more
neutralizing antibodies than 1.5 ug RNA.

[0040] FIG. 9: Protection of Mice from Zika Challenge:
Mice vaccmated on days 0 and 21 were challenged with
live Zika virus on day 49. Viral load was measured 3 days
post-challenge. Vaccmation with SAM construct #5283 (at
1.5 ug and 15 ug doses), as well as the positive control
(DNA #5283) were protective aganst Zika viremi. Unvac-
cmated mice and mice vaccinated with SAM construct
#5288 (1.5 ug dose) or negative control construct #4974
were not protected 1n the Zika challenge. Dotted line mndi-
cates the limit of quantification (LOQ) of the assay.

[0041] FIG. 10: Neutralizing Antibody Responses 1 Non-
Human Primates (NHPs). Rhesus Macaques were immu-
nized at weeks 0 and 4 with the Zika-SAM construct
#5283 (75 ug/dose) or a codon-optimized SAM construct
encoding the native Zika prME antigen (Co.prME SAM;
75 ug/dose). Control NHPs were administered placebo or
immunized with Zika DNA construct #5283 (4 mg/dose).
/Z1ka neutralizing antibodies were sigmificantly elevated
four weeks after the first immunization of Zika SAM con-
struct #5283 or Zika DNA #5283 as compared to placebo,
with titers being further increased 4 weeks after the second
immunization. Zika-SAM construct Co.prME SAM pro-
duced significantly less neutralizing antibodies compared
to #5283 DNA after a smngle dose, but similar titers after
two 1njections. Dotted line indicates the limit of quantifica-
tion (LOQ) of the assay.

[0042] FIG. 11: Protection of NHPs from Zika Challenge:
Rhesus Macaques vaccinated as described mn FIG. 10 were
then challenged with live Zika virus at week 8. Viral load
was measured daily from days 3-7 post-challenge. Placebo
animals exhibited elevated virema as early as 3 days post-
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challenge (A). Vaccination with Zika-SAM construct #5283
(B), Zika-SAM Co.ptME (C), and DNA #5283 (D) were
protective against Zika viremia, with Zika-SAM construct
#3283 exhibiting a complete protection against Zika vire-
mia. Dotted line indicates the limit of quantification (LOQ)

of the assay.
[0043] FIG. 12: Post-Challenge Serology in NHPs. Neu-

tralizing antibody titers were determined 8, 10 and 12 weeks
after Zika virus challenge, and are expressed as fold-change
from pre-challenge levels. Placebo animals showed a sharp
rise 1n neutralizing antibodies after Zika challenge, suggest-
ing Zika infection in these animals. Two animals 1 the
SAM Co.prtME group, and one animal in the DNA #5283
ogroup, showed elevated neutralizing antibody titers post-
challenge, mndicating that protection was not sterilizing 1n
these animals. In contrast, animals 1n the Zika SAM #5283
oroup did not exhibit elevated neutralizing antibodies after
Zika challenge, indicating that sterilizing protection was
achieved 1n all subjects. Dotted line 1n (B), (C) and (D) 1ndi-
cates a 4-fold change 1n neutralizing titers, which 1s consid-
cred non-sterilizing 1n the flavivirus field.

DETAILED DESCRIPTION OF THE INVENTION

Antigens; Varnants; Fragments; and Constructs

[0044] The present mventors provide constructs useful as
components of immunogenic compositions for the induction
of an i1mmune response 1 a subject agamst Zika viral mfec-
tion constructs useful for the expression of antigens, meth-
ods for their use 1n treatment, and processes for their manu-
tacture. By construct 1s mtended a nucleic acid that encodes
polypeptide sequences described herein, and may comprise
DNA, RNA, or non-naturally occurring nucleic acid mono-
mers. The nucleic acid components of constructs are
described more fully i the Nucleic Acids section heren.

[0045] In some embodiments, the constructs disclosed
herein encode wild-type polypeptide sequences of a Zika
virus, or a variant, or a fragment thereof. The constructs
may further encode a polypeptide sequence heterologous
to the polypeptide sequences of a Zika virus. In some embo-
diments, the constructs encode wild-type polypeptide
sequences of a Brazilian strain Zika virus, or a vanant, or
a fragment thereof. By “Brazihian strain Zika virus™ 1s
intended any strain of Zika virus denoted as “Brazilian™ 1n
Table 1. Unless mdicated otherwise, descriptions of the
wild-type prME antigen are made by reference to the Natal
strain (Brazil), GenBank number KUS527068.1, as depicted
in the SEQ ID NO:1 (nucleic acid) and SEQ ID NO:2 (poly-
peptide), and as depicted 1n FIGS. 3A-D, and FIGS. 4A-C.
[0046] A ““varnlant” of a polypeptide sequence includes
amino acid sequences having one or more amino acid sub-
stitutions, 1sertions and/or deletions when compared to the
reference sequence. The vanant may comprise an amino
acid sequence which 15 at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%. at least 96%,
at least 97%, at least 98%, or at least 99% 1dentical to a full-
length wild-type polypeptide, for example, to a polypeptide
according to SEQ ID NO:2. Alternatively, or 1n addition, a
fragment of a polypeptide may comprise an immunogenic
fragment (1.e. an epitope-containing fragment) of the full-
length polypeptide which may comprise a contiguous
amino acid sequence of at least 8, at least 9, at least 10, at
least 11, at least 12, at least 13, at least 14, at least 15, at least
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16, at least 17, at least 18, at least 19, or more amino acids
which 1s 1dentical to a contiguous amino acid sequence of
the full-length polypeptide.

[0047] A fragment of a polypeptide may comprise N- and/
or C-termunal deletions when compared to a full-length
polypeptide, for example SEQ ID NO:2, wherein the frag-
ment comprises a delettionofupto1,2,3,4,5,6,7,8,9, 10,
15 or 20 amimo acids from the N-terminus, the C-terminus,
or both the N-termunus and C-termuinus of the full-length
sequence. It may be specified that the deletions are of con-
secutive amino acids.

[0048] Asused herein, the term “antigen” refers to a mole-
cule contamning one or more epitopes (¢.g., linear, conforma-
tional or both) that will stimulate a host’s immune system to
make a humoral and/or cellular antigen-specific immunolo-
gical response (1.€. an immune response which specifically
recognizes an antigen polypeptide). An “epitope” 1s that
portion of an antigen that determines its immunological
specificity.

[0049] T- and B-cell epitopes can be 1dentitied empirically
(¢.g. using PEPSCAN™ or similar methods). See the fol-
lowing references: Geysen et al. (1984) PNAS USA 81
:3998-4002; Carter (1994) Methods Mol Biol 36:207-23.
They can be predicted (e.g. using the Jameson- Wolf anti-
oenic 1index (see Jameson et al. (1988) CABIOS 4(1): 181-
186), matrix-based approaches (see Raddrizzam & Hammer
(2000) Brief Bioinform 1(2): 179-89), TEPITOPE™ (see De
Lalla et al. (1999) J. Immunol. 163: 1725-29), neural net-
works (see Brusic et al. (1998) Bioinformatics 14(2): 121-
30), OptiMer & EpiMer (see Meister et al. (1995) Vaccine
13(6):581-91; see Roberts et al. (1996) AIDS Res Hum Ret-
roviruses 12(7):593-610), ADEPT™ (see Maksyutov &
Zagrebelnaya (1993) Comput Appl Biosci 9(3):291-7),
Tsites (see Feller & de la Cruz (1991) Nature
349(6311):720-1), hydrophilicity (see Hopp (1993) Peptide
Research 6:183-190), antigenic mdex (see Welling et al.
(1985) FEBS Lett. 188:215-218) or the methods disclosed
in reference Davenport et al. (1993) Immunogenetics
42:392-297, etc.).

[0050] In some embodiments, the constructs heremn
encode a Zika virus prME antigen. By “Zika virus prME
antigen” 1s intended the amino acid sequence, or a nucleo-
tide sequence encoding the amino acid sequence, of a wild-
type Zika virus structural protein prME, a vanant, or a frag-
ment thereof. FIG. 3 and FIG. 4 idenfify the amino acid
sequence of several full-length wild-type Zika virus prME
structural protein variants. The sequence 1dentifier numbers
for each are set forth in the Sequence Listing herein. See
SEQ ID NOS:2 and 8-16.

[0051] Thus, where a Zika virus prME antigen 1s a variant
of a wild-type prME polypeptide, the variant may comprise
an amino acid sequence which 1s at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, at least 95%, at least
96%. at least 97%. at least 98%, or at least 99% 1dentical to a
full-length wild-type polypeptide, for example, to a poly-
peptide according to SEQ ID NOS:2 and 8-16. Alterna-
tively, or in addition, a fragment of a polypeptide may com-
prise an immunogenic fragment (1.€. an epitope-containing
fragment) of the full-length polypeptide which may com-
prise a contiguous amino acid sequence of at least 8, at
least 9, at least 10, at least 11, at least 12, at least 13, at
least 14, at least 15, at least 16, at least 17, at least 18, at
least 19, or more amino acids which 1s 1dentical to a contig-
uous amino acid sequence of the full-length polypeptide.

Aug. 3, 2023

[0052] Afragmentof a Zika virus prME polypeptide may
comprise N- and/or C-terminal deletions when compared to
a full-length polypeptide, for example SEQ ID NOS:2 and
8-16, wherein the fragment comprises a deletion of up to 1,
2.3.4,5,6,7,8,9 10, 15 or 20 amino acids {rom the N-
terminus, the C-terminus, or both the N-terminus and C-ter-
minus of the full-length sequence. It may be specified that
the deletions are of consecutive amino acids. In some embo-
diments, the Zika virus prME polypeptide comprises a frag-
ment selected from the group consisting of amino acids 1 to
692 of SEQ ID NO:2 and amino acids 21 to 692 of SEQ ID
NO:2.

[0053] In some embodiments, an immunogenic fragment
of a prtME antigen comprises the full-length of the Zika
virus M antigen. By “Zika virus M antigen™ 1s intended the
amino acid sequence, or a nucleotide sequence encoding the
amino acid sequence, of SEQ ID NO:21. Where a Zika virus
M antigen 1s a vaniant of a wild-type M polypeptide, the
variant may comprise an amino acid sequence which 1s at
least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 96%. at least 97%, at least 98%.
or at least 99% 1dentical to a full-length wild-type polypep-
tide, for example, to a polypeptide according to SEQ ID
NO:21.

[0054] A fragment of a Zika virus M antigen may com-
prise N- and/or C-terminal deletions when compared to a
tull-length polypeptide, for example SEQ ID NO:21,
wherein the fragment comprises a deletion of up to 1, 2, 3,
4.5,6,7,8,9 10, 15 or 20 amino acids {rom the N-termi-
nus, the C-terminus, or both the N-terminus and C-terminus
of the full-length sequence. It may be specified that the dele-
trlons are of consecutive amino acids.

[0055] In some embodiments, an immunogenic fragment
of a prtME antigen comprises the full-length of the Zika
virus E anfigen. By “Zika virus E antigen” 1s mtended the
amino acid sequence, or a nucleotide sequence encoding the
amino acid sequence, of SEQ ID NO:22. Where a Zi1ka virus
E antigen 1s a variant of a wild-type E polypeptide, the var-
1ant may comprise an amino acid sequence which 1s at least
70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%., at least 98%, or at
least 99% 1dentical to a full-length wild-type polypeptide,
for example, to a polypeptide according to SEQ ID NO:22.
In some embodiments, a variant Zika virus E antigen may be
a hybrid E antigen comprising an N-terminal fragment of a
Zika E protein fused to a C-termuinal fragment of a hetero-
logous viral E protein. In some embodiments, the heterolo-
gous viral E proten 1s dertved from a heterologous flavi-
virus, such as Japanese Encephalitis Virus (JEV).

[0056] A fragment of a Zika virus E antigen may comprise
N- and/or C-termunal deletions when compared to a full-
length polypeptide, for example SEQ ID NO:22, wherein
the fragment comprises a deletion ofup to 1, 2, 3, 4, 5, 6,
7. 8.9 10, 15 or 20 amino acids from the N-terminus, the C-
terminus, or both the N-terminus and C-terminus of the full-
length sequence. It may be specified that the deletions are of
consecutive amino acids.

[0057] In some embodiments, a variant Zika virus prME
antigen comprises a hybnid Zika-JEV E protein. A hybrid
Zika-JEV E antigen may comprise an N-terminal fragment
of a Zika E protein comprising at least amino acids (1 +X) to
(422 + y) of SEQ ID NO:22, where x 1s a whole number
selected from 0, 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19 or 20; and y 1s a whole number selected
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from0,1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14,15, 16, 17,
18, 19 or 20. In one embodiment, the N terminal fragment of

a Zika E protein comprises amino acids 1 to 422 of SEQ ID
NO:22.

[0058] A hybrid E antigen may comprise a C-terminal
fragment of a JEV E protein comprising at least amino
acids (205 £ x) to (302 £ y) of SEQ ID NO:7, where X 15 a
whole number selected from 0, 1,2,3.4.5.6,7.8,9._10, 11,
12,13, 14, 15,16, 17, 18, 19 or 20; and y 1s a whole number
selected from 0, 1, 2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15,
16, 17, 18, 19 or 20. In one embodiment, the C-terminal
fragment of a JEV E protein comprises amimo acids 205 to
302 of SEQ ID NO:7.

[0059] In one embodiment, a hybrid E antigen comprises
the amino acid sequence of SEQ ID NO:27, or a fragment or
vanant thereof. A vanant may comprise an amimo acid
sequence which 1s at least 70%, at least 75%, at least 80%,
at least 85%. at least 90%, at least 95%, at least 96%, at least
97%, at least 98%, or at least 99% 1dentical to the polypep-
tide according to SEQ ID NO:27. Alternatively, or 1n addi-
tion, a fragment of a polypeptide may comprise an immuno-
oenic fragment (1.e. an epitope-containing fragment) of the
full-length polypeptide, such as a contiguous ammo acid
sequence of at least 50, at least 100, at least 1350, at least
200, at least 250, at least 300, at least 350, at least 400, at
least 450, at least 500 or more amino acids which 1s 1dentical
to a contiguous amino acid sequence of SEQ ID NO:27.
[0060] As noted elsewhere herein, the Zika virus RNA 1s
translated as a polyprotein comprising a prM signal
sequence. The prM signal sequence 1s located N-terminal
to the prM antigen sequence. Cleavage occurs 1n the ER
lumen by a cellular signal peptidase and generates the N
terminus of prM. Where the polyprotein comprises a wild-
type ammo acid sequence, the polyprotein comprises a
native prM signal sequence, SEQ ID NO:3. By “native
prM signal sequence” 1s mtended the amino acid sequence,
or a nucleotide sequence encoding the amino acid sequence,
of a signal sequence of a wild-type viral prME, SEQ ID
NO:3. FIGS. 3A-B and FIG. 4A 1dentify the ammo acid
sequence of several full-length native prM signal sequence
variants from various Zika virus strains.

[0061] In some embodiments, the constructs encode a
native prM signal sequence. Where the prM signal sequence
1s a variant of a native prM signal sequence, the varnant may
comprise an amino acid sequence which 1s at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99%
1dentical to the tull-length polypeptide according to SEQ ID
NO:3. Alternatively, or 1n addition, a fragment of a polypep-
tide may comprise a functional fragment (1.e., containing the
sequence recognized and cleaved by the protease) of the
tull-length polypeptide which may comprise a contiguous
amino acid sequence of at least 9, at least 10, at least 11, at
least 12, at least 13, at least 14, at least 15, at least 16, at least
17 amino acids of SEQ ID NO:3 which 1s identical to a
contiguous amino acid sequence of full-length polypeptide.
[0062] In some embodiments, the construct encodes a het-
erologous, non-Zika signal sequence. In some embodi-
ments, the construct encodes a Japanese Encephalitis Virus
(JEV) signal sequence, a varant, or a fragment thereof, n
place of the Zika prM signal sequence. By “JEV signal
sequence” 18 1ntended the amino acid sequence as set forth
in FIG. 6: MGKRSAGSIMWLASLAWIACAGA (SEQ ID

NO:5). A variant may comprise an amimno acid sequence
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which 18 at least 70%, at least 75%, at least 80%, at least
85%., at least 90%, at least 95%., at least 96%, at least
97%, at least 98%, or at least 99% 1dentical to a tull-length
wild-type polypeptide, for example, to a polypeptide
according to SEQ ID NO:5. Alternatively, or 1n addition, a
fragment of a polypeptide may comprise a functional frag-
ment (1.€., containing the sequence recognized and cleaved
by the protease) of the tull-length polypeptide which may
comprise a contiguous amino acid sequence of at least 15,
at least 16, at least 17, at least 18, at least 19, at least 20, at
least 21, at least 22 at least 23 amino acids, which 18 1den-
tical to a contiguous amino acid sequence of the full-length
polypeptide.

[0063] In some embodiments, the construct encodes a
polypeptide comprising from the N-terminal portion to the
C-terminal portion: a JEV signal sequence and a Zika prtME
antigen, variant, or immunogenic fragment thereof. In some
embodiments, the construct encodes a polypeptide compris-
ing from the N-terminal portion to the C-terminal portion: a
JEV signal sequence, a Zika prM antigen, and a hybrid E
antigen comprising an N-terminal fragment of a Zika E pro-
temn fused to a C-terminal fragment of a JEV E protein.
[0064] In some embodiments, a construct encodes each
component of the polypeptide, if present, juxtaposed 1mme-
diately next to the adjacent component, 1.e., without any
intervening amino acids. In some embodiments, a linker
group of 1, 2, 3, 4, or 5 amino acids 1s present between
one or more of the components.

[0065] In some embodiments, the construct encodes a
polypeptide having a sequence selected from the group con-
sisting of SEQ ID NO:19 and SEQ ID NO:24. In some
embodiments, the construct encodes a polypeptide which
1S at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, at least 95%. at least 96%, at least 97%, at least
98%, or at least 99% 1dentical to a sequence selected from
the group consisting of SEQ ID NO:19 and SEQ ID NO:24.
In some embodiments, the construct encodes a polypeptide
which comprises a fragment of a full-length sequence
selected from the group consisting of SEQ ID NO:19 and
SEQ ID NO:24., wherem the fragment comprises a contig-
uous stretch of the amino acid sequence of the full-length
sequence up to 1, 2, 3,4, 3,6, 7,8, 9, or 10 amino acids
shorter than the full-length sequence.

[0066] In some embodiments, the construct comprises a
DNA sequence selected from the group consisting of SEQ
ID NO:18 and SEQ ID NO:23. In some embodmments, the
construct comprises a DNA sequence which 1s at least 70%,
at least 75%, at least 80%. at least 85%, at least 90%, at least
95%. at least 96%, at least 97%, at least 98%, or at least 99%
1dentical to a sequence selected trom the group consisting of
SEQ ID NO:18 and SEQ ID NO:23. In some embodiments,
the construct comprises a DNA sequence which comprises a
fragment of a full-length sequence selected from the group
consisting of SEQ ID NO:18 and SEQ ID NO:23 wherein
the fragment comprises a contiguous stretch of the DNA
sequence of the full-length sequence up to 1, 2, 3, 4, 5, 6,
7.8, 9 10, 15, 20, 25, or 30 nucleic acids shorter than the
tull-length sequence.

[0067] In some embodiments, the construct comprises an
RINA sequence selected from the group consisting of SEQ
ID NO:39 and SEQ ID NO:40. In some embodiments, the
construct comprises an RNA sequence which 1s at least
70%., at least 75%, at least 80%, at least 85%., at least
90%, at least 95%, at least 96%, at least 97%., at least
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08%, or at least 99% 1dentical to a sequence selected from
the group consisting of SEQ ID NO:39 and SEQ ID NO:40.
In some embodiments, the construct comprises an RNA
sequence which comprises a fragment of a full-length
sequence selected from the group consisting of SEQ ID
NO:39 and SEQ ID NO:40 wherein the fragment comprises
a contiguous stretch of the RNA sequence of the tull-length
sequence up to 1, 2, 3,4, 5, 6,7, 8,9, 10, 15, 20, 25, or 30
nucleic acids shorter than the full-length sequence.

[0068] In some embodiments, the construct comprises a
fragment of a tull-length RNA sequence selected from the
oroup consisting of SEQ ID NO:39 and SEQ ID NO:40,
wherein the fragment comprises a deletion of up to 1, 2, 3,
4.5,6,7,8,9,10, 15, 20, 25, or 30 nucleic acids from the 5'
end, the 3" end, or both the 5" and 3’ ends of the full-length
sequence.

Polypeptides

[0069] In some embodiments, a polypeptide herein 1s 1 a
non-naturally occurring form (e.g. a recombiant or modi-
fied form).

[0070] Forexample, polypeptides (e.g. antigens) disclosed
herein can be prepared by chemucal synthesis (1in whole or in
part), by digesting longer polypeptides using proteases, by
translation from RNA, by purification from cell culture (¢.g.
from recombinant expression), from the organism 1itself, etc.
An exemplary method for production of peptides <40 amino
acids long mvolves 1n vitro chemical synthesis, see the fol-
lowing references: Bodanszky (1993) Principles of Peptide
Synthesis (ISBN: 0387564314); and Fields et al. (1997)
Meth Enzymol 289: Solid-Phase Peptide Synthesis. ISBN:
(0121821900. Solid-phase peptide synthesis techniques,
such as methods based on tBoc or Fmoc chemistry, are
known 1n the art, see the following reference: Chan &
White (2000) Fmoc Solid Phase Peptide Synthesis. ISBN:
(0199637245. Enzymatic synthesis may also be used m part
or 1in full, see the ftollowing reference: Kullmann (1987)
Enzymatic Peptide Synthesis. ISBN: 0849368413. As an
alternative to chemical synthesis, biological synthesis may
be used e.g. the polypeptides may be produced by transla-
tion. This may be carried out 1n vitro or i vivo. Biological
methods are 1n general restricted to the production of poly-
peptides based on L-amino acids, but manipulation of trans-
lation machinery (e.g. of aminoacyl tRNA molecules) can
be used to allow the introduction of D-amino acids (or of
other non- natural amino acids, such as 1odotyrosine or
methylphenylalanine, azidohomoalanine, etc.), see the fol-
lowing reference: Kullmann (1987) Enzymatic Peptide
Synthesis. ISBN: 0849368413. Where D-amino acids are
included, however, 1t 18 preferred to use chemical synthesis.
Polypeptides of the disclosure may have covalent modifica-
tions at the C-termunus and/or N-terminus. They can also
take various forms (e.g. native, fusions, glycosylated, non-
olycosylated, lipidated, non-lipidated, phosphorylated, non-
phosphorylated, myristoylated, non-myristoylated, mono-
meric, multimeric, particulate, denatured, etc.). The poly-
peptides can be naturally or non- naturally glycosylated
(1.¢. the polypeptide may have a glycosylation pattern that
differs trom the glycosylation pattern found in the corre-
sponding naturally occurring polypeptide).

[0071] Non-naturally occurring forms of polypeptides
herem may comprise one or more heterologous amino acid
sequences (e.g. another antigen sequence, another signal
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sequence, a detectable tag, or the like) in addition to a
Zika virus prME antigen sequence or a chimeric Zika virus
prME sequence. For example, a polypeptide herein may be a
fusion protein. Alternatively, or 1n addition, the amino acid
sequence or chemical structure of the polypeptide may be
modified (e.g. with one or more non-natural amino acids,
by covalent modification, and/or or by having a different
olycosylation pattern, for example, by the removal or addi-
tion of one or more glycosyl groups) compared to a natu-
rally-occurring polypeptide sequence.

[0072] Polypeptides (e.g. antigens) disclosed herein are
preferably provided in purified or substantially purified
form 1.e. substantially free from other polypeptides (e.g.
free from naturally-occumng polypeptides), partlcularly
from other Zika virus or host cell polypeptides; for example,
at least about 50% pure (by weight), at least about 60% pure
(by weight), at least about 70% pure (by weight), at least
about 80% pure (by weight), or at least about 90% pure,
ctc. Alternatively, less than about 50%, less than about
40%. less than about 30%, less than about 20%, less than
about 10%, or less than about 5% of a composition 1s
made up of other expressed polypeptides.

Nucleic Acids

[0073] The present inventors disclose herein nucleic acid
molecules comprising a sequence which encodes a Zika
virus prME antigen. Nucleic acids as disclosed herein can
take various forms (e.g. single-stranded, double-stranded,
vectors etc.). Nucleic acids may be circular or branched,
but will generally be linear.

[0074] The nucleic acids used herein are preferably pro-
vided 1 purified or substantially purified form 1.¢. substan-
tially free from other nucleic acids (e.g. free from naturally-
occurring nucleic acids), particularly from other Zika virus
or host cell nucleic acids, generally being at least about 50%
pure (by weight), at least about 60% pure (by weight), at
least about 70% pure (by weight), at least about 80% pure
(by weight), and usually at least about 90% pure (by
weight).

[0075] Nucleic acids may be prepared 1n many ways ¢€.g.
by chemical synthesis (e.g. phosphoramidite synthesis of
DNA) i whole or 1 part, by digesting longer nucleic
acids using nucleases (e.g. restriction enzymes), by joining
shorter nucleic acids or nucleotides (e.g. usmg ligases or
polymerases), from genomic or CcDNA libraries, etc.

[0076] The term “nucleic acid” mn general means a poly-
meric form of nucleotides of any length, which contain
deoxyribonucleotides, ribonucleotides, and/or their analogs.
It includes DNA, RNA, DNA/RNA hybnds. It also includes
DNA or RNA analogs, such as those contamning modified
backbones (¢.g. peptide nucleic acids (PNAs) or phosphor-
othioates) or modified bases. Thus the nucleic acid of the
disclosure 1ncludes mRNA, DNA, cDNA, recombinant
nucleic acids, branched nucleic acids, plasmds, vectors,
etc. Where the nucleic acid takes the form of RNA, 1t may
or may not have a 5' cap.

[0077] The nucleic acids herem comprise a sequence
which encodes at least one Zika virus prtME antigen. Typi-
cally, the nucleic acids of the invention will be 1 recomba-
nant form, 1.e. a form which does not occur 1n nature. For
example, the nucleic acid may comprise one or more hetero-
logous nucleic acid sequences (€.2. a sequence encoding
another antigen and/or a control sequence such as a promo-
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ter or an internal ribosome entry site) in addition to the
sequence encoding at least one Zika virus prME antigen.
The nucleic acid may be part of a vector 1.¢. part of a nucleic
acid construct designed for transduction/transfection of one
or more cell types. Vectors may be, for example, “expres-
sion vectors” which are designed for expression of a nucleo-
tide sequence 1 a host cell, or “viral vectors” which are
designed to result in the production of a recombinant virus
or virus-like particle.

[0078] Alternatively, or mn addition, the sequence or che-
mical structure of the nucleic acid may be modified com-
pared to a naturally-occurring sequence which encodes a
Z1ka virus prME antigen. The sequence of the nucleic acid
molecule may be modified, ¢.g. to increase the efficacy of
expression or replication of the nucleic acid, or to provide
additional stability or resistance to degradation.

[0079] The nucleic acid encoding the polypeptides
described above may be codon optimized. By “codon opti-
mized” 1s intended modification with respect to codon usage
that may mcrease translation etficacy and/or hali- life of the
nucleic acid. A poly A tail (e.g., of about 30 adenosine resi-
dues or more) may be attached to the 3" end of the RINA to
increase its halt-life. The 5" end of the RNA may be capped
with a modified ribonucleotide with the structure m7G (5)
ppp (37 N (cap 0 structure) or a derivative thereof, which
can be incorporated during RNA synthesis or can be enzy-
matically engineered atter RNA transcription (e.g., by using
Vaccima Virus Capping Enzyme (VCE) consisting of
mRNA triphosphatase, guanylyl- transferase and guanine-
7-methytransferase, which catalyzes the construction of
N7-monomethylated cap 0 structures). Cap 0 structure
plays an important role 1n maintaining the stability and
translational efficacy of the RNA molecule. The 5" cap of
the RNA molecule may be further modified by a 2'-O-
Methyltransferase which results m the generation of a cap
1 structure (m7Gppp [m2 '-O] N), which may further
increase translation ethcacy.

[0080] The nucleic acids may comprise one or more
nucleotide analogs or modified nucleotides. As used herein,
“nucleotide analog” or “modified nucleotide” refers to a
nucleotide that contains one or more chemical modifications
(¢.g., substitutions) m or on the nitrogenous base of the
nucleoside (e.g., cytosine (C), thymine (T) or uracil (U)),
adenine (A) or guanine (G)). A nucleotide analog can con-
tain further chemical modifications 1n or on the sugar moiety
ol the nucleoside (e.g., ribose, deoxyribose, modified ribose,
modified deoxyribose, six-membered sugar analog, or open-
chain sugar analog), or the phosphate. The preparation of
nucleotides and modified nucleotides and nucleosides are

well-known 1n the art, see the following references: US
Pat. Nos. 4373071, 4458066, 4500707, 4668777, 4973679,

5047524, 5132418, 5153319, 5262530, 5700642. Many
modified nucleosides and modified nucleotides are commer-
cially available.

[0081] Modified nucleobases which can be incorporated
into modified nucleosides and nucleotides and be present
in the RNA molecules mclude: m5C (5-methylcytidine),
mSU (5-methyluridine), m6A (N6-methyladenosineg), s2U
(2-thiouridine), Um (2'-0-methyluridine), mlA (1-methyla-
denosine); m2A (2-methyladenosine); Am (2-1-0-methyla-
denosine); ms2mo6A (2-methylthio-N6-methyladenosing);
16A  (N6-1sopentenyladenosine); ms216A  (2-methylthio-
No6-1sopentenyladenosine); 106A (N6-(c1s-hydroxyisopente-
nyl)adenosine); ms2106A (2-methylth10-N6-(c1s-hydroxyi-
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sopentenyl) adenosine); gbA (N6-glycinylcarbamoyladeno-
sine); tbA (NG6-threonyl carbamoyladenosine); ms2t6A (2-
methylthio-N6-threonyl carbamoyladenosine); m6t6A (N6-
methyl-N6-threonylcarbamoyladenosine); hn6 A(N6-hydro-
xynorvalylcarbamoyl adenosine); ms2hn6A (2-methylthio-
No6-hydroxynorvalyl carbamoyladenosing);, Ar(p) (2'-0-
ribosyladenosine (phosphate)); I (inosine); mil (1-methyli-
nosine); m'lm (I,2'-0-dimethylinosine); m3C (3-methylcyti-
dine); Cm (2T-0-methylcytidine); s2C (2-thiocytidine);
ac4C (N4-acetyleytidine); SFC (5-fonnyleytidine); mSCm
(5,2-O-dimethylcytidine); ac4Cm (N4acetyl2TOmethylcy-
tidine); k2C (lysidine); mlG (1-methylguanosine); m2G
(N2-methylguanosme); m7G  (7-methylguanosine);, Gm
(2'-0-methylguanosine);, m22G  (N2,N2-dimethylguano-
sine); m2Gm  (N2,2'-0-dimethylguanosine); m22Gm
(N2,N2,2'-0-tnimethylguanosine); Gr(p) (2'-0-ribosylguano-
sine (phosphate)); yW (wybutosine); 02yW (peroxywybuto-
sine); OHyW (hydroxywybutosine); OHyW™* (undermodi-
fied hydroxywybutosine); 1mmG (wyosine); mumG
(methylguanosine); Q (queuosine); oQQ (epoxyqueuosine);
oalQ (galtactosyl-queuosine); manQ (mannosyl-queuosine);
preQo (7-cyano-7-deazaguanosine); preQi (7-amimomethyl-
7-deazaguanosine); G* (archaeosine);, D (dihydrouridine);
mSUm  (5,2'-0-dimethyluridine); s4U  (4-thiouridine);
m>5s2U (5-methyl-2-thiouridine); s2Um (2-thio-2'-0-methy-
luridine); acp3U  (3-(3-amino-3-carboxypropyl)uridine);
hoSU  (5-hydroxyuridine); moSU (5-methoxyuriding);
cmodU (uridine S-oxyacetic acid); memoSU (uridine 5-0xy-
acetic acid methyl ester); chmSU (5-(carboxyhydroxy-
methyDuridine)); mchm3U (5-(carboxyhydroxymethyl)uri-
dine methyl ester);, memdU  (5-methoxycarbonyl
methyluridine); memSUm  (S-methoxycarbonylmethyl-2-
O-methyluridine); mem3s2U  (5-methoxycarbonylmethyl-
2-thiounidine); nm3s2U  (S-aminomethyl-2-thiouridine);
mnm>SU  (5-methylaminomethyluridine);, mnm5s2U  (5-
methylaminomethyl-2-thiouridine); mnm5Sse2U (5-methy-
laminomethyl-2-selenouridine); nemdU  (5-carbamoyl-
methyl uridine); ncmSUm (5-carbamoylmethyl-2'-0-methy-
luridine); connm3SU (3-carboxymethylaminomethyluridine);
cnmm3SUm (5-carboxymethy 1 amimmomethyl-2-L-Omethyl
uridine); cmnmds2U  (5-carboxymethylaminomethyl-2-
thiounidine); m62A (N6,N6-dimethyladenosine); Tm (2'-0-
methylinosine); m4C (N4-methylcytidine); m4Cm (N4,2-0-
dimethylcytidine); hm5C (5-hydroxymethylcytidine); m3U
(3-methyluridine); cmSU (5-carboxymethyluridine); m6Am
(N6, T-0-dimethyladenosine); m62Am  (N6,N6,0-2-tr1-
methyladenosinge), m2'7G (N2,7-dimethylguanosine);
m2'2'7G (N2,N2,7-trimethylguanosine); m3Um (3,2T-0-
dimethyluridine); m3SD (5-methyldihydrouridine); £5Cm
(5-formyl-2'-0-methylcytidine); mlGm (1,2°-0-dimethylgua-
nosine); m'Am (1,2-O-dimethyl adenosine) irmomethyluri-
dine); tm5s2U (S-taurinomethyl-2-thiouridine)); mG-14 (4-
demethyl guanosine); 1mG2 (1soguanosine); ac6A (N6-acet-
yladenosine), hypoxanthine, mnosine, 8-oxo-adenine, 7-sub-
stituted derivatives thereot, dihydrouracil, pseudouracil, 2-
thiouracil, 4-thiouracil, S-aminouracil, 5-(Ci-Ce)-alkylura-
cil, S-methyluracil, 5-(C2-C6)-alkenyluracil, 5-(C2-Ce¢)-
alkynyluracil, 5-(hydroxymethyl)uracil, 5-chlorouracil, 53-
fluorouracil, 5-bromouracil, 5-hydroxycytosine, 5-(Ci-C6
)-alkylcytosme, S-methylcytosine, 5-(C2-Cé6)-alkenylcyto-
sine, 5-(C2-C6)-alkynylcytosine, S-chlorocytosine, S-fluor-
ocytosine, S-bromocytosine, N2-dimethylguanine, 7-deaza-
guanine, 8-azaguanmine, 7-deaza-7-substituted guanine, 7-
deaza-7-(C2-C6)alkynylguanine, 7-deaza-8-substituted
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guanine, 8-hydroxyguanine, 6-thioguanine, 8-oxoguanine,
2-aminopurine, 2-amino-6-chloropurine, 2.4-diaminopur-
ine, 2,6-diamimopurine, 8-azapurine, substituted 7-deaza-
purine, 7-deaza-7-substituted purine, 7-deaza-8-substituted
purine, hydrogen (abasic residue), m5C, mSU, mo6A, s2U,
W, or 2'-0-methyl-U. Many of these modified nucleobases
and their corresponding ribonucleosides are available from
commercial suppliers.

Nucleic Acid-based Vaccines

[0082] The present mventors disclose compositions com-
prising a nucleic acid sequence which encodes a polypeptide
comprising a Zika virus antigen, variant or fragment thereof.
Such compositions may be a nucleic acid-based vaccine. A
further composition comprising a nucleic acid sequence
which encodes one or more additional (e.g., a second,
third, fourth, fifth or sixth) Zika virus antigens may also be
provided as a nucleic acid-based vaccine. In some embodi-
ments, a composition comprises a nucleic acid sequence
encoding a Zika virus prME antigen from a first Zika virus
strain and an additional nucleic acid sequence encoding an
additional Zika virus prME antigen from one or more other
strains of Zika virus. In some embodiments, a composition
comprises a nucleic acid sequence encoding a Zika virus
prtME antigen and one or more additional (e.g., a second,
third, fourth, fifth or sixth) Zika virus antigen. Alternatively,
one or more additional non-Zika virus antigens may be
encoded.

[0083] The nucleic acid may, for example, be RNA (1.e. an
RNA-based vaccine) or DNA (1.¢. a DNA-based vaccine,
such as a plasmud DNA vaccine). In certain embodiments,
the nucleic acid-based vaccine 1s an RNA-based vaccine. In
certain embodiments, the RNA-based vaccine comprises a
self-replicating RNA molecule, also referred to herein as a
self-amplitying mRNA (SAM) molecule. The self-replicat-
ing RNA molecule may be an alphavirus-derived RNA
replicon.

[0084] Self-replicating RNA molecules are well known 1n
the art and can be produced by using replication elements
dertved from, e.g., alphaviruses, and substituting the struc-
tural viral protems with a nucleotide sequence encoding a
protein of mterest. A selt-replicating RNA molecule 1s typi-
cally a +-strand molecule which can be directly translated
after delivery to a cell, and this translation provides a RNA-
dependent RNA polymerase which then produces both anti-
sense and sense transcripts from the delivered RNA. Thus,
the delivered RNA leads to the production of multiple
daughter RNAs. These daughter RNAs, as well as collinear
subgenomic transcripts, may be translated themselves to
provide 1 situ expression of an encoded antigen (1.€. a
/Z1ka virus prtM-F antigen), or may be transcribed to provide
further transcripts with the same sense as the delivered RNA
which are translated to provide 1 situ expression of the anti-
oen. The overall result of this sequence of transcriptions 1s a
huge amplification 1n the number of the mtroduced replicon
RNAs and so the encoded antigen becomes a major poly-
peptide product of the cells.

[0085] One suitable system for achieving self-replication
in this manner 1s to use an alphavirus-based replicon. These
replicons are +-stranded (positive sense-stranded) RNASs
which lead to translation of a replicase (or replicase-tran-
scriptase) after delivery to a cell. The replicase 1s translated
as a polyprotem which auto-cleaves to provide a replication
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complex which creates genomic-strand copies of the
+-strand delivered RNA. These negative (-)-stranded tran-
scripts can themselves be transcribed to give further copies
of the +-stranded parent RNA and also to give a subgenomic
transcript which encodes the antigen. Translation of the sub-
genomic transcript thus leads to 1n situ expression of the
antigen by the infected cell. Suitable alphavirus replicons
can use a replicase from a Sindbis virus, a Semliki forest
virus, an eastern equine encephalitis virus, a Venezuelan
equine encephalitis virus, etc. Mutant or wild-type virus
sequences can be used e.g. the attenuated TC83 mutant of
VEEV has been used 1n replicons, see the following refer-
ence: W0O2005/113782, the context of which 1s incorporated
by reference.

[0086] In certain embodiments, the self-replicating RNA
molecule described heremn encodes (1) a RNA-dependent
RNA polymerase which can transcribe RNA from the seli-
replicating RNA molecule and (11) a Zika virus prME anti-
gen. The polymerase can be an alphavirus replicase e.g.
comprising on¢ or more of alphavirus proteins nsPI, nsP2,
nsP3 and nsP4.

[0087] Whereas natural alphavirus genomes encode struc-
tural virion protemns 1n addition to the non-structural repli-
case polyprotemn, 1n certain embodiments, the self-replicat-
ing RNA molecules do not encode alphavirus structural
protems. Thus, the self-replicating RNA can lead to the pro-
duction of genomic RNA copies of itself 1n a cell, but not to
the production of RNA-containing virions. The 1nability to
produce these virions means that, unlike a wild-type alpha-
virus, the self-replicating RNA molecule cannot perpetuate
itself 1n infectious form. The alphavirus structural proteins
which are necessary for perpetuation m wild- type viruses
are absent from self-replicating RNAs of the present disclo-
sure and their place 1s taken by gene(s) encoding the 1mmu-
nogen of interest, such that the subgenomic transcript
encodes the immunogen rather than the structural alphavirus
virion proteins.

[0088] Thus, a self-replicating RNA molecule useful with
the mvention may have two open reading frames. The first
(5') open reading frame encodes a replicase; the second (3°)
open reading frame encodes an antigen. In some embodi-
ments, the RNA may have additional (e.g. downstream)
open reading frames €.g. to encode further antigens or to
encode accessory polypeptides.

[0089] In certain embodiments, the self-replicating RNA
molecule disclosed herein has a 5" cap (e.g. a 7-methylgua-
nosine). This cap can enhance 1 vivo translation of the
RNA. In some embodiments, the 5" sequence of the seli-
replicating RNA molecule must be selected to ensure com-
patibility with the encoded replicase.

[0090] A self-replicating RNA molecule may have a 3
poly-A tail. It may also include a poly- A polymerase recog-
nition sequence (€.2. AAUAAA) near 1ts 3" end.

[0091] Self-replicating RNA molecules can have various
lengths but they are typically 5000-25000 nucleotides long.
Self-replicating RNA molecules will typically be single-
stranded. Single-stranded RNAs can generally mitiate an
adjuvant effect by binding to TLR7, TLRSE, RNA helicases
and/or PKR. RNA delivered mm double-stranded form
(dsRNNA) can bind to TLR3, and this receptor can also be
triggered by dsRNA which 1s formed either during replica-
tion of a single-stranded RNA or within the secondary struc-
ture of a smgle-stranded RNA.
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[0092] The self-replicating RNA can conveniently be pre-
pared by m vitro transcription (IVT). IVT can use a (CDNA)
template created and propagated 1n plasmid form 1n bacteria,
or created synthetically (for example by gene synthesis and/
or polymerase chain-reaction (PCR) engineering methods).
For 1nstance, a DNA-dependent RNA polymerase (such as
the bacteriophage 17, T3 or SP6 RNA polymerases) can be
used to transcribe the self-replicating RNA from a DNA
template. Appropriate capping and poly-A addition reac-
tions can be used as required (although the replicon’s
poly-A 1s usually encoded within the DNA template).
These RNA polymerases can have stringent requirements
for the transcribed 35" nucleotide(s) and m some embodi-
ments these requirements must be matched with the require-
ments of the encoded replicase, to ensure that the IV I-tran-
scribed RNA can function efficiently as a substrate for its
self-encoded replicase.

[0093] A seli-replicating RNA can include (in addition to
any 5' cap structure) one or more nucleotides having a mod-
ified nucleobase. A RNA used with the mvention 1deally
includes only phosphodiester linkages between nucleosides,
but 1n some embodiments, 1t can contain phosphoramidate,
phosphorothioate, and/or methylphosphonate linkages.
[0094] The self-replicating RNA molecule may encode a
single heterologous polypeptide antigen (1.e. a Zika virus
ptME antigen) or, optionally, two or more heterologous
polypeptide antigens linked together 1n a way that each of
the sequences retains its 1identity (e.g., linked 1n series) when
expressed as an amino acid sequence. The heterologous
polypeptides generated from the self-replicating RINA may
then be produced as a tusion polypeptide or engineered n
such a manner to result 1n separate polypeptide or peptide
sequences.

[0095] The seli-replicating RNNA molecules described
herem may be engineered to express multiple nucleotide
sequences, from two or more open reading frames, thereby
allowing co-expression of proteins, such as one, two or
more Zika virus antigens (e.g. one, two or more Zika virus
prME antigens) together with cytokines or other immuno-
modulators, which can enhance the generation of an
immune response. Such a self-replicating RNA molecule
might be particularly useful, for example, 1n the production
of various gene products (e.g., proteins) at the same time, for
example, as a bivalent or multivalent vaccine.

[0096] If desired, the self-replicating RNA molecules can
be screened or analyzed to confirm their therapeutic and pro-
phylactic properties using various 1n vitro or 1 vivo testing
methods that are known to those of skill 1n the art. For exam-
ple, vaccines comprising self-replicating RNA molecule can
be tested for their effect on mduction of proliferation or
effector function of the particular lymphocyte type of mnter-
est, e.g., B cells, T cells, T cell lines, and T cell clones. For
example, spleen cells from immunmized mice can be 1solated
and the capacity of cytotoxic T lymphocytes to lyse autolo-
oous target cells that contain a self-replicating RNA mole-
cule that encodes a Zika virus prME antigen. In addition, T
helper cell differentiation can be analyzed by measuring
proliferation or production of TH1 (IL-2 and IFN-y) and
for TH2 (IL-4 and IL-5) cytokines by ELISA or directly in
CD4+ T cells by cytoplasmic cytokine staining and flow
cytometry.

[0097] Self-replicating RNA molecules that encode a Zika
virus prME antigen can also be tested for ability to mduce
humoral immune responses, as evidenced, for example, by
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induction of B cell production of antibodies specific for a
Zika virus prME antigen of interest. These assays can be
conducted using, for example, peripheral B lymphocytes
from mmmunized mdividuals. Such assay methods are
known to those of skill 1n the art. Other assays that can be
used to characterize the selt-replicating RNA molecules can
involve detecting expression of the encoded Zika virus
prME antigen by the target cells. For example, FACS can
be used to detect antigen expression on the cell surface or
intracellularly. Another advantage of FACS selection 1s that
one can sort for different levels of expression; sometimes-
lower expression may be desired. Other suitable method for
identitying cells which express a particular antigen mvolve
panmng using monoclonal antibodies on a plate or capture
using magnetic beads coated with monoclonal antibodies.
[0098] In some embodiments, the self-replicating RNA
molecules comprise a sequence selected from the group
consisting of SEQ ID NO:36 and SEQ ID NO:37. In some
embodiments, the self-replicating RNA molecules comprise
a sequence which 1s at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%. at least 96%, at least
97%, at least 98%, or at least 99% 1dentical to a sequence
selected from the group consisting of SEQ ID NO:36 and
SEQ ID NO:37. In some embodiments, the selt-replicating
RNA molecule comprises a fragment of a full-length
sequence selected from the group consisting of SEQ ID
NO:36 and SEQ ID NO:37 wherein the fragment comprises
a contiguous stretch of the nucleic acid sequence of the full-
length sequence upto 1, 2,3,4,5,6,7,8,9, 10, 15, 20, 25,
or 30 nucleic acids shorter than full-length sequence.
[0099] In some embodiments, a DNA sequence encoding
a self-replicating RNA molecule 1s provided, said DNA
sequence selected from the group consisting of SEQ ID
NO:33 and SEQ ID NO:34. In some embodments, DNA
sequence encoding a self-replicating RNA molecule com-
prises a sequence which 1s at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% 1dentical to a
sequence selected from the group consisting of SEQ ID
NO:33 and SEQ ID NO:34. In some embodiments, the
DNA sequence encoding a self-replicating RNA molecule
comprises a fragment of a full-length sequence selected
from the group consisting of SEQ ID NO:33 and SEQ ID
NO:34 wherein the fragment comprises a contiguous stretch
of the nucleic acid sequence of the full-length sequence up
tol,2,3,4,5,6,7,8,9, 10, 15, 20, 25, or 30 nucleic acids
shorter than full-length sequence.

[0100] The nucleic acid-based vaccine may comprise a
viral or a non-viral delivery system. The delivery system
(also referred to herein as a delivery vehicle) may have adju-
vant effects which enhance the mmmunogenicity of the
encoded Zika virus prME antigen. For example, the nucleic
acid molecule may be encapsulated in liposomes, non-toxic
biodegradable polymeric microparticles or viral replicon
particles (VRPs), or complexed with particles of a cationic
oll-in-water emulsion. In some embodiments, the nucleic
acid-based vaccine comprises a cationic nano-emulsion
(CNE) delivery system or a lipid nanoparticle (LNP) deliv-
ery system. In some embodiments, the nucleic acid-based
vaccine comprises a non-viral delivery system, 1.¢., the
nucleic acid-based vaccine 1s substantially free of viral cap-
sid. Alternatively, the nucleic acid-based vaccine may com-
prise viral replicon particles. In other embodiments, the
nucleic acid-based vaccine may comprise a naked nucleic
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acid, such as naked RNA (e.g. mRNA), but delivery via
CNEs or LNPs 1s preferred.

[0101] In certain embodiments, the nucleic acid-based
vaccine comprises a cationic nano-emulsion (CNE) delivery
system. CNE delivery systems and methods for their pre-
paration are described 1 the {following reference:
WO02012/006380. In a CNE delivery system, the nucleic
acid molecule (e.g. RNA) which encodes the antigen 1s com-
plexed with a particle of a cationic oil-in-water emulsion.
Cationic oil-m-water emulsions can be used to deliver nega-
tively charged molecules, such as an RNA molecule to cells.
The emulsion particles comprise an o1l core and a cationic
lipid. The catiomic hipid can mteract with the negatively
charged molecule thereby anchoring the molecule to the
emulsion particles. Further details of useful CNEs can be
found m the {following references: W0O2012/006380;
WO02013/006834; and WO2013/006837 (the contents of
cach of which are incorporated herein 1 their entirety).
[0102] Thus, 1n a nucleic acid-based vaccine of the mven-
tion, an RNA molecule encoding a Zika virus prME antigen
may be complexed with a particle of a cationic oil-in-water
emulsion. The particles typically comprise an o1l core (e.g. a
plant o1l or squalene) that 1s 1n liquid phase at 25° C,, a
cationic lipid (e.g. phospholipid) and, optionally, a surtac-
tant (e.g. sorbitan trioleate, polysorbate 80); polyethylene
glycol can also be included. In some embodiments, the
CNE comprises squalene and a cationic lipid, such as 1,2-
dioleoyloxy-3-(trimethylammonio)propane (DOTAP). In
some preferred embodiments, the delivery system 18 a non-
viral delivery system, such as CNE, and the nucleic acid-
based vaccine comprises a seltf-replicating RNA (mRNA).
This may be particularly effective 1n eliciting humoral and
cellular immune responses. Advantages also include the
absence of a limiting anti-vector immune response and a
lack of risk of genomic integration.

[0103] Insome embodiments, an RNA molecule encoding
a Zika virus prME antigen may be complexed with a sub-
micron cationic oil-mm-water emulsion. In some embodi-
ments, the cationic oil-in-water emulsion 1s characterized
by an average particle size of from about 80 nm to 180 nm
in diameter (or alternatively from about 80 to about 150 nm;
from about 80 to 130 nm; or from about 100 nm). In some
embodiments, the concentration of DOTAP 1n said emul-
sion, before RNA complexation, 1s at least about 2.5 mM,
or from about 2.5 mM to about 8 mM. In a particular embo-
diment, the concentration of DOTAP 1n said emulsion 1s
about 4 mg/ml (5.73 mM). The o1l can be squalene or

squalane.
[0104] In some embodiments, an RNA molecule encoding

a Zika virus prME antigen 1s complexed to a cationic o1l-1n-
water emulsion comprising DOTAP, squalene, sorbitan
trioleate and polysorbate 80 1n citrate butter. Cationic o1l-
in-water emulsions suitable for delivery of an RNA mole-
cule encoding a Zika virus prME antigen may contain about
2 mg/ml to 7 mg/ml DOTAP; about 3 mg/ml to 6 mg/ml
Span 85; about 3 mg/ml to 6 mg/ml TWEEN™ &(; and
about 30 mg/ml to 50 mg/ml squalene. In certain embodi-
ments, the cationic oi1l-in-water emulsion, before complex-
ing with RNA, contains about 4.3% w/v squalene, 0.5%
TWEEN™ 80, 0.5% SPANSS, and 4 mg/mlL. DOTAP.

[0105] Also provided 1s a method of preparing a composi-
tion comprising an RNA molecule encoding a Zika virus
prME anfigen complexed to a cationic oil-in-water emul-
sion, the method comprising: (1) providing an oil-in-water
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emulsion as described heremn; (1) providing an aqueous
solution comprising the RNA molecule; and (111) combining
the aqueous solution of (11) and the o1l-in-water emulsion of
(1), thereby preparing the composition. If desired, the aqu-
cous solution comprising the RNA molecule may be a bul-
fer. The buffer may comprise one or more salt, buffer, sac-
charide, or polymer. In a preferred embodiment, the butter
comprises 560 mM sucrose, 20 mM NaCl, and 10 mM
citrate, which can be mixed with a cationic o1l in water
emulsion described heremn to produce a final aqueous
phase that comprises 280 mM sucrose, 10 mM NaCl and
10 mM citrate.

[0106] LNP delivery systems and non-toxic biodegradable
polymeric microparticles, and methods for their preparation
are described 1n the following references: WO2012/006376
(LNP and microparticle delivery systems); Geall et al.
(2012) PNAS USA. Sep 4; 109(36): 14604-9 (LNP delivery
system); and WO2012/006359 (microparticle delivery sys-
tems). LNPs ar¢ non- virion liposome particles in which a
nucleic acid molecule (¢.g. RNA) can be encapsulated. The
particles can include some external RNA (e.g. on the surface
of the particles), but at least half of the RNA (and 1deally all
of 1t) 1s encapsulated. Liposomal particles can, for example,
be formed of a mixture of zwitterionic, cationic and anionic
lipids which can be saturated or unsaturated, for example;
DSPC (zwitterionic, saturated), DliinDMA (cationic, unsatu-
rated), and/or DMG (anionic, saturated). Preferred LNPs for
use¢ with the mvention mclude an amphiphilic lipid which
can form lhiposomes, optionally i combination with at
least one cationic lipid (such as DOTAP, DSDMA,
DODMA, DLmDMA, DLenDMA, etc.). A mixture of
DSPC, DlinDMA, PEG-DMG and cholesterol 1s particu-
larly eftective. Other useful LNPs are described 1n the fol-
lowing references: WO2012/006376; W0O2012/030901;

WO02012/031046; WO2012/031043; WO2012/006378;
WO2011/076807;, WO2013/033563; WO2013/006825;
WO02014/136086;, WO2015/095340; WO2015/095346;

W02016/037053. In some embodiments, the LNPs are
RVO1 liposomes, see the following references: WO2012/
006376 and Geall et al. (2012) PNAS USA. Sep 4;
109(36): 14604-9.

Pharmaceutical Compositions; Immunogenic
Compositions

[0107] The disclosure provides compositions comprising
a nucleic acid comprising a sequence which encodes a
Zika virus polypeptide, for example a Zika virus prME anti-
oen. The composition may be a pharmaceutical composi-
tion, €.g., an IMmunogenic composition or a vaccine com-
position. Accordingly, the composition may also comprise a
pharmaceutically acceptable carrier. In some embodiments,
the Zika virus 1s a Brazilian strain Zika virus.

[0108] A “pharmaceutically acceptable carrier” includes
any carrier that does not 1tself induce the production of anti-
bodies harmtul to the individual recerving the composition.
Suitable carriers are typically large, slowly metabolized
macromolecules such as proteins, polysaccharides, polylac-
tic acids, polyglycolic acids, polymeric amino acids, amino
acid copolymers, sucrose, trehalose, lactose, and lipid
aggregates (such as o1l droplets or liposomes). Such carriers
are well known to those of ordinary skill in the art. The
compositions may also contain a pharmaceutically accepta-
ble diluent, such as water, saline, glycerol, etc. Additionally,
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auxiliary substances, such as wetting or emulsifying agents,
pH butfering substances, and the like, may be present. Ster-
1le pyrogen-free, phosphate-bufiered physiologic saline 1s a
typical carrier.

[0109] Pharmaceutical compositions may include the con-
structs, nucleic acid sequences, and/or polypeptide
sequences described elsewhere herein m plain water (e.g.
“w.1.1.”) or 1n a buffer e.g. a phosphate butter, a Tris buffer,
a borate buffer, a succinate bufter, a histidine bufter, or a
citrate buftfer. Buffer salts will typically be mcluded 1n the
5-20 mM range. Pharmaceutical compositions may have a
pH between 5.0 and 9.5 ¢.g. between 6.0 and 8.0. Composi-
tions may include sodium salts (e.g. sodium chloride) to
give tonicity. A concentration of 10+2 mg/ml. NaCl 1s typi-
cal, ¢.g. about 9 mg/mL. Compositions may include metal
1on chelators. These can prolong RNA stability by removing
1ons which can accelerate phosphodiester hydrolysis. Thus a
composition may mclude one or more of EDTA, EGTA,
BAPTA, pentetic acid, etc. Such chelators are typically pre-
sent at between 10-300 uM ¢.g. 0.1 mM. A citrate salt, such
as sodium citrate, can also act as a chelator, while advanta-
geously also providing buiferng activity. Pharmaceutical
compositions may have an osmolality of between
200 mOsm/kg and 400 mOsm/kg, e.g. between 240-
360 mOsm/kg, or between 290-310 mOsm/kg. Pharmaceu-
tical compositions may include one or more preservatives,
such as thiomersal or 2-phenoxyethanol. Mercury-free com-
positions are preferred, and preservative-free vaccines can
be prepared. Pharmaceutical compositions may be aseptic
or sterile. Pharmaceutical compositions may be non-pyro-
ogenic €.g. contaming <1 EU (endotoxin unit, a standard
measure) per dose, and preferably <0.1 EU per dose. Phar-
maceutical compositions may be gluten free. Pharmaceuti-
cal compositions may be prepared mn unit dose form. In
some¢ embodiments, a unit dose may have a volume of
between 0.1-1.0 mL ¢.g. about 0.5 mlL.

[0110] In some embodiments, the compositions disclosed
herem are immunogenic composition that, when adminis-
tered to a subject, mnduce a humoral and/or cellular anti-
gen-specific immune response (1.€. an 1mMmune response
which specifically recognizes a naturally occurring Zika
virus polypeptide). For example, an immunogenic composi-
tion may induce a memory T and/or B cell population rela-
tive to an untreated subject following Zika virus infection,
particularly 1n those embodiments where the composition
comprises a nucleic acid comprising a sequence which
encodes a Zika virus prME antigen or comprises a Zika
virus antigen. In some embodiments, the subject 1s a verte-
brate, such as a mammal ¢.g. a human or a vetermary

mammal.
[0111] The compositions of the mvention can be formu-

lated as vaccine compositions. The vaccine will comprise
an 1mmunologically etfective amount of antigen. By “an
immunologically effective amount” 1s intended that the
administration of that amount to a subject, either 1 a smgle
dose or as part of a series, 1s eftective for inducing a measur-
able immune response against Zika virus in the subject. This
amount varies depending upon the health and physical con-
dition of the individual to be treated, age, the taxonomic
oroup of individual to be treated (e.g. human, non-human
primate, etc.), the capacity of the individual’s immune sys-
tem to synthesize antibodies, the degree of protection
desired, the formulation of the composition or vaccine, the
treating doctor’s assessment of the medical situation, the
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severity of the disease, the potency of the compound admi-
nistered, the mode of administration, and other relevant fac-
tors. It 1s expected that the amount will fall in a relatively
broad range that can be determined through routine trials.
Vaccines as disclosed heremn may either be prophylactic
(1.¢. to prevent infection) or therapeutic (1.e. to treat mnfec-
tion), but will typically be prophylactic. In some embodi-
ments, the vaccme compositions disclosed herein may
induce an effective immune response agamst a Zika virus
infection, 1.¢., a response sutficient for treatment or preven-
tion of a Zika virus ifection.

[0112] In some embodiments, the composition further
comprises an additional antigen. In some embodiments,
the composition 1s administered to a subject i combination
with a further composition which comprises an additional
antigen.

[0113] A composition of the present disclosure may also
comprise, or be admmistered 1n conjunction with, one or
more adjuvants (e.g. vaccine adjuvants), in particular
where the composition comprises an mmmunologically
effective amount of a nucleic acid encoding a Zika virus
prME antigen or a Zika virus prME antigen. By adjuvant
1s intended that 1s capable of increasing an immune response
against an antigen compared to administration of said anti-
oen alone. In some aspects, adjuvant compositions as dis-
closed heremn further comprise one or more 1mmunostimu-
lants, for example, a saponin such as QS21.

[0114] Adjuvants which may be used 1n compositions of
the invention include, but are not limited to: (A) Mineral-
containing compositions, for example aluminum and cal-
cium salts, such as aluminum phosphates. (B) O1l emul-
sions, for example squalene-in-water emulsions, such as
MFE59 or ASO3. Complete Freund’s adjuvant (CFA) and
mcomplete Freund’s adjuvant (IF A) may also be used.
(C) Saponin formulations. (D) Virosomes and virus-like
particles (VLPs). (E) Bacterial or microbial derivatives
such as non-toxic derivatives of enterobacterial lipopoly-
saccharide (LPS), Lipid A derivatives, immunostimula-
tory oligonucleotides and ADP-ribosylating toxins and
detoxified derivatives thereof. (F) Human immunomodu-
lators, for example cytokines, such as interleukins, inter-
terons, macrophage colony stimulating factor, and tumor
necrosis factor. (G) Bioadhesives and mucoadhesives,
such as esterified hyaluronic acid microspheres, cross-
linked derivatives of poly(acrylic acid), polyvinyl alco-
hol, polyvinyl pyrollidone, polysaccharides and carboxy-
methylcellulose. (H) Microparticles, for example parti-
cles of ~100 nm to ~150 um 1n diameter, more
preferably ~200 nm to ~30 um 1n diameter, and most pre-
ferably ~500 nm to ~10 um 1n diameter) formed from
materials that are biodegradable and non-toxic (¢.g. a
poly(a-hydroxy acid), a polyhydroxybutyric acid, a poly-
orthoester, a polyanhydride, a polycaprolactone, etc.),
with poly(lactide-co-glycolide) are preferred, optionally
treated to have a negatively-charged surface (e.g. with
SDS) or a positively-charged surface (e.g. with a cationic
detergent, such as CTAB). (I) Liposomes. (J) Polyox-
yethylene ether and polyoxyethylene ester formulations.
(K) Polyphosphazene (PCPP). (L) Muramyl peptides.
(M) Imidazoquinolone compounds, for example Imiqua-
mod and 1ts homologues.

[0115] Combinations of one or more of the adjuvants 1den-
tified above may also be used with the mvention.
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Methods of Use/Uses

[0116] In some embodiments are provided methods for
inducing an mmmune response against a Zika virus mfection
1in a subject 1 need thereol comprising a step of administer-
ing an immunologically etfective amount of a construct or
composition as disclosed herein. In some embodiments are
provided the use of the constructs or compositions disclosed
herem for mducing an mmmune response to a Zika virus
prME antigen 1n a subject 1n need thereof. In some embodi-
ments are provided the use of the constructs or compositions
disclosed herein for inducing an immune response against a
Z1ka virus infection 1 a subject. In some embodiments are
provided use of the construct or composition as disclosed
heremn 1n the manufacture of a medicament that induces an
immune response to a Zika virus infection m a subject. By
“subject” 1s mtended a vertebrate, such as a mammal ¢.g. a
human or a vetermary mammal. In some embodiments, the
subject 18 human. By “mmune response” 1s mtended a
humoral and/or cellular antigen-specific immunological
response (1.€. an immune response which specifically recog-
nizes an antigen polypeptide) that can be demonstrated to
neutralize Zika virus m vitro or control/reduce/eliminate
/Z1ka virus mfection m vivo.

[0117] In some embodiments, the mmune response 1s
characterized by immunological memory against the Zika
virus and/or an effective Zika virus-responsive memory T
cell population.

[0118] In some embodiments the composition comprises
an RNA molecule encoding a polypeptide selected from
the group consisting of SEQ ID NO:19 and SEQ ID
NO:24. In some embodiments, the composition comprises
an RNA molecule encoding a polypeptide which 1s at least
70%, at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, at least 96%, at least 97%, at least 98%. or at
least 99% 1dentical to a sequence selected from the group
consisting of SEQ ID NO:19 and SEQ ID NO:24. In some
embodiments, the composition comprises an RNA molecule
encoding a polypeptide which comprises a fragment of a
full-length sequence selected from the group consisting of
SEQ ID NO:19 and SEQ ID NO:24, wherem the fragment
comprises a contiguous stretch of the amino acid sequence
of the full-length sequenceupto 1,2,3,4,5,6,7,8,9, or 10
amino acids shorter than full-length sequence.

[0119] In some embodiments 18 provided a construct, a
vector, a self-replicating RNA and/or molecule as described
herem for use 1n therapy or medicine. In some embodiments,
the compositions disclosed herein are for use 1n therapy or
medicine. In preferred embodiment, the therapy 1s a vaccine
therapy. Preferably the therapy 1s vaccme to prevent Zika
virus mfection.

[0120] In some embodiments 1s provided a construct, a
vector, a self-replicating RNA and/or molecule as described
herem for use 1n preventing or treating Zika virus mfection
1n a subject 1 need thereof.

[0121] In some embodiments, the compositions disclosed
herem are for use 1n preventing or treating Zika virus infec-
tion 1 a subject 1n need thereof.

[0122] In some embodiments, the compositions disclosed
herein are for use m inducing an i1mmune response against a
Z1ka virus mfection 1 a subject 1n need thereot.

[0123] In some embodiments 1s provided a construct, a
vector, a self-replicating RNA molecule, and/or a composi-
tion as described herein for use mn a method of inducing an
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immune response to a Zika virus infection 1n a subject 1n
need thereof.

[0124] In some embodiments, methods are provided for
preventing or shortening Zika virus mfection and/or redu-
cing or preventing the clinical symptoms upon Zika virus
infection m a subject 1in need thereof, which comprises
administering to said subject an immunologically effective
amount of an immunogenic composition as provided herein.
[0125] In some embodiments 1s provided use of a con-
struct or composition disclosed heremn mm the manufacture
of an immunogenic composition for preventing or shorten-
ing Zika virus infection 1n a subject and/or reducing or pre-
vent the clinical symptoms upon Zika virus infection 1n a
subject.

[0126] In some embodiments, methods are provided for
preventing or reducing transmission of a Zika virus mfec-
tion from one subject to another. In specific embodiments,
methods are provided for preventing or reducing transmis-
sion of a Zika virus mfection to a fetus across the placental
barrier. In some embodiments, a composition as described
herein 1s admimistered to a woman 1 an amount effective to
prevent transmission of a Zika virus mfection across the pla-
cental barrier.

[0127] In some embodiments 1s provided use of a con-
struct or composition disclosed herein in the manufacture
of an immunogenic composition for preventing or reducing
transmission of a Zika virus 1nfection to a fetus across the
placental barrier.

[0128] In some embodiments 1s provided a construct, a
vector, a self-replicating RNA molecule, and/or a composi-
tion as described herein for use 1n a method of preventing or
reducing transmission of a Zika virus infection to a fetus

across the placental barrier.
[0129] In some embodiments, the subject 1s a human sub-

ject. In specific embodiments, the human subject has been
exposed, or 1s at risk of being exposed, to a Zika virus
infection.

Routes of Administration/Dosages

[0130] Compositions disclosed herein will generally be
administered directly to a subject. Direct delivery may be
accomplished by parenteral mnjection {e.g. subcutaneously,
intraperitoneally, mtravenously, mtramuscularly, mtrader-
mally, or to the interstitial space of a tissue). Alternative
delivery routes include rectal, oral (e.g. tablet, spray), buc-
cal, sublingual, vagmal, topical, transdermal or transcuta-
neous, mtranasal, ocular, aural, pulmonary or other mucosal
administration. Intradermal and mtramuscular administra-
tion are two preferred routes. Injection may be via a needle
(e.g. a hypodermic needle), but needle-free mjection may
alternatively be used. A typical human intramuscular dose
volume 1s 0.5 ml.

[0131] A dose of a nucleic acid (e.g. a nucleic acid-based
vaccine, such as a Zika SAM vaccine) may have about

50 ug to about 100 ug nucleic acid. In one embodiment, a
/1ka SAM vaccine dose contains 50, 53, 60, 65, 70, 75, 80,

85,90, 95 or 100 ug RNA. In other embodiments, a dose of
a Zika SAM vaccme may have <10 ug nucleic acid; e.g.
from 1-10 ug, such as about 1 ug, 2.5 ug, 5 ug, 7.5 ug or
10 ug, but expression can be seen at much lower levels; e.g.
using <l ung/dose, <100 ng/dose, <10 ng/dose, <1 ng/dose,
etc. Stmilarly, a dose of a protem antigen may have <10 ug
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protein; €.g. from 1-10 ug, such as about 1 ug, 2.5 ug, 5 ug,
7.5 ugor 10 ug.

[0132] In preferred embodiments, a Zika SAM vaccine or
vaccine composition 1s administered to a subject at an etfec-
tive dose, meaning a dose sufficient to achieve a desired
immune response, such as mduction of neutralizing antibo-
dies to Zika virus and/or protection against Zika wvirus
infection.

[0133] In some embodiments, a Zika SAM vaccine
described herein has an effective dose that 1s less than or
equal to 50%, 40%, 30%, 20% or 10% of the effective
dose of a DNA vaccime or vaccine composition encoding
the same antigen. In some embodiments, a Zika SAM vac-
cie described herein has an effective dose that 1s one third
or less of the effective dose of a DNA vaccine or vaccing
composition encoding the same antigen.

Processes of Manufacture/Formulation

[0134] Processes for the manufacture of self-replicating
RINNA are provided herein. In some embodiments, the pro-
cess of manufacturing a self-replicating RNA comprises a
step of 1 vitro transcription (IVT) as described elsewhere
herem. In some embodiments, the process of manufacturing
a self-replicating RNA comprises a step of IVT to produce a
RNA, and further comprises a step of combining the RNA
with a non-viral delivery system as described elsewhere
herem. In some embodiments, the process of manufacturing
a self-replicating RNA comprises a step of IVT to produce a
RNA, and further comprises a step of combining the RNA
with a CNE delivery system as described elsewhere herem.

Sequence Identity

[0135] Identity or homology with respect to an amino acid
sequence 18 defined herein as the percentage of amino acid
residues 1n the candidate sequence that are 1dentical with the
reference amino acid sequence after aligning the sequences
and mtroducing gaps, 1f necessary, to achieve the maximum
percent sequence 1dentity, and not considering any consert-
vative substitutions as part of the sequence 1dentity. Identity
or homology with respect to a nucleic acid sequence 1s
defined herein as the percentage of nucleotides 1n the candi-
date sequence that are i1dentical with the reference nucleic
acid sequence after aligning the sequences and mtroducing
ogaps, 1 necessary, to achieve the maxmmum percent
sequence 1dentity.

[0136] Sequence identity can be determined by standard
methods that are commonly used to compare the similarity
1n position of the amino acids of two polypeptides. Using a
computer program such as BLAST, two polypeptides are
aligned for optimal matching of their respective amino
acids (either along the full length of one or both sequences
or along a pre-determined portion of one or both sequences).
The programs provide a default opening penalty and a
default gap penalty, and a scoring matrix such as PAM 250
|a standard scoring matrix; see Dayhott et al., in Atlas of
Protein Sequence and Structure, vol. 5, supp. 3 (1978)] can
be used 1n conjunction with the computer program. For
example, the percent 1dentity can then be calculated as: the
total number of identical matches multiplied by 100 and
then divided by the sum of the length of the longer sequence
within the matched span and the number of gaps introduced
into the shorter sequences 1n order to align the two
sequences. The same methods used to compare polypeptides
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can also be used to calculate the percent identity of two
polynucleotide sequences.
[0137] Where the present disclosure refers to a sequence
by reference to a UmProt or Genbank accession code, the
sequence referred to 1s the current version at the filing date
of the present application.

General

[0138] Unless otherwise explammed, all techmical and
scientific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
this disclosure belongs. The singular terms “a,” “an,” and
“the” mnclude plural referents unless context clearly indi-
cates otherwise. Smmilarly, the word “or” 1s mtended to
include “and” unless the context clearly indicates otherwise.
The term “plurality” refers to two or more. Additionally,
numerical limitations given with respect to concentrations
or levels of a substance, such as solution component concen-
trations or ratios thereof, and reaction conditions such as
temperatures, pressures and cycle times are intended to be
approximate. The term “about” used herein 1s mtended to
mean the amount £10%.

[0139] The term “comprises” means “includes.” Thus,
unless the context requires otherwise, the word “comprises,”
and variations such as “comprise” and “comprising” will be
understood to 1mply the inclusion of a stated compound or
composition (e.g., nucleic acid, polypeptide, antigen) or
step, or group of compounds or steps, but not to the exclu-
sion of any other compounds, composition, steps, or groups
thereof. Embodiments described as comprising certain com-
ponents are intended to mclude embodiments consisting of
the indicated components.

[0140] The abbreviation, “e.g.” 1s derived from the Latin
exempli gratia, and 1s used herein to mdicate a non-limiting
example. Thus, the abbreviation “e.g.” 1s synonymous with
the term “for example.”

[0141] The mvention will be further described by refer-
ence to the following, non-limiting, figures and examples.

EXAMPLES

Example 1. Project Summary

[0142] The present mnventors mitiated work on a Zika vac-
cine using the SAM platform - synthetic, selt-amplitying
mRNA (SAM) derived from the alphavirus genome, expres-
sing antigens of interest. The SAM constructs are evaluated
for robust antigen production and antigenicity and further
tested for therr immunogenicity and efficacy using i vivo
models.

Methods

[0143] The SAM vector VEE TC-83 was used as the back-
oround construct for cloning in the Examples. See SEQ ID
NO:17.

Example 2. Selection of Antigen

[0144] The Flavivirus genome consists of capped single-
stranded RNA of positive polarity of approximately 11.3 kb
in length (FIG. 1). The 5" proximal quarter of the genome
encodes the structural proteins capsid (C), pre-membrane
(prtM), and envelope (E). The nonstructural proteins NSI1,
NS2A, NS2B, NS3, NS4A, NS4B, and NS5 are mvolved
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in viral RNA replication. The coding region 1s flanked by 5
and 3’ untranslated regions (5" and 3" UTRs) of approxi-
mately 100 and 600 nucleotides 1n length, respectively.
Translation of the viral genome yields a single polypeptide
that 1s processed into the mdividual proteins by a combina-
tion of cellular proteases and a viral protease consisting of a
catalytic subunit, NS3, and its cofactor, NS2B.

[0145] The structural proteins prM and E are cotransla-
tionally inserted 1nto the endoplasmic reticulum (ER) mem-
brane and processed by signal peptidases, producing pro-
teins that encapsidate C together with the viral RNA, by
budding into the ER lumen (FIG. 2). At a later step 1n viral
maturation, prM on these particles 1s cleaved into mature M
protein by a cellular furin protease prior to release from the
cell. This prM cleavage 1s required for infectivity of the
released virtons. In addition to infectious virions, flavi-
virus-infected cells release sub-viral particles (SVPs) (FIG.
2). These particles are smaller than virions, but contain the
antigenically important E protemn and the prM/M protein,
which 1s essential for correct folding and mcorporation of
the E protein mto SVPs and viral particles. However, unlike
virions, SVPs do not contain either the C protem or the viral
genome, and are thus non-infectious. SVPs can be produced
1n a variety of systems by co-expression of the prM and E
proteins, and SVPs share properties with wild-type viruses,
such as fusogenic activity and induction of a neutralizing
immune response and have repeatedly been shown to stimu-
late protective immune responses agamst a number of flavi-
virus diseases. The present mnventors selected structural pro-
teins of Zika virus, namely- prM and E, for further
experimentation.

Example 3. Strain Selection

[0146] The amino acid sequences of the C-prME proteins
from Zika virus strains (available from NCBI/Genbank)
from Zika outbreaks around the world from 2007 onwards
were aligned to look for stmilarities and differences (FIG.
3). These mcluded the oniginal African lineage stramn from
Uganda, Micronesia (2007), French Polynesia (2013), and
the Brazilian strains from 2016 (FIG. 3). In addition, seven
strains of Zika virus from various regions in Brazil, were
also compared for amino acid differences mm the C-prME
region (F1G. 4). A high conservation was observed across
the strains from different outbreaks, with the Brazilian
strains almost 1dentical i the CprME region. The Natal,
Bahia strain (KU527068) was chosen as the representative
strain. KUS27068 was one of the first strains to be 1solated
from the brain of a fetus showing microcephaly.

Example 4. Design of Constructs

[0147] 'The design of Zika-SAM constructs of FIG. 6
includes cloning the sequence encoding the Zika virus
(Natal, Brazil strain) structural pre-membrane (prM) and
envelope (E) protems under the subgenomic promoter 1 a
SAM vector. A series of modifications to the SAM-prME
constructs were made (Table 1, FIG. 6). These include:
[0148] 1. Substitution of the native prM signal peptide with
the JEV signal peptide (FIGS. 6A-B, antigen 1nserts #5283
and #5288).

[0149] 11. Substitution of the native C-terminus of Zika E
protein with the C-terminus of JEV E protein (FIG. 6B, anti-
oen 1nsert #3288).
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[0150] 1u1. Truncation of the wild-type Zika prM start
sequence to mmpair expression and secretion of the prME
antigen (antigen insert #4974). Antigen insert #4974 was
used as a negative control. The amino acid sequence of anti-
oen 1msert #4974 1s shown 1n SEQ ID NO:29, including the
JEV signal sequence (SEQ ID NO:5), followed by a trun-
cated Zika pr region (SEQ ID NO:30), Zika M protein (SEQ
ID NO:31) and Zika E protein (SEQ ID NO:32). The DNA
and RNA sequences encoding antigen msert #4974 are pre-
sented m SEQ ID NOs:28 and 41, respectively.

[0151] 1v. A non-Zika antigen construct, #8111, was
designed and used as a positive control.

Evaluation/Study Design

[0152] The constructs are evaluated 1n mammalian cells
following electroporation of Zika-SAM RNA mto BHK
cells using the following methods:

[0153] a. SAM RNA replication- potency of the SAM-
/Z1ka constructs 1s tested by using antibodies against
dsRNA and FACS.

[0154] b. Antigen expression 1s determined by immuno-
blots and immunofluorescence assays, to mvestigate
cleaved prM and E protein mn cell lysates and cell
supernatant.

[0155] c¢. The production of SVPs 1s tested in mamma-
l1an cells by using established procedures for SVP 1so-
lation from cell supernatant.

[0156] Following 1dentification of the most etficient can-
didate constructs formulation into LNP/CNE based-delivery
systems 1s carried out and testing for antigenicity and immu-
nogenicity 1s carried out 1 vivo.

Example 5. Expression and Secretion of Zika-SAM
Constructs

[0157] The ability of cells to express and secrete Zika E
protem and hybnid Zika-JEV E protemn from the Zika-SAM
constructs described above was evaluated according to the

following methods.
[0158] On Day 0, BHK cells were plated at 8x1061n T225

flasks 1n Growth Media. For trypsinization, media was
removed and cells were washed with 5 mls of PBS. The
PBS wash was removed, and 5 mls of pre-warmed trypsin
was added and spread thoroughly across the plate. Trypsin
was removed and plates were kept at 37 deg C for 1-2 mins.
Cells were then resuspended 1n 10 mls of growth media (5%
FBS). Cells were counted and plated at required concentra-
tion mto a new flask. The cells were then incubated at
37° C., 5% CO, for about 20 hours.

[0159] On Day 1, plates were prepared by adding 2 ml
DMEM + 1% FBS + P/S (outgrowth media) to each well
of a 6-well plate (one well per electroporation). Plates
were kept warm 1n a 37° C. incubator. The electroporator
was prepared to deliver 120 'V, 25 ms pulse, 0.0 pulse inter-
val, 1 pulse for a 2 mm cuvette. Cuvettes were labeled and
kept on 1ce. Cells 1n growth phase were harvested as normal
into BHK media (growth) and counted using a hemocyt-
ometer. Cells were trypsimized following the same trypsini-
zation protocol as above. Standards and negative control

electroporations were also prepared.
[0160] Cells were centrifuged at 1500 rpm (462x g) for

5 mins. Media was aspirated, and cells were washed once
with 20 ml cold Opti-MEM media. Cells were again centri-
fuged at 1500 rpm (462x g) for 5 mis. Media was aspirated,
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and the cells were resuspended m Opti-MEM media to
(.25 ml per electroporation.

[0161] For each sample, 4000 ng of RNA was mixed with
250 ul cells, and the mixture was pipetted gently 4-5 times.
The cells and RNA mixture were transferred to 2 mm cuv-
ettes and subjected to one pulse of electroporation using the
parameters described above. Cells were allowed to rest at
room temperature for 10 mins. Cells from one cuvette
were added to one well of a pre-warmed 6-well plate, and
the plate was tipped front and back and then side to side at a
45° angle to distribute cells evenly.

[0162] On Day 2 (30 h post-¢electroporation), the superna-
tant was collected. An aliquot of 75 ul was removed for
Western blot, 25 ul 4X NuPAGE buffer was added to the
aliquot (no reducing agent), and the aliquot was stored at
-20° C. The rest of the supernatant was stored at -80° C.
[0163] Cells were washed once with 1ice cold PBS, and

then scraped mto 200 ul of RIPA buffer containing protease
inhibitor cocktail (1 tablet in 10 ml) while keeping the plate
on 1ice. The buffer containing cells was collected 1 micro-
centrifuge tubes, and subjected to two rounds of treeze
thawing on dry 1ce. Samples were vortexed briefly, and pel-
leted at 8000 rpm for 5 min. Pellets were discarded and the
supernatants were retamed. 25 ul 4X NuPAGE buffer was
added to a 75 ul aliquot of the lysates for Western blotting.

Aliquots were stored at -20° C. The rest of the lysates were
stored at -80° C.

Immunoblotting

[0164] 15 ul of the cell culture superatants and 15 ul of
the cell lysates were run on a 4-12% SDS PAGE gel (Bis-
Tris) n 1X MOPS running buifer. The separated samples
were transferred onto nitrocellulose membranes. Mem-
branes were blocked for 2-3 hours in PBS-Tween 20 +5%

milk. The flavivirus 4G2 primary antibody was added at
1:120 dilution 1 PBS-T-Milk and membranes were incu-

bated overnight at 4° C. Membranes were then washed
3 times for 10 minutes each 1n PBS-T. Anti-mouse second-
ary (Odyssey® anti-Mouse 800CW-green (LI-COR, Inc.,
Lincoln, NE) at 1:5000) in LI-COR blocking butfer was
then added, and the membranes were incubated for 1 hour.
Membranes were washed three times for 2 minutes each,

and then scanned on LI-COR Odyssey® 1mager (LI-COR,
Inc., Lincoln, NE) at 800 channel, medium mtensity.

Results

[0165] Zika E protein expression and secretion was detect-

able by immunoblot mn lysates from cells electroporated

with Zika-SAM constructs #3283 (JEV signal + wild type
Zika prME), #5288 (JEV signal + hybnd Zika-JEV prME)
and #8111 (positive control antigen). (FIG. 7). Expression
and secretion of Zika E protein were not detected m the N-
terminally truncated construct (#4974) or Mock controls.

Example 6: Cationic O1l-in-Water Emulsions

[0166] Cationic nanoemulsions (CNEs) were prepared
essentially according to the methods described 1in Brito et
al., Molecular Therapy, Vol. 22, No. 12, pp. 2118-29
(2014) and International Patent Publication
WO02013006834.

[0167] Brnefly, squalene (Sigma, St. Louis, MO) was
heated to 37° C., and DOTAP (Lipoid, Ludwigshaten Ger-
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many) was dissolved directly 1 squalene 1n the presence of
sorbitan trioleate (SPAN 85; Sigma, St. Louis, MO). The
resulting o1l phase was then combined with the aqueous
phase (TWEEN™; Sigma, St. Louis, MO, 1 citrate buffer)
and mmmediately homogenized for 2 min using an T25
homogenizer (IKA, Wilmington, NC) at 24K RPM to pro-
duce a primary emulsion. The primary emulsions were
passed three to five times through a M-110S Microfluidizer
or a M-110P Microfluidizer (Microfluidics, Newton, MA)
with an ice bath cooling coil at a homogenization pressure
of approximately 15K-20K PSI. The batch samples were
removed from the unit and stored at 4° C. The CNE formu-

lation used m the present examples contains 4 mg/ml
DOTAP; 4.7 mg/ml Span 85; 4.7 mg/ml TWEEN™; and
39 mg/ml squalene.

Example 7. Preparation of RNA-CNE Complexes

1. RNA Synthesis

[0168] Zika SAM constructs contain a bacteriophage T7
promoter located upstream of the alphavirus cDNA to facil-
itate the synthesis of the replicon RNA 1n vitro. SAM-Z1ka
RINA for constructs #5283 (encoding JEV signal + Zika
prME) and #5288 (encoding JEV signal + hybrid Zika-
JEV prME), as well as negative control construct #4974,
were synthesized usmg standard molecular biology techni-
ques. Brietly, plasmid DNA encoding Zika-SAM constructs
were linearized by endonuclease digestion a umique site
located at the 3" end of the replicon sequence. The linearized
DNA was then transcribed into RNA by 1 vitro synthesis
using a T7 RNA polymerase 1 the presence of the template
DNA and nucleoside triphosphates (ATP, CTP, GTP and
UTP). Following transcription, DNA template was digested
with DNase, and the RNA transcripts were purified by Li1Cl
precipitation and reconstituted i nuclease-iree water. RNA
was then capped using the Vaccinia Capping System (New
England BioLabs, Ipswich, MA) and purified by LiCI pre-
cipitation. RNA concentration 1n each reaction was deter-
mined by spectrophotometry. Prior to RNA complexation,
RINA was diluted to a concentration of 300 ug/ml 1n citrate
butter (10 mM citrate pH 6.2, 20 mM NaCl, 560 mM
SUCTose).

2. RNA Complexation

[0169] Zika SAM RNA was complexed with cationic
nanoemulsion (CNE) particles essentially as described 1n
Brito et al., Molecular Therapy, Vol. 22, No. 12, pp. 2118-
29 (2014). Bnelly, Zika SAM RNA (300 ug/ml n citrate
buifer) was added to an equal volume of the CNE produced
in Example 6, mixed, and allowed to complex on ice for

30 minutes to 2 hours. The final concentration of CNE-com-

plexed RNA was 150 pug/ml.
[0170] The ratio of RNA to cationic lipid can be expressed

as an N/P ratio, defined as the amount (moles) of protona-
table nitrogen (N) atoms 1n the cationic lipid divided by the
amount (moles) of phosphates (P) on the RNA. DOTAP for
example has one nitrogen that can be protonated per mole-
cule. The RNA concentration was used to calculate the
amount of phosphate in solution using an estimate of 3
nmols of phosphate per microgram of RNA. The CNE for-
mulations described above have an N/P ratio of 6.3:1.
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Example 8. In Vivo Immunogenicity and Protection
of Zika SAM CNE Formulations

[0171] Immunogenicity and protection of Zika SAM CNE

formulations were examined 1n mice and non-human pri-
mates (NHP).

I. Mouse Study

[0172] Female BALB/c mice (6-12 weeks old; The Jack-
son Laboratory), were housed and bred m the animal facility
ol the Vaccine Research Center, NIAID, NIH, Bethesda,
MD. All animal experiments were reviewed and approved
by the Amimal Care and Use Committee of the VRC,
NIAID, NIH. All animals were housed and cared for mn
accordance with local, state, federal, and mstitutional poli-
cies 1 an American Association for Accreditation of

Laboratory Animal Care-accredited facility at the NIH.
[0173] Mice were immunized twice according to the study

design shown 1 Table 2. Briefly, groups of 10 mice each
were administered CNE formulations contamning the Zika
SAM RNA constructs #5288 or #5283, or the negative con-
trol RNA construct #974. Another group of mice received
50 ug of a DNA vaccme encoding construct #5283 by intra-
muscular electroporation, as a positive control. See Dowd et
al., Science, Vol. 354 Issue 6309, pp. 237-40 (2016). All
mice were challenged by intraperitoneal (1.p.) injection of
live Zika virus on day 49.

TABLE 2

Mouse study design
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inducing a significant neutralizing antibody response to
Zika virus.

[0177] On day 49 of the study, mice were challenged with
intraperitoneal 1njections of live Zika wvirus (stran
PRVABCS57) at a dose of 100 plaque forming units (PFU).
Serum samples were taken three days after challenge, and
viral loads were determined by real time quantitative PCR
(qPCR) of the Zika virus capsid gene.

[0178] As shown in FIG. 9, mice vaccmated with Zika
SAM construct #5283 (1.5 or 15 ug doses) or the positive
control construct (DNA #5283) showed little or no detect-
able Zika virus 1n the serum. In contrast, significant Zika
viral load was detected 1n unvaccimated animals, as well as
in animals vaccmated with Zika SAM construct 5288 or
negative control construct #4974. These results indicate
that Zika SAM construct #3283 1s capable of generating a
protective immune response against Zika virus mfection.

I[I. Non-Human Primate (NHP) Study

[0179] Immunogenicity of Zika SAM constructs was
evaluated 1n non-human primates (NHPs). Rhesus maca-
ques were immunized twice according to the study design
shown 1n Table 3. Brietly, SAM-Zika RNA-CNE formu-
lations were prepared as described 1n Example 7. Groups
of 8 NHPs each were administered either placebo (phos-
phate buttfered saline) or a CNE formulation containing a

Immunization Day Immunization Day

Group n  Dehivery Construct 0
1 10 CNE>6/ RNA 4974 1.5 ng
2 10 CNE53>6/ RNA 5288 1.5 ng
3 10 CNE5S6/ RNA 5283 15 ug
4 10 CNE5S6/ RNA 5283 1.5 ng
5 10  Electroporation/ 5283 50 ug
DNA

[0174] Blood sera were collected on day 0O, as well as
2 weeks after the first immunization, 2 weeks after the sec-
ond immunization, and three days after the Zika wvirus
challenge.

[0175] Zikaneutralizing antibody titers were measured by
reporter virus particle (RVP) neutralization assay according
to methods described mn Dowd, KA et al. Cell Rep.
16(6):1485-9 (2016). Results are shown m FIG. 8. Two
weeks after the first immumnization with Zika SAM construct
#5283, or the positive control DNA construct, there were
significant levels of Zika neutralizing antibodies detected
in the sera of immunized mice. Zika neutralizing antibody
levels were even higher two weeks after the second immu-
nization with the SAM construct #5283 or the positive con-
trol DNA construct.

[0176] A dose-dependent effect was observed, with the
15 ug dose of Zika SAM construct #5283 producing
higher levels of neutralizing antibodies than the 1.5 ug
dose. Notably, the 15 ug dose of Zika SAM construct
#5283 produced a neutralizing antibody response that

was cc:mparable to the 50 ug dose of the DNA format of

the same vaccine construct (DNA #5283). These results
indicate that Zika SAM construct #5283 1s capable of

21 Challenge Day 49
1.5 ng 1060 PFU, IP
1.5 ng 1060 PFU, IP
15 ug 160 PFU, IP
1.5 ng 100 PFU, IP
50 ug 1060 PFU, IP

codon-optimized SAM construct, Co.prME, encoding the
nattive Zika prME antigen (Group 2, 75 ug X 2; as
described 1n PCT/IB2017/053242, filed Jun. 1, 2017); or
Zika SAM construct #5283 (Group 3; 75 ug x 2). Another
oroup of NHPs (Group 4; n=8) received two immuniza-
tions (4 mg cach) of a DNA vaccine encoding construct
#5283 intramuscularly by a needle-free imnjection device
(Pharmalet), as a positive control. See Dowd et al.,
Science, Vol. 354 Issue 6309, pp. 237-40 (2016). All ani-
mals were challenged by intraperitoneal (1.p.) injection of

live Zika virus (1000 PFU) 8 weeks after the first
Immunization.

TABLE 3

Group Week 0 Week 4 Week &

Group Vaccine size  Vaccination Boost Challenge

] Placebo ] PBS PBS 1000 PFU
ZIKV

2 Co.prME 8 75 ng 75 ug 1000 PFU
SAM ZIKV

3 SAM #5283 8 75 ng 75 ug 1600 PFU
ZIKV

4 DNA #5283 8 4 mg 4 mg 1600 PFU
ZIKV
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[0180] Blood sera were collected on day 0, as well as 4
and 8 weeks after the first immunization; at each of days
3-7 after the Zika virus challenge; and at weeks 8, 10 and
12 after Zika virus challenge. Zika neutralizing antibody
titers were measured by reporter virus particle (RVP) neu-
tralization assay according to methods described 1n Dowd,
KA et al. Cell Rep. 16(6):1485-9 (2016).

[0181] The mmmunogenicity results shown i FIG. 10
demonstrate that Zika neutralizing antibodies were signifi-
cantly elevated four weeks after the first immumization of
/Z1ka SAM construct #3283 as compared to placebo, with
titers being further increased 4 weeks after the second
immunization. Zika DNA #5283 elicited similar neutraliz-
ing antibody titers at 4 and 8 weeks. Zika-SAM construct
Co.prME SAM produced significantly less neutralizing anti-
bodies compared to DNA #5283 after a single dose, but
similar titers after two 1njections.

[0182] In week 8 of the study, NHPs were challenged with
intraperitoncal 1njections of lhive Zika wvirus (stramn
PRVABCS57) at a dose of 1000 plaque forming umits

17
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(PFU). Viral loads after challenge were determined by real
time quantitative PCR (qPCR) of the Zika virus capsid gene.
[0183] As shown m FIG. 11, placebo animals exhibited
clevated viremia as early as 3 days post-challenge (A). Vac-
cination with Zika-SAM construct #5283 (B), as well as
positive controls Zika-SAM Co.prME (C) and DNA #5283
(D), were protective against Zika viremma, with Zika-SAM
construct #5283 exhibiting a complete protection against
Zika viremia.

[0184] Consistent with the viremia results, placebo ani-
mals showed a sharp rise 1n neutralizing antibodies after
Zika challenge, further confirming Zika mfection in these
animals (FIG. 12). Two ammals i the SAM Co.prME
oroup, and one amimal 1n the DNA #5283 group, also
showed elevated neutralizing antibody titers post-challenge,
indicating that protection was not sterilizing m these ani-
mals. In contrast, ammmals 1 the Zika SAM #5283 group
did not exhibit elevated neutralizing antibodies after Zika
challenge, indicating that sterilizing protection was
achieved 1n all subjects.

Sequence total guantitvy:

SkEQ 1D NO:
FEATURE
source

SEQ ID NO:
atgcgaggcg
gcggaggtca
gaggccatat
cttggacaca
gaaccagatg
tgccatcaca
tccactagga
cacttgatta
gccatcgett
ctgctgattyg
gaaggtatgt
gtaatggcac
atggcggagg
cgctgcccaa
aaaagaacgt
ctggtgacat
gagaatctgg
gttaatgaca
tcaccaagadg
aggacaggcc
gtccacaagg
actccacact
caaactgtcg
ctggaggctyg
ctgaaaatgg
acattcacca
gcagggacay
accccagttg
aagatgatgc
gagaagaaga
gccactgtga
tcagttggag
ttcaaatcat
atgtggttgg
ggagtgttga

SEQ ID NO:

1

1

cagatactag
ctagacgtygg
cttttccaac
tgtgtgatgc
acgtcgattg
aaaaaggtga
agctgcaaac
gagtcgaaaa
ggcttttggg
ccccggcecata
caggtgggac
aggacaaacc
Caagatccta
cacaaggtga
tagtggacag
gcgctaagtt
agtaccggat
caggacatga
ccgaagccac
Ctgacttttc
agtggttcca
ggaacaacaa
tggttctagg
agatggatygg
ataaacttag
agatcccggc
atggaccttg
ggaggttgat
Ctggaacttga
CLcacccacca
gaggtgccaa
gcgcectctcaa
tgtttggagg
gtctgaacac
tcttcttatc

2

SEQUENCE LISTING

41
moltype

DNA

Location/Qualifiers

1..2079
mol type
organlsm

tgtcggaatt
gagtgcatac
cacattgggg
caccatgagc
ttggtgcaac
agcacggaga
gcggtcgcaa
ttggatattc
aagctcaacg
cagcatcagg
ttgggttgat
gactgtcgac
ctgctatgag
agcctacctt
aggctgggga
tgcatgctcc
aatgctgtca
aactgatgag
cctggggggt
agatttgtat
cgacattcca
agaagcactg
gagtcaagaa
tgcaaaggga
attgaagggc
tgaaacactg
caaggttcca
aaccgctaac
tccaccattt
ctggcacagg
gagaatggca
ctcattgggc
aatgtcctgg
aaagaatgga
cacagccgtc

moltype

length

2079

genomlc DNA

Zl1ka virus

gttggcctcce
tatatgtact
atgaataagt
tatgaatgcc
acgacgtcaa
tctaggagag
acctggttygg
aggaaccctg
agccaaaaag
tgcataggag
gttgtcttygg
atagagctygg
gcatcaatat
gacaagcaat
aatggatgtg
aagaaaatga
gttcatggct
aatagagcga
tttggaagcc
tacttgacta
ttaccttggc
gtagagttca
ggagcagttc
aggctgtcct
gtgtcatact
cacgggacag
gctcagatygg
cccgtaatceca
ggggactctt
agtggcagca
gtcttgggag
aagggcatcc
ttctcacaaa
tctatttccce
tctgctgat

AA  length

tgctgaccac
tggacagaaa
gttatataca
ctatgctgga
cttgggttgt
ctgtgacgcect
aatcaagaga
gcttcgegtt
tcatatactt
tcagcaatag
aacatggagg
ttacaacaac
cagacatggc
cagacactca
gactttttgyg
ccgggaaaag
cccagcacag
aggttgagat
taggacttga
tgaataacaa
acgctggggc
aggacgcaca
acacggccct
ctggccactt
ccttgtgtac
tcacagtgga
cggtggacat
ctgaaagcac
acattgtcat
ccattggaaa
acacagcctg
atcaaatttt
tcectcattgg
ttatgtgctt

093

agctatggca 60
cgatgctggg 120
gatcatggat 180
tgagggggtg 2490
gtacggaacc 300
cccctcecccat 300
atacacaaag 420
agcagcagct 480
ggtcatgata 540
ggactttgtg ©00
CLtgtgtcacc ©060
agtcagcaac /120
ttcggacage 7380
atatgtctge 8490
caaagggagc 200
catccagcca 960
tgggatgatc 1020
aacgcccaat 1080
ttgtgaaccg 1140
gcactggttg 1200
agacaccgga 1260
tgccaaaagg 1320
tgctggagect 1380
gaaatgtcge 1440
cgcagcgtte 1500
ggtacagtac 1560
gcaaactctg 1620
tgagaactct 1660
aggagtcggg 1740
agcatttgaa 1800
ggactttgga 1860
tggagcagct 1920
aacgttgectg 1960
ggccttaggg 2040
2079
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FEATURE
source

SkEQ 1D NO:
MRGADTSVGL
LGHMCDATMS
STRKLOQTRS()
LLIAPAYSIR
MAEVRSYCYE
LVTCAKFACS
S PRAEATLGG
TPHWNNKEAL
LEKMDKLRLKG
TPVGRLITAN
ATVRGAKRMA
MWLGLNTKNG

SkEQ 1D NO:
FEATURE

SQUrce

SEQ 1D NO:
GADTS5VGIVG

ok LD NO:
FEATURE
source

SEQ ID NO:
atgggcaagc

tgcgcaggadg

ok 1D NO:
FEATURE
source

Sk 1D NO:
MGKRSAGS IM

SkEQ 1D NO:
FEATURE
source

SEQ ID NO:
gaagcgttct
catgaccttt
ctcatggaat
gagggaggec
aagttgacat
acgacttatg
catggaacag
attgtctcag
cccttegteg
ggagactctt
gctggaagca
gcgctaggceg
aaagctgttc
atcacacaag
tcaatcgccce
catgctgaca
atcttcgtgce

SkEQ 1D NO:
FEATURE
source

<

VGLLLTTAMA
YECPMLDEGV
TWLESREYTK
CIGVSNRDEV
ASTISDMASDS
KEKMTGKS1IQP
FGoLGLDCEP
VEFKDAHAKR
VSYSLCTAAFR
PVITESTENS
VLGDTAWDFG
> Lo LMCLALG

3
LLLTTAMA

4

Location/Qualifiers

1..693
mol type
organlsm

AEVTRRGSAY
EPDDVDCWCN
HLIRVENWIF
EGMSGGTWYD
RCPTQGEAY L
ENLEYRIMLS
RTGLDFSDLY
QTVVVLGSQE
TFTKIPARETL
KMMLELDFPF
SVGEGALNSLG
GVLIFLSTAV

moltvype =

proteiln

Z21ka virus

YMY LDRNDAG
TTSTWVVYGT
RNPGFALAAA
VVLEHGGCVT
DKQSDTQYVC
VHGSQHSGMI
YLTMNNKHWL
GAVHTALAGA
HGTVTVEVQY
GDSYIVIGVEG
KGIHQIFGAA
o AD

AA  length

Location/Qualifiers

1..18
mol type
organlsm

moltvype =

proteiln

Z1ka virus

DNA length

Location/Qualifiers

1..72
mol type
organlsm

18

-continued

EAISEPTTLG
CHHEKGEARR
ATAWLLGSST
VMAQDKPTVD
KRTLVDRGWG
VNDTGHETDE
VHKEWEFHDIP
LEAEMDGAKG
AGTDGPCKVP
EKKITHHWHR
FKSLEFGGMSW

= 7/

genomlc DNA

MNKCYIQIMD
SRRAVTLPSH
SQKVIYLVMI
ITELVTTTVSN
NGCGLEFGKGS
NRAKVEILTPN
LPWHAGADTG
RLSSGHLKCR
AQMAVDMOQTL
SGSTIGKAFE
FSQILIGTLL

Japanese encephalitis virus

ggtccgceccecgg ctcectatcatg tggctggecct ctcectggeccecgt ggtcatcgca

ca

>
WLASLAVVIA

o

atgtcatgac
cccttcececectg
ttgaagaggc
tccatcaagce
caggtcacct
gcatgtgtac
CLtgtcattyga
tcgcgagett
cgacatctag
atatcgtggt
cgctgggtaa
acacagcctg
accaagtatt
gactaatggg
Cggcttttct
ctggctgtgc
ataacgacgt

7

moltvype =

AA  length

Location/Qualifiers

1..24
mol type
organlsm

CAGA

moltype =

proteiln

= 24

Japanese encephalitis virus

DNA length

Location/Qualifiers

1..1008
mol type
organlsm

cgtgggttcg
gacgtccccce
acatgccaca
gttggcagga
Jaaatgcagg
agagaaattc
gctcacatac
aaacgacatg
ctccaactca
tggaagaggg
agccttctca
ggatttcggc
tggcggtgca
ggccttactt

ggccacggga
cattgacatc

agaggcttgg

moltvype =

= 1008

genomlc DNA

Japanese encephalitis virus

aagtcattct
Lcaagcacygg
aaacaatctg
gccatcgtygg
ctaaaaatygqg
tcgttcgcga
tctggaagtyg
acccctgtygg
aaggtgctgg
gacaagcaga
acaactttga
tccattggag
ttcagaacgc
ctttggatygg
ggtgtgctcg
acaagaaaag
gtagataggt

AA length

Location/Qualifiers

1..330

tagtccatag
catggagaaa
ttgtagctct
tggagtactc
acaaactggc
aaaatccagc
atggtccctyg
ggaggctggt
ttgagatgga
ttaaccatca
aaggggctca
gggtattcaa
tctttggggyg
gtgtcaacgc
tgtttttagce
agatgaggtg
acaaatat

= 330

ggaatggttc
cagagaactc
tgggtcacag
gagctcagtg
tctgaagggc
ggacacaggc
Laaaattccg
aacagtaaac
acctccecettce
ctggcacaaa
gagactagca
ctccataggg
aatgtcttygg
acgagaccygg
gaccaatgtg
tggaagtggc

60

120
180
240
300
360
420
480
540
600
600
693

16

60
12

24

60
120
180
240
300
360
420
430
540
600
600
120
180
540
900
900
1008
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Sk 1D NO:
EAEYVMTVGS
EGGLHQALAG
HGTVVIELTY
GDSY IVVGRG
KAVHQVEGGA
HADTGCAIDI

ok 1D NO:
FEATURE
source

SEQ ID NO:
MKNPKKKSGG
PSLGLINRWG
MAAEVTRRGS
GVEPDDVDCW
TKHLIRVENW
FVEGMSGGTW
DSRCPTQGEA
QPENLEYRIM
EPRTGLDFSD
KROTVVVLGS
AFTEFTKIPAL
NSKMMLELDP
FGSVGEGGALNS
LGGVLIFLST

ok LD NO:
FEATURE
source

Sk 1D NO:
MKNPKKKSGG
PSLGLINRWG
MAAEVTRRGS
GVEPDDVDCW
TKHLIRVENW
FVEGMSGGTW
DSRCPTQGEA
QPENLEYRIM
EPRTGLDEFSD
KROTVVVLGS
AFTFTKIPAE
NSKMMLELDP
FGSVGEGALNS
LGGVLIFLST
Sk 1D NO:
FEATURE

SOuUrce

SkEQ 1D NO:
MKNPKEEIRR
PSLGLINRWG
MAAR ITRRGS
GVEPDDVDCW
TKHLIKVENW
FVEGMSGGTW
DSRCPTQGEA
QPENLEYRIM
GLDFSDLYYL
VVVLGSQREGA
TKVPAETLHG
MLELDPPEFGD
GGVEFNSLGKG

7
KSEFLVHREWE
AIVVEYSS5SYV
>GoDGPCKIP
DKQINHHWHK
FRTLFGGMSW
TRKEMRCGSG

&
FRIVNMLKRG
SVGKKEAME T
AYYMY LDRND
CNTTSTWVVY
IFRNPGFALA
VDVVLEHGGC
YLDKQSDTQY
LSVHGSQHSG
LYYLTMNNKH
QEGAVHTALA
TLHGTVTVEV
PEFGDSYIVIG
LGKGIHQIFG
AVSAD

9
FRIVNMLKRG
SVGKKEAME T
AYYMYLDRND
CNTTSTWVVY
IFRNPGFALA
VDIVLEHGGC
YLDKQSDTQY
LSVHGSQHSG
LYYLTMNNKH
QEGAVHTALA
TLHGTVTVEV
PEFGDSYIVIG
LGKRGIHQIFG
AVSAD

10

10

ITRIVNMLKRG
SVGKKEAME T
AYYMYLDRSD
CNTTSTWVVY
IFRNPGFALV
VDVVLEHGGC
YLDKQSDTQY
LSVHGSQHSG
TMNNKHWLVH
VHTALAGALE
TVTVEVQYAG
Y IVIGVGDK
THQIFGAAFK

mol type
organilsm

HDLSLPWTSP
KLTSGHLKCR
IVSVASLNDM
AGSTLGKAFES
I TQGLMGALL
I FVHNDVEAW

moltype

proteln

oo TAWRNREL
LKMDKLALKG
TPVGRLVTVN
TTLKGAQRLA
LWMGVNARDR
VDRYKY

AA  length

Location/Qualifiers

1..795
mol type
organlsm

VARVSPEFGGL
IKKFKKDLAA
AGEATSEFPTT
GTCHHKKGEA
AAATAWLLGS
VIVMAQDKPT
VCKRTLVDRG
MIVNDTGHET
WLVHKEWEFHD
GALEAEMDGA
QYAGTDGPCK
VGEKKITHHW
AAFKSLEFGGM

moltype

proteiln

Z1ka virus

KRLPAGLLLG
MLRIINARKE
LGMNKCYIQ1
RRSRRAVTLP
o ToQRVIYLV
VDIELVTTTV
WGENGCGLEGK
DENRAKVELT
IPLPWHAGAD
KGRLSSGHLK
VPAQMAVDMO
HRSGSTIGKA
SWESQTILIGT

AA  length

Location/Qualifiers

1..795
mol type
organlsm

VARVSPFGGL
ITKKFKKDLAA
AGEATSEFPTT
GTCHHKKGEA
AAATAWLLGS
VIVMAQDKPT
VCKRTLVDRG
MIVNDTGHET
WLVHKEWEHD
GALEAEMDGA
QYAGTDGPCK
VGEKKITHHW
AAFKSLEFGGM

moltype

proteln

Z1lka virus

KRLPAGLLLG
MLRIINARKE
LGMNKCYIQIT
RRSRRAVTLP
S ToQRVIYLV
VDIELVTTTV
WGENGCGLEGK
DENRAKVELT
IPLPWHAGAD
KGRLS5GHLK
VPAQMAVDMO
HRSGSTIGKA
SWESQILIGT

AA  length

Location/Qualifiers

1..791
mol tType
organlsm

VARVNPLGGL
ITKKFKKDLAA
AGKATSFATT
GTCHHKKGEA
AVATAWLLGS
VIVMAQDKPT
VCKRTLVDRG
MIGYETDEDR
KEWFHDIPLP
AEMDGAKGRL
TDGPCKIPVQ
KITHHWHRSG
S LEFGGMSWES

proteln

Z1ka virus

KRLPAGLLLG
MLRI INARKE
LGVNKCHVQ1
RRSRRAVTLP
STSQRVIYLV
VDIELVTTTV
WGENGCGLEGK
AKVEVTPNSP
WHAGADTGTP
FSGHLKCRLEK
MAVDMOQTLTP
S T IGKAFEAT
QILIGTLLVW

19

-continued

LMEFEEAHAT
T"IYGMCTEKE
PEFVATSSSNS
ALGDTAWDEFG
S1TALAFLATG

795

HGPIRMVLAIL
KKRRGADTSV
MDLGHMCDA'T
SHSTRKLQTR
MILLIAPAYS
SNMAEVRSYC
GSLVTCAKFEFA
PNSPRAEATL
TGTPHWNNKE
CRLEMDKLRL
TLTPVGRLIT
FEATVRGAKR
LLMWLGLNTK

7195

HGPIRMVLAIL
KKRRGADTSV
MDLGHMCDA'T
SHSTRKLQTR
MILLIAPAYS
SNMAEVRSYC
GSLVTCAKFEFA
PNSPRAEATL
TGTPHWNNKE
CRLEMDKLRL
TLTPVGRLIT
FEATVRGAKR
LLMWLGLNTK

7191

HGPIRMVLAIL
RKRRGADTSI
MDLGHMCDA'T
SHSTRKLQTR
MILLIAPAYS
SNMAEVRSYC
GSLVTCAKE'T
RAEATLGGEG
HWNNKEALVE
MDKLRLKGVS
VGRLITANPV
VRGAKRMAV L
LGLNTKNGS 1

Japanese encephalitis virus

KQSVVALGSO
SEFAKNPADTG
KVLVEMEPPE
o> IGGVENS LG
GVLVEFLATNV

LAFLREFTAIK
GIVGLLLTTA
MSYECPMLDE
SQTWLESREY
IRCIGVSNRD
YEASTSDMAS
CSKKMTGKS 1
GGFGSLGLDC
ALVEFKDAHA
KGVSYSLCTA
ANPVITESTE
MAVLGDTAWD
NGSISLMCLA

LAFLRFTAIK
GIVGLLLTTA
MSYECPMLDE
SUQTWLESREY
ITRCIGVSNRD
YEASTSDMAS
CSKKMTGKS 1
GGFGSLGLDC
ALVEFKDAHA
KGVSYSLCTA
ANPVITESTE
MAVLGDTAWD
NGSISLMCLA

LAFLRFTAIK
GIIGLLLTTA
MSYECPMLDE
SQTWLESREY
TRCIGVSNRD
YEASTSDMAS
CSKKMTGKS 1
> LGLDCEPRT
FKDAHAKRQT
YSLCTAAFTE
ITESTENSKM
GDTAWDEGSV
> LTCLALGGYV

60

120
180
240
300
336

60

120
180
240
300
360
420
430
540
600
600
120
180
795

60

120
180
240
300
360
420
430
240
600
600
120
7180
7195

60

120
180
240
300
360
420
4380
240
600
600
120
7180
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MIFLSTAVSA
Sk 1D NO:
FEATURE
SOUrce

Sk 1D NO:
MKNPKEEIRR
PSLGLINRWG
MAVEVTRRGS
GVEPDDVDCW
TKHLIRVENW
FVEGMSGGTW
DSRCPTQGEA
QFPENLEYRIM
EPRTGLDFSD
KROTVVVLGS
AFTEFTKIPAE
NSKMMLELDP
FGSVGEGGALNS
LGGVLIFLST
Sk 1D NO:
FEATURE

SOUrce

Sk 1D NO:
MKNPKKKSGG
PSLGLINRWG
MAAEVTRRGS
GVEPDDVDCW
TKHLIRVENW
FVEGMSGGTW
DSRCPTQGEA
QPENLEYRIM
EPRTGLDEFSD
KROTVVVLGS
AFTFTKIPAE
NSKMMLELDP
FGSVGGALNS
LGGVLIFLST
Sk 1D NO:
FEATURE

SOUrce

Sk 1D NO:
MKNPKKKSGG
PSLGLINRWG
MAAEVTRRGS
GVEPDDVDCW
TKHLIRVENW
FVEGMSGGTW
DSRCPTQGEA
QPENLEYRIM
EPRTGLDEFSD
KROTVVVLGS
AFTFTKIPAE
NSKMMLELDP
FGSVGEGALNS
LGGVLIFLST
SkEQ 1D NO:
FEATURE

SOuUurce

SkQ 1D NO:
MKNPKKKSGG
PSLGLINRWG
MAARVTRRGS

11
IRIVNMLKRG
SVGKKEAME T
AYYMYLDRSD
CNTTSTWVVY
IFRNPGFALA
VDVVLEHGGC
YLDKQSDTQY
LSVHGSQHSG
LYYLTMNNKH
QEGAVHTALA
TLHGTVTVEYV
PEFGDSYIVIG
LGKGIHQIFG
AVSAD

12

12
FRIVNMLKRG
SVGKKEAME T
AYYMYLDRND
CNTTSTWVVY
IFRNPGFALA
VDVVLEHGGC
YLDKQSDTQY
LSVHGSQHSG
LYYLTMNNKH
QEGAVHTALA
TLHGTVTVEV
PEFGDSYIVIG
LGKGIHQIFG
AVSAD

13

13
FRIVNMLKRG
SVGKKEAME T
AYYMYLDRND
CNTTSTWVVY
IFRNPGFALA
VDVVLEHGGC
YLDKQSDTQY
LSVHGSQHSG
LYYLTMNNKH
QEGAVHTALA
TLHGTVTVEV
PEFGDSYIVIG
LGKRGIHQIFG
AVSAD

14

14

moltvype =

AA length

Location/Qualifiers

1..795
mol type
organlsm

VARVSPEFGGL
ITKKFKKDLAA
AGEATSEFPTT
GTCHHKKGEA
AAATAWLLGS
VIVMAQDKPA
VCKRTLVDRG
MIVNDTGHET
WLVHKEWEFHD
GALEAEMDGA
QYAGTDGPCK
VGEKKITHHW
AAFKSLEFGGM

moltype =

proteln

Z1lka virus

KRLPAGLLLG
MLRI INARKE
LGMNKCYIQT
RRSRRAVTLP
o ToQRVIYLV
VDIELVTTTV
WGENGCGLEGK
DENRAKVELT
IPLPWHAGAD
KGRLSS5GHLK
VPAQMAVDMO
HRS5GST1IGKA
SWESQILIGT

AA  length

Location/Qualifiers

1..795
mol type
organlsm

VARVSPEFGGL
ITKKFKKDLAA
AGEATSEFPTT
GTCHHKKGEA
AAATAWLLGS
VIVMAQDKPT
VCKRTLVDRG
MIVNDTGHET
WLVHKEWEHD
GALEAEMDGA
QYAGTDGPCK
VGEKKITHHW
AAFKSLEGGM

moltype =

proteln

Z1lka wvirus

KRLPAGLLLG
MLRIINARKE
LGMNKCYIQT
RRSRRAVTLP
S ToQRVIYLV
VDIELVTTTV
WGENGCGLEGK
DENRAKVELT
IPLPWHAGAD
KGRLS5GHLK
VPAQMAVDMO
HRSGSTIGKA
SWESQILIGT

AA  length

Location/Qualifiers

1..795
mol tType
organlsm

VARVSPFGGL
ITKKFKKDLAA
AGEATSEFPTT
GTCHHKKGEA
AAATAWLLGS
VIVMAQDKPT
VCKRTLVDRG
MIVNDTGHET
WLVHKEWEHD
GALEAEMDGA
QYAGTDGPCK
VGEKKITHHW
AAFKSLEFGGM

moltvpe =

proteln

Z1ka virus

KRLPAGLLLG
MLRI INARKE
LGMNRKCYIOQ1
RRSRRAVTLP
S ToQRVIYLV
VDIELVTTTV
WGENGCGLEGK
DENRAKVELT
IPLPWHAGAD
KGRLS5GHLK
VPAQMAVDMO
HRSGSTIGKA
SWEFSQILIGT

AA  length

Location/Qualifiers

1..795
mol type
organlsm

proteiln

Z21ka virus

20

-continued

= 795

HGPIRMVLAIL
KKRRGTDTSV
MDLGHMCDAT
S HSTREKLOTR
MILLIAPAYS
SNMAEVRSYC
GSLVTCAKFEFA
PNSPRAEATL
TGTPHWNNKE
CRLEMDKLRL
TLTPVGRLIT
FEATVRGAKR
LLVWLGLNTK

= 795

HGPIRMVLAIL
KKRRGADTSV
MDLGHMCDA'T
S HSTREKLOTR
MILLIAPAYS
SNMAEVRSYC
GSLVTCAKFEFA
PNSPRAEATL
TGTPHWNNKE
CRLEMDKLRL
TLTPVGRLIT
FEATVRGAKR
LLMWLGLNTK

= 795

HGPIRMVLAIL
KKRRGADTSV
MDLGHMCDA'T
SHSTRKLQTR
MILLIAPAYS
SNMAEVRSYC
GSLVTCAKFEFA
PNSPRAEATL
TGTPHWNNKE
CRLEMDKLRL
TLTPVGRLIT
FEATVRGAKR
LLMWLGLNTK

= 795

FRIVNMLKRG VARVSPEFGGL KRLPAGLLLG HGPIRMVLAIL
SVGKKEAME T ITKKFKKDLAA MLRIINARKE KKRRGADTSYV GIVGLLLTTA
LGMNKCY1IQT MDLGHMCDAT MSYECPMLDE

AYYMYLDRND

AGEATSEFPTT

LAFLRFTAIK
GIVGLLLTTA
MSYECPMLDE
SUTWLESREY
IRCIGVSNRD
YEASTSDMAS
CSKKMTGKS 1
GGFGSLGLDC
ALVEFKDAHA
KGVSYSLCTA
ANPVITESTE
MAVLGDTAWD
NGSISLTCLA

LAFLRFTAIK
GIVGLLLTTA
MSYECPMLDE
SQTWLESREY
ITRCIGVSNRD
YEASTSDMAS
CSKKMTGKS I
GGFGSLGLDC
ALVEFKDAHA
KGVSYSLCTA
ANPVITESTE
MAVLGDTAWD
NGSISLMCLA

LAFLRFTAIK
GIVGLLLTTA
MSYECPMLDE
SQTWLESREY
ITRCIGVSNRD
YEASTSDMAS
CSKKMTGKS 1
GGFGSLGLDC
ALVEFKDAHA
KGVSYSLCTA
ANPVITESTE
MAVLGDTAWD
NGSISLMCLA

LAFLRFTAIK

791

60

120
180
240
300
360
420
4350
540
600
600
120
180
795

60

120
180
240
300
360
420
4350
540
600
600
120
180
7195

60

120
180
240
300
360
420
4350
240
600
600
120
7180
7195

60
120
180

Aug. 3, 2023



US 2023/0242593 Al

GVEPDDVDCW
TKHLIRVENW
FVEGMSGGTW
DSRCPTQGEA
QPENLEYRIM
EPRTGLDEFSD
KROTVVVLGS
AFTEFTKIPAL
NSKMMLELDP
FGSVGEGGALNS
LGGVLIFLST
ok 1D NO:
FEATURE

SOUrce

ok 1D NO:
MKNPKKKSGG
PSLGLINRWG
MAAEVTRRGS
GVEPDDVDCW
TKHLIRVENW
FVEGMSGGTW
DSRCPTQGEA
QPENLEYRIM
EPRTGLDEFSD
KROQTVVVLGS
AFTFTKIPAE
NSKMMLELDP
FGSVGGALNS
LGGVLIFLST
Sk 1D NO:
FEATURE

SOUrce

Sk 1D NO:
MKNPKKKSGG
PSLGLINRWG
MAAEVTRRGS
GVEPDDVDCW
TKHLIRVENW
FVEGMSGGTW
DSRCPTQGEA
QPENLEYRIM
EPRTGLDEFSD
KROTVVVLGS
AFTFTKIPAE
NSKMMLELDP
FGSVGEGALNS
LGGVLIFLST
Sk 1D NO:
FEATURE

CNTTSTWVVY
IFRNPGFALA
VDVVLEHGGC
YLDKQSDTQY
LSVHGSQHSG
LYYLTMNNKH
QEGAVHTALA
TLHGTVTVEV
PEFGDSYIVIG
LGKGIHQIFG
AVSAD

15

15
FRIVNMLKRG
SVGKKEAME T
AYYMYLDRND
CNTTSTWVVY
IFRNPGFALA
VDVVLEHGGC
YLDKQSDTQY
LSVHGSQHSG
LYYLTMNNKH
QEGAVHTALA
TLHGTVTVEV
PEFGDSYIVIG
LGKGIHQIFG
AVSAD

16

16
FRIVNMLKRG
SVGKKEAME T
AYYMYLDRND
CNTTSTWVVY
IFRNPGFALA
VDVVLEHGGC
YLDKQSDTQY
LSVHGSQHSG
LYYLTMNNKH
QEGAVHTALA
TLHGTVTVEV
PEFGDSYIVIG
LGKRGIHQIFG
AVSAD

17

misc_feature

misc_feature

misc_feature

SOUrce

SEQ ID NO:
ataggcggcg
ttgacatcga
aggtagaagc
tggcttcaaa
gtgcgcccgce
gtgcggaaga
aaataactga
ctgacctgga

17

catgagagaa
ggaagacagc
caagcaggtc
actgatcgaa
ccgcagaatg
tccggacaga
CLaaggaattyg
aactgagact

GTCHHEKKGEA
AAATAWLLGS
VIVMAQDKPT
VCKRTLVDRG
MIVNDTGHET
WLVHKEWEHD
GALEAEMDGA
QYAGTDGPCK
VGEKKITHHW
AAFKSLEFGGM

moltvyvpe =

RRSRRAVTLP
S ToQRVIYLV
VDIELVTTTV
WGENGCGLEGK
DENRAKVELT
IPLPWHAGAD
KGRLSS5GHLK
VPAQMAVDMO
HRSGSTIGKA
SWESQILIGT

AA length

Location/Qualifiers

1..795
mol type
organlsm

VARVSPFGGL
IKKFKKDLAA
AGEATSEFPTT
GTCHHKKGEA
AAATAWLLGS
VIVMAQDKPT
VCKRTLVDRG
MIVNDTGHET
WLVHKEWEHD
GALEAEMDGA
QYAGTDGPCK
VGEKKITHHW
AAFKSLEGGM

moltype =

proteiln

Z1ka wvirus

KRLPAGLLLG
MLRI INARKE
LGMNKCYIQT
RRSRRAVTLP
S ToQRVIYLV
VDIELVTTTV
WGENGCGLEGK
DENRAKVELT
IPLPWHAGAD
KGRLSS5GHLK
VPAQMAVDMO
HRSGSTIGKA
SWEFSQTILIGT

AA  length

Location/Qualifiers

1..795
mol type
organlsm

VARVSPFGGL
ITKKFKKDLAA
AGEATSEFPTT
GTCHHKKGEA
AAATAWLLGS
VIVMAQDKPT
VCKRTLVDRG
MIVNDTGHET
WLVHKEWEHD
GALEAEMDGA
QYAGTDGPCK
VGEKKITHHW
AAFKSLEFGGM

moltvype =

proteln

Z1lka virus

KRLPAGLLLG
MLRIINARKE
LGMNKCYIQIT
RRSRRAVTLP
S ToQRVIYLV
VDIELVTTTV
WGENGCGLEGK
DENRAKVELT
IPLPWHAGAD
KGRLS5GHLK
VPAQMAVDMO
HRSGSTIGKA
SWESQILIGT

DNA

Location/Qualifiers

1..9999
note =
15062..7560
1562..756
note =
1..9999
mol type
organlsm

gcccagacca
ccattcctca
actgataatg
acggaggtgg
tattctaagc
ttgtataagt
gacaagaaaa
atgtgcctcc

3
3

SAM Vector

Insert starts

other DNA
synthetic

attacctacc
gagctttgca
accatgctaa
acccatccga
acaagtatca
atgcaactaa
CLgaaggagct
acgacgacga

length

21

-continued

SHSTRKLOQTR
MILLIAPAYS
SNMAEVRSYC
GSLVTCAKFEFA
PNSPRAEATL
TGTPHWNNKE
CRLEMDKLRL
TLTPVGRLIT
FEATVRGAKR
LLMWLGLNTK

= 790

HGPIRMVLAIL
KKRRGADTSV
MDLGHMCDAT
SHSTREKLOTR
MILLIAPAYS
SNMAEVRSYC
GSLVTCAKFEFA
PNSPRAEATL
TGTPHWNNKLE
CRLEMDKLRL
TLTPVGRLIT
FEATVRGAKR
LLMWLGLNTK

= 795

HGPIRMVLAIL
KKRRGADTSV
MDLGHMCDA'T
SHSTRKLQTR
MILLIAPAYS
SNMAEVRSYC
GSLVTCAKFEFA
PNSPRAEATL
TGTPHWNNKE
CRLEMDKLRL
TLTPVGRLIT
FEATVRGAKR
LLMWLGLNTK

= 9999

S QTWLESREY
ITRCIGVSNRD
YEASTSDMAS
CS5KKMTGKS 1
GGFGSLGLDC
ALVEFKDAHA
KGVSYSLUCTA
ANPVITESTE
MAVLGDTAWD
NGSISLMCLA

LAFLRFTAIK
GIVGLLLTTA
MSYECPMLDE
SUQTWLESREY
ITRCIGVSNRD
YEASTSDMAS
CS5KKMTGKS 1
GGFGSLGLDC
ALVEFKDAHA
KGVSYSLCTA
ANPVITESTE
MAVLGDTAWD
NGSISLMCLA

LAFLRFTAIK
GIVGLLLTTA
MSYECPMLDE
SUQTWLESREY
ITRCIGVSNRD
YEASTSDMAS
CSKKMTGKS 1
GGFGSLGLDC
ALVEFKDAHA
KGVSYSLCTA
ANPVITESTE
MAVLGDTAWD
NGSISLMCLA

after nucleotide 7562

construct

caaaatggag
gcggagette
Ltgccagagcg
cacgatcctt
ttgtatctgt
gctgaagaaa
cgccgeccecgtce
gtcgtgtcgc

aaagttcacg
ccgcagtttg
ttttcgcatc
gacattggaa
ccgatgagat
aactgtaagg
atgagcgacc
tacgaagggc

240
300
360
420
480
540
600
600
120
180
795

60

120
180
240
300
360
420
480
540
600
600
120
7380
795

60

120
180
240
300
360
420
430
240
600
600
120
7180
7195

60

120
180
240
300
360
420
480
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22
-continued
aagtcgctgt ttaccaggat gtatacgcecgg ttgacggacce gacaagtctce tatcaccaag 540
ccaataaggg agttagagtc gcctactgga taggctttga caccacccecct tttatgttta ©00
agaacttggc tggagcatat ccatcatact ctaccaactg ggccgacgaa accgtgttaa ©60
cggctcgtaa cataggceccta tgcagcectctyg acgttatgga gcggtcacgt agagggatgt 720
ccattcttag aaagaagtat ttgaaaccat ccaacaatgt tctattctct gttggcectcga 780
ccatctacca cgagaagagg gacttactga ggagctggca cctgcececgtcet gtatttcact 840
tacgtggcaa gcaaaattac acatgtcggt gtgagactat agttagttgc gacgggtacg 900
tcgttaaaag aatagctatc agtccaggcecce tgtatgggaa gceccttcagge tatgcectgcecta 960
cgatgcaccyg cgagggattc ttgtgctgca aagtgacaga cacattgaac ggggagaggg 1020
tctecttttcece cgtgtgcacg tatgtgccag ctacattgtg tgaccaaatg actggcatac 1080
tggcaacaga tgtcagtgcg gacgacgcgce aaaaactgcet ggttgggcectce aaccagcecgta 1140
tagtcgtcaa cggtcgcacc cagagaaaca ccaataccat gaaaaattac cttttgeccg 1200
tagtggccca ggcatttgcect aggtgggcaa aggaatataa ggaagatcaa gaagatgaaa 1260
ggccactagg actacgagat agacagttag tcatggggtg ttgttggget tttagaagge 1320
acaagataac atctatttat aagcgcccgg atacccaaac catcatcaaa gtgaacageg 1380
atttccactec attcgtgetg cccaggatag gcagtaacac attggagatce gggctgagaa 1440
caagaatcag gaaaatgtta gaggagcaca aggagccgtcec acctctcatt accgceccgagg 1500
acgtacaaga agctaagtgc gcagccgatg aggctaagga ggtgcgtgaa gceccgaggagt 1560
tgcgcgcage tcectaccacct ttggcagcectg atgttgagga gcccactcectg gaagceccgatg 1620
tcgacttgat gttacaagag gctggggceccg gcectcagtgga gacacctcecgt ggcecttgataa 1680
aggttaccag ctacgatggc gaggacaaga tcggcectcectta cgcectgtgett tectceccecgcagg 1740
ctgtactcaa gagtgaaaaa ttatcttgca tccaccctcect cgcectgaacaa gtcatagtga 1800
taacacactc tggccgaaaa gggcegttatg ccgtggaacc ataccatggt aaagtagtgg 1860
tgccagaggg acatgcaata cccgtccagg actttcaagce tctgagtgaa agtgccacca 1920
ttgtgtacaa cgaacgtgag ttcgtaaaca ggtacctgca ccatattgcecc acacatggag 1980
gagcgctgaa cactgatgaa gaatattaca aaactgtcaa gcccagcgag cacgacggceg 2040
aatacctgta cgacatcgac aggaaacagt gcgtcaagaa agaactagtc actgggctag 2100
ggctcacagg cgagctggtg gatcctceccecct tceccatgaatt cgcecctacgag agtctgagaa 2160
cacgaccagce cgctceccttac caagtaccaa ccataggggt gtatggcegtg ccaggatcag 2220
gcaagtctgg catcattaaa agcgcagtca ccaaaaaaga tctagtggtg agcgccaaga 2280
aagaaaactyg tgcagaaatt ataagggacg tcaagaaaat gaaagggctg gacgtcaatg 2340
ccagaactgt ggactcagtg ctcttgaatg gatgcaaaca ccccecgtagag accctgtata 2400
ttgacgaagc ttttgcecttgt catgcaggta ctctcagagce gctcatagec attataagac 2460
ctaaaaaggc agtgctctgce ggggatccca aacagtgcegg tttttttaac atgatgtgecce 2520
tgaaagtgca ttttaaccac gagatttgca cacaagtctt ccacaaaagc atctctecgcecce 2580
gttgcactaa atctgtgact tcggtcecgtct caaccttgtt ttacgacaaa aaaatgagaa 2640
cgacgaatcc gaaagagact aagattgtga ttgacactac cggcagtacc aaacctaage 2700
aggacgatct cattctcact tgtttcagag ggtgggtgaa gcagttgcaa atagattaca 2760
aaggcaacga aataatgacg gcagctgcect ctcaagggcect gacccgtaaa ggtgtgtatg 2820
ccgttcggta caaggtgaat gaaaatcctce tgtacgcacc cacctcagaa catgtgaacg 2880
tcctactgac ccgcacggag gaccgcatcg tgtggaaaac actagceccggce gacccatgga 2940
taaaaacact gactgccaag taccctggga atttcactgce cacgatagag gagtggcaag 3000
cagagcatga tgccatcatg aggcacatct tggagagacc ggaccctacc gacgtcttcecce 3060
agaataaggc aaacgtgtgt tgggccaagg ctttagtgcce ggtgctgaag accgctggca 3120
tagacatgac cactgaacaa tggaacactg tggattattt tgaaacggac aaagctcact 3180
cagcagagat agtattgaac caactatgcg tgaggttctt tggactcgat ctggactceccg 3240
gtctattttc tgcacccact gttccgttat ccattaggaa taatcactgg gataactccce 3300
cgtcgectaa catgtacggg ctgaataaag aagtggtceccg tcagcectcectcet cgcaggtacce 3360
cacaactgcc tcgggcagtt gccactggaa gagtctatga catgaacact ggtacactge 3420
gcaattatga tccgcgcata aacctagtac ctgtaaacag aagactgcecct catgectttag 3480
tcctccacca taatgaacac ccacagagtg acttttcecttce attcecgtcage aaattgaagg 3540
gcagaactgt cctggtggtc ggggaaaagt tgtccecgtcecccec aggcaaaatg gttgactggt 3600
tgtcagaccyg gcecctgaggcet accttcagag ctcecggetgga tttaggcecatce ccaggtgatg 3660
tgcccaaata tgacataata tttgttaatg tgaggacccc atataaatac catcactatce 3720
agcagtgtga agaccatgcc attaagctta gcatgttgac caagaaagct tgtctgcatc 3780
tgaatcccgg cggaacctgt gtcagcatag gttatggtta cgctgacagg gccagcgaaa 3840
gcatcattgg tgctatagcg cggcagttca agttttcecccg ggtatgcaaa ccgaaatcecct 3900
cacttgaaga gacggaagtt ctgtttgtat tcattgggta cgatcgcaag gcccgtacge 3960
acaatcctta caagctttca tcaaccttga ccaacattta tacaggttceccec agactccacg 4020
aagccggatg tgcaccctca tatcatgtgg tgcgagggga tattgceccacg gccaccgaag 4080
gagtgattat aaatgctgct aacagcaaadg gacaaccltgg cggagggagtyg tgcggagcege 4140
tgtataagaa attcccggaa agcttcgatt tacagceccgat cgaagtagga aaagcgcecgac 4200
tggtcaaagg tgcagctaaa catatcattce atgeccecgtagg accaaacttc aacaaagttt 4260
cggaggttga aggtgacaaa cagttggcag aggcttatga gtccatcgcet aagattgtca 4320
acgataacaa ttacaagtca gtagcgattc cactgttgtc caccggcatce ttttceccggga 4380
acaaagatcg actaacccaa tcattgaacc atttgctgac agcectttagac accactgatg 4440
cagatgtagce catatactgc agggacaaga aatgggaaat gactctcaag gaagcagtgg 4500
ctaggagaga agcagtggag gagatatgca tatccgacga ctcecttcagtg acagaacctg 4560
atgcagagct ggtgagggtg catccgaaga gttctttggce tggaaggaag ggctacagca 4620
caagcgatgg caaaactttc tcatatttgg aagggaccaa gtttcaccag gcggccaagg 46080
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-continued
atatagcaga aattaatgcce atgtggcecccg ttgcaacgga Jgccaatgag caggtatgca 4740
Cgtatatcct cggagaaagc atgagcagta ttaggtcgaa atgccceccgtcec gaagagtcecgg 4800
aagcctccac accacctagce acgctgectt gettgtgcat ccatgceccatg actccagaaa 4860
gagtacagcg cctaaaagcc tcacgtccag aacaaattac tgtgtgcectca tceccecttteccat 4920
tgccgaagta tagaatcact ggtgtgcaga agatccaatg ctcccagcect atattgttet 4980
caccgaaadgt gcctgcgtat attcatccaa ggaagtatct cgtggaaaca ccaccggtag 5040
acgagactcc ggagccatcg gcagagaacce aatccacaga ggggacacct gaacaaccac 5100
cacttataac cgaggatgag accaggacta gaacgcctga gccgatcatcec atcgaagagg o160
aagaagagga tagcataagt ttgctgtcag atggcccgac ccaccaggtg ctgcaagtecg 5220
aggcagacat tcacgggccg ccctcectgtat ctagcectcatce ctggtceccatt cctcatgecat 5280
ccgactttga tgtggacagt ttatccatac ttgacaccct ggagggagct agcgtgacca 5340
gcggggcaac gtcagceccgag actaactcectt acttcecgcaaa gagtatggag tttcectggcecge 5400
gaccggtgcce tgcgcecctcga acagtattca ggaaccctcecce acatcceccecget ccgcecgcacaa 25460
gaacaccgtc acttgcaccce agcagggcect gectcgagaac cagcctagtt tccaccceccecge 5520
caggcgtgaa tagggtgatc actagagagqg agctcecgaggce gcecttacccceg tcacgcecactce 5580
ctagcaggtc ggtctcgaga accagcctgg tcectccaaccecce geccaggcegta aatagggtga 5640
ttacaagaga ggagtttgag gcgttcecgtag cacaacaaca atgacggttt gatgcgggtg 5700
catacatctt ttcctceccgac accggtcaag ggcatttaca acaaaaatca gtaaggcaaa oS/760
cggtgctatc cgaagtggtg ttggagagga ccgaattgga gatttcecgtat gccccecgegece 25820
Ltcgaccaaga aaaagaagaa ttactacgca agaaattaca gttaaatccce acacctgecta 5880
acagaagcayg ataccagtcc aggaaggtgg agaacatgaa agccataaca gctagacgta 5940
ttctgcaagg cctagggcat tatttgaagg cagaaggaaa agtggagtgce taccgaaccce ©000
Cgcatcctgt tceccectttgtat tcatctagtg tgaaccgtgce cttttcaagce cccaaggtcg 6060
cagtggaagc ctgtaacgcc atgttgaaag agaactttceccec gactgtgget tcecttactgta ©120
ttattccaga gtacgatgcc tatttggaca tggttgacgg agcecttcatge tgcttagaca ©180
ctgccagttt ttgccctgca aagctgcgca gcectttccaaa gaaacactcecce tatttggaac 6240
ccacaatacg atcggcagtg ccttcagcga tccagaacac gctccagaac gtcecctggcag ©300
ctgccacaaa aagaaattgc aatgtcacgce aaatgagaga attgcccgta ttggattcgg 6360
cggectttaa tgtggaatgce ttcaagaaat atgcecgtgtaa taatgaatat tgggaaacgt 6420
ttaaagaaaa ccccatcagg cttactgaag aaaacgtggt aaattacatt accaaattaa 6480
aaggaccaaa agctgctgect ctttttgcecga agacacataa tttgaatatg ttgcaggaca ©540
taccaatgga caggtttgta atggacttaa agagagacgt gaaagtgact ccaggaacaa ©6000
aacatactga agaacggccc aaggtacagg tgatccaggce tgccgatccecg ctagcaacag ©660
cgtatctgtyg cggaatccac cgagagctgg ttaggagatt aaatgecggtce ctgcecttccga 6720
acattcatac actgtttgat atgtcggctg aagactttga cgctattata gccgagcact 6780
tccagcecectgg ggattgtgtt ctggaaactg acatcgegtce gtttgataaa agtgaggacg ©840
acgccatggce tctgaccgcecg ttaatgattce tggaagactt aggtgtggac gcagagcectgt ©900
tgacgctgat tgaggcggct ttcggcgaaa tttcatcaat acatttgceccecc actaaaacta 6960
aatttaaatt cggagccatg atgaaatctg gaatgttcecct cacactgttt gtgaacacag 7020
tcattaacat tgtaatcgca agcagagtgt tgagagaacqg gctaaccgga tcaccatgtg 7080
cagcattcat tggagatgac aatatcgtga aaggagtcaa atcggacaaa ttaatggcag 7140
acaggtgcgc cacctggttg aatatggaag tcaagattat agatgctgtg gtgggcgaga /7200
aagcgcecctta tttctgtgga gggtttattt tgtgtgactc cgtgaccggce acagcecgtgecce 7260
gtgtggcaga cccccltaaaa aggectgttta agcecttggcaa acctcectggca gcagacgatg 7320
aacatgatga tgacaggaga agggcattgc atgaagagtc aacacgctgg aaccgagtgg 7380
gtattctttc agagctgtgcec aaggcagtag aatcaaggta tgaaaccgta ggaacttcca 7440
tcatagttat ggccatgact actctagcta gcagtgttaa atcattcagce tacctgagag 7500
gggcccecctat aactcectcectac ggctaacctg aatggactac gacatagtcect agtccgccaa 7560
gtgataaggc gcgcccaccc agcecggceccecgca tacagcagca attggcaagce tgcecttacata 7620
gaactcgcgg cgattggcat gceccgecttaa aatttttatt ttatttttet tttettttece 7680
gaatcggatt ttgtttttaa tatttcaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa {740
aaaaaagaag agcgtttaaa cacgtgatat ctggcecctcat gggcecttceccect ttcactgecce 7800
gectttceccagt cgggaaacct gtcgtgceccag ctgcattaac atggtcatag ctgtttecctt 7860
gegtattggg cgectcectecge tteccectegete actgactcege tgcecgetcecggt cgttecgggta 7920
aagcctgggg tgcctaatga gcaaaaggcc agcaaaaggce caggaaccgt aaaaaggcecg /7980
cgttgctgge gtttttccat aggctccecgcece cccecctgacga gcatcacaaa aatcgacget 6040
caagtcagag gtggcgaaac ccgacaggac tataaagata ccaggegttt ccccecctggaa 8100
gectecceccectegt gegetectect gtteccgacce tgceccecgettac cggatacctg tceccecgecttte 8160
tccettecggg aagegtggeg ctttcectcecata getcacgetg taggtatcecte agttcecggtgt 8220
aggtcgttcg ctceccaagcectg ggectgtgtge acgaaccceccce cgttcagceccecce gaccgcectgeg 8280
ccttatccgg taactatcecgt cttgagtcca acccggtaag acacgactta tcgceccactgg 8340
cagcagccac tggtaacagg attagcagag cgaggtatgt aggcggtget acagagttet 8400
tgaagtggtyg gcctaactac ggctacacta gaagaacadgt atttggtatc tgcgcectctge 8460
CLgaagccagt taccttcgga aaaagagttg gtagctcttg atccggcaaa caaaccaccg 8520
ctggtagcgg tggttttttt gtttgcaagce agcagattac gcgcagaaaa aaaggatctce 6580
aagaagatcc tttgatcttt tctacggggt ctgacgctca gtggaacgaa aactcacgtt 8640
aagggatttt ggtcatgaat acacggtgcce tgactgecgtt agcaatttaa ctgtgataaa 8700
ctaccgcatt aaagcttatc gatgataagce tgtcaaacat gagaattctt agaaaaactcec 8760
atcgagcatc aaatgaaact gcaatttatt catatcagga ttatcaatac catatttttg 8820
aaaaagccgt ttcectgtaatg aaggagaaaa ctcaccgagg cagttccata ggatggcaag 6880
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-continued

atcctggtat cggtctgcga ttccgactcecg tceccaacatca atacaaccta ttaatttceccece 5940
ctcgtcaaaa ataaggttat caagtgagaa atcaccatga gtgacgactg aatccggtga 2000
gaatggcaaa agcttatgca tttcectttcca gacttgttca acaggccagce cattacgetce 2060
gtcatcaaaa tcactcgcat caaccaaacce gttattcatt cgtgattgceg cctgagcecgag ©120
acgaaatacg cgatcgctgt taaaaggaca attacaaaca ggaatcgaat gcaaccggceg 9180
caggaacact gccagcgcat caacaatatt ttcacctgaa tcaggatatt cttctaatac 9240
ctggaatgct gttttcccgg ggatcgcagt ggtgagtaac catgcatcat caggagtacg 9¢300
gataaaatgc ttgatggtcg gaagaggcat aaattccgtc agceccagttta gtctgaccat 93¢0
ctcatctgta acatcattgg caacgctacce tttgceccatgt ttcagaaaca actctggcege 9420
atcgggcttc ccatacaatc gatagattgt cgcacctgat tgcccgacat tatcgcgage 9480
ccatttatac ccatataaat cagcatccat gttggaattt aatcgcggcce tcgagcaaga 9540
cgtttccecgt tgaatatggce tcataacacce ccttgtatta ctgtttatgt aagcagacag 26000
ttttattgtt catgagcgga tacatatttg aatgtattta gaaaaataaa caaatagggg 92660
ttcecgegecac atttceccecceccga aaagtgceccac ctaaattgta agegttaata ttttgttaaa 9720
attcgegtta aatttttgtt aaatcagcectce attttttaac caataggccg aaatcggcaa  ©¢780
aatcccttat aaatcaaaag aatagaccga gatagggttg agtggceccget acagggcecgcet 9840
cccattcgece attcaggetg cgcaactgtt gggaagggeg ttteggtgcecg ggectectteg 9900
ctattacgcc agctggcgaa agggggatgt gcectgcaaggce gattaagttg ggtaacgcecca 92960
gggttttcce agtcacacgce gtaatacgac tcactatag 9999
SEQ ID NO: 18 moltype = DNA length = 2021
FEATURE Location/Qualifiers
misc feature 1..2091

note = recomblnant Zika virus antligen construct
source 1..2091

mol type other DNA

organlsm synthetic construct
SEQ ID NO: 18
atgggcaagc ggtccgeccgg ctcectatcatg tggctggect ctcectggcecgt ggtcatcgca 60
tgcgcaggag cagcggaggt caccaggaga ggcagcegcect actatatgta cctggacaga 120
aatgatgccyg gcgaggceccat cagectttceccce accacactgg gcatgaacaa gtgttacatc 180
cagatcatgg acctgggcca catgtgcgat gccaccatgt cctatgagtg tceccaatgcectg 240
gacgagggcyg tggagcccga cgatgtggat tgctggtgta ataccacatce cacatgggtg 300
gtgtacggca ccltgccacca caagaaggga gaggcaaggce gcectcectcecggag agcagtgaca 360
ctgeccttcece actctacceccg gaagcectgcag acaagatctce agacctggcect ggagagceccgg 420
gagtatacaa agcacctgat ccgggtggag aactggatct ttagaaatcc aggattcgca 480
ctggcagcag cagcaatcgce atggctgcetg ggcagctcca cctcecccagaa agtgatctac 540
ctggtcatga tcctgctgat cgcccctgcecce tattccatca ggtgcatcgg cgtgtctaat 600
cgcgacttcg tggagggcat gtctggcggce acctgggtgg atgtggtgcect ggagcacggce ©60
ggctgcecgtga cagtgatggc ccaggacaad ccaaccgtgg acatcgagcect ggtgaccaca 720
accgtgagca acatggccga ggtgcecggtce tactgctatg aggceccagcat ctceccgacatg 780
gecectcectgata gcagatgtcecce cacccagggce gaggcecctacce tggacaagca gtcectgataca 840
cagtacgtgt gcaagaggac cctggtggac aggggatggg gaaatggatg tggcecctgttt 9S00
ggcaagggca gcctggtgac atgcecgccaag ttcecgectgtt ctaagaagat gaccggcaag 960
agcatccagc cagagaacct ggagtaccgg atcatgctga gcecgtgcacgg cagceccagcac 1020
tccggecatga tcgtgaacga cacaggccac gagacagatg agaataggge caaggtggag 1080
atcacaccta acagcccacg cgccgaggcece accctgggag gatttggete cctgggectg 1140
gactgcgagc ctagaacagg cctggacttce tccgatcectgt actatctgac catgaacaat 1200
aagcactggce tggtgcacaa ggagtggttt cacgacatcc cactgceccatg gcacgcagga 1260
gcagatacag gaaccccaca ctggaacaat aaggaggccce tggtggagtt caaggatgece 1320
cacgccaaga ggcagacagt ggtggtgcectg ggcagccagg agggagcagt gcacaccgcecce 1380
ctggcaggcyg ccctggaggce cgagatggac ggagcaaagqg gccgceccectgtce tagcecggceccac 1440
ctgaagtgcc ggctgaagat ggataagctg agactgaagg gcgtgtceccta ctcectcectgtge 1500
acagccgcct tcaccttcac caagatccecct gceccgagacac tgcacggcecac agtgaccgtg 1560
gaggtgcagt atgccggcac agacggcccce tgtaaggtgce ctgcccagat ggceccgtggat 1620
atgcagacac tgacccctgt gggcaggctg atcaccgcca atccagtgat cacagagtcece 1680
accgagaact ctaagatgat gctggagctg gaccccceccectt ttggcgatag ctatatcecgtg 1740
atcggecgtgg gcgagaagaa gatcacacac cactggcacce gcagcecggcetce cacaatcecgge 1800
aaggcctttyg aggccaccdgt gaggggagca aagaggatgg ccgtgetggg cgacaccgca 1860
tgggatttcg gectcegtggg aggcecgeccectg aactcectcectgg gcaagggcecat ccaccagatce 1920
ttcggecgeccg cctttaagtce cctgttcecgge ggcecatgtcectt ggtttagcecca gatcctgatce 1980
ggcacactgc tgatgtggct gggcecctgaac accaagaatg gctctatcag cctgatgtge 2040
ctggccecctgg gaggcegtgcet gatcttcectyg agcaccgcecg tgteccgectg a 2091
SEQ ID NO: 19 moltype = AA length = 696
FEATURE Location/Qualifiers
REGION 1..69606

note = recomblnant Zika virus antligen construct
source 1..69606

mocl type proteln

organlsm synthetic construct
SEQ ID NO: 19
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MGKRSAGSIM
QIMDLGHMCD
LPSHSTRKLEQ)
LVMILLIAPA
TVSNMAEVRS
GKGSLVTCAK
ITPNSPRAEA
ADTGTPHWNN
LKCRLKMDKL
MOTLTPVGRL
KAFEATVRGA
GTLLMWLGLN

ok LD NO:
FEATURE
source

SkEQ 1D NO:
AEVTRRGSAY

EPDDVDCWCN

okQ 1ID NO:
FEATURE
source

Sk 1D NO:
RAVTLPSHST

ok 1D NO:
FEATURE
source

ok 1D NO:
KVIYLVMILL
LVTTTVSNMA
CGLFGKGSLV
AKVEITPNSP
WHAGADTGTP
S5SGHLKCRLK
MAVDMQTLTP
STIGKAFEAT
QILIGTLLMW

Sk 1D NO:
FEATURE

WLASLAVVIA
ATMSYECPMIL
TRSQTWLESRK
YSIRCIGVSN
YCYEASTS5DM
FACSKKMTGK
TLGGFGSLGL
KEALVEFKDA
RLKGVSYSLO
ITANPVITES
KRMAVLGDTA
TKNGS 1S LMC

20

20

CAGAARVTRR
DEGVEPDDVD
EYTKHLIRVE
RDEVEGMSGG
ASDSRCPTQG
S 1QPENLEYR
DCEPRTGLDF
HAKRQTVVVL
TAAFTFTKIP
TENSKMMLEL
WDEFGSVGEGAL
LALGGVLIFL

moltype =

GSAYYMYLDR
CWCNTTSTWV
NWIFRNPGFA
TWVDVVLEHG
EAYLDKQSDT
IMLSVHGSQH
S>DLYYLTMNN
GSQEGAVHTA
AETLHGTVTV
DPPEFGDSY IV
NSLGKGILHQIL
S TAVSA

AA  length

Location/Qualifiers

1..92
mol tType
organlsm

proteln

Z1ka virus

235

-continued

NDAGEALSEP
VYGTCHHKKG
LAAAATAWLL
GCVTVMAQDK
QYVCKRTLVD
oGMIVNDTGH
KHWLVHKEWEF
LAGALEARMD
EVOYAGTDGP
IGVGEKKITH
FGAAFKSLEG

927

YMYLDRNDAG EAISFPTTLG MNRKCYIQIMD LGHMCDATMS
TTSTWVVYGT CHHKKGEARR SR

21

21

moltvype =

AA  length

Location/Qualifiers

1..60
mol tType
organlsm

proteln

Z1ka virus

= 00

TTLGMNRKCY 1
EARRSRRAVT
GSSTHSQRVIY
PTVDIELVTT
RGWGNGCGLE
ETDENRAKVE
HDIPLPWHAG
GAKGRLS5GH
CKVPAQMAVD
HWHRSGSTI1G
GMSWESQILLL

YECPMLDEGV

RKLOQTRSQTW LESREYTKHL IRVENWIFRN PGFALAAAAT AWLLGSSTSQ

27

27

TAPAYSTRCI
EVRSYCYEAS
TCAKFACSKK
RAEATLGGEFG
HWNNKEALVE
MDKLRLKGVS
VGRLITANPY
VRGAKRMAV L
LGLNTKNGS 1

23

misc_feature

SQUrce

SEQ ID NO:
atgggcaagc
CLgcgcaggag
aatgatgccg
cagatcatgg
gacgagggcy
gtgtacggca
ctgccttccce
gagtatacaa
ctggcagcag
ctggtcatga
cgcgacttcg
ggctgcgtga
accgtgagca
gcctcectgata
cagtacgtgt
ggcaagggcoed

23

ggtccgcecgg
cagcggaggt
gcgaggccat
acctgggcca
CLggagcccga
cctgccacca
actctacccg
agcacctgat
cagcaatcgc
Ccctgetgat
tggagggcat
cagtgatggc
acatggccga
gcagatgtcc
gcaagaggac
gcectggtgac

moltvype =

AA  length

Location/Qualifiers

1..520
mol type
organlsm

GVSNRDEFVEG
ILSDMASDSRC
MTGKSIQPEN
SLGLDCEPRT
FKDAHAKRQT
YSLCTAAFTE
ITESTENSKM
GDTAWDEGSV
S LMCLALGGY

moltvyvpe =

proteiln

Z1ka virus

MSGGTWVDVY
PTOQGEAYLDK
LEYRIMLSVH
GLDEFSDLYYL
VVVLGSQEGA
TKIPAETLHG
MLELDPPEGD
GGALNSLGKG
LIFLSTAVSA

DNA

Location/Qualifiers

1..2091
note =
1..2091
mol type
organlsm

ctctatcatg
caccaggaga
cagctttccce
catgtgcgat
cgatgtggat
caagaaggga
gaagctgcag
ccgggtggag
atggctgctyg
cgcccctgcec
gtctggcggce
ccaggacaag
ggtgcggtcce
cacccagggc
cctggtggac
atgcgccaag

other DNA
synthetic

CLggctggceccect
ggcagcgcct
accacactygg
gccaccatgt
tgctggtgta
gaggtaadgygo
acaagatctc
aactggatct
ggcagctcca
tattccatca
acctgggtygg
ccaaccgtygg
tactgctatg
gaggcctacc

aggggatggg
ttcgecctgtt

length

= 520

LEHGGCVTVM
QSDTQYVCKR
GSQHSGMIVN
TMNNKHWLVH
VHTALAGALLK
TVITVEVQYAG
SY IVIGVGEK
THOQIFGAAERK

= 2091

construct

ctctggccgt
actatatgta
gcatgaacaa
cctatgagtg
ataccacatc
gectcectcggag
agacctggct
ttagaaatcc
cctocccagaa
ggtgcatcgg
atgtggtgct
acatcgagct
aggccagecat
tggacaagca
JgJaaatggatg
ctaagaagat

AQDKPTVDIE
TLVDRGWGNG
DTGHETDENR
KEWFHDIPLP
AEMDGAKGRL
TDGPCKVPAQ
KITHHWHRSG
SLEGGMSWE'S

ggtcatcgca
cctggacaga
gtgttacatc
tccaatgctg
cacatgggtg
agcagtgaca
ggadgagcocygg
aggattcgca
agtgatctac
cgtgtctaat
ggagcacygygce
ggtgaccaca
ctccgacatg
gtctgataca
Ctggcctgttt
gaccggcaag

o0

120
180
240
300
360
420
430
540
600
600
696

60
92

60

60

120
180
240
300
360
420
480
520

recomblinant 7Zika virus antlgen construct

60

120
180
240
300
360
420
480
540
600
600
120
1380
640
900
900

Aug. 3, 2023
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agcatccage
tccggecatga
atcacaccta
gactgcgagc
aagcactggc
gcagatacag
cacgccaaga
ctggcaggcyg
ctgaagtgcc
acagccgcect
gaggtgcagt
atgcagacac
accgagaact
atcggcgtgg
aaggccttta
tgggatttcyg
ttcggeggceg
ggcgccctgce
ctggccaccg

ok 1D NO:
FEATURE
REGION

SOUrce

Sk 1D NO:
MGKRS5AGSIM
QIMDLGHMCD
LPSHSTRKLQ
LVMILLIAPA
TVSNMAEVRS
GKGSLVTCAK
ITPNSPRAEA
ADTGTPHWNN
LKCRLKMDKL
MOTLTPVGRL
KAFSTTLKGA
GALLLWMGVN

okQ 1ID NO:
FEATURE
source

Sk 1D NO:
AEBVTRRGSAY
EPDDVDCWCN

ok LD NO:
FEATURE
source

Sk 1D NO:
RAVTLPSHST

SEQ ID NO:
FEATURE
REGION

SOUrce

Sk 1D NO:
KVIYLVMILL
LVTTTVSNMA
CGLFGKGS LYV
AKVEITPNSP

cagagaacct
tcgtgaacga
acagcccacg
ctagaacadgqg
tggtgcacaa
gaaccccaca
ggcagacagt
ccctggaggce
ggctgaagat
tcaccttcac
atgccggcac
Cgacccctgt
ctaagatgat
gcgagaagaa
gcaccaccct
gctcececatcgg
cctttcggac
tgctgtggat
gaggcgtgct

24

24

WLASLAVVIA
ATMSYECPML
TRSQTWLESR
YSIRCIGVSN
YCYEASTSDM
FACSKKMTGK
TLGGFGSLGL
KEALVEFKDA
RLKGVSYSLO
ITANPVITES
QRLAALGDTA
ARDRSTALAF

23

23

ggagtaccgqg
cacaggccac

cgccgaggcc
cctggacttc
ggagtggttt
ctggaacaat
ggtggtgctyg
cgagatggac
ggataagctg
caagatccct
agacggcccc

gggcaggctyg
gctggagctyg
gatcacacac
Jaagggagcea
aggcgtgtte
cctgttcggce
gggcgtgaac
ggtgttcctyg

moltvpe =

atcatgctga
gagacagatg
accctgggag
tccgatcectgt
cacgacatcc
aaggaggccc

gdgcagcecaydg
gdadgtadaayd
agactgaagg
gccgagacac
tgtaaggtgc
atcaccgcca
gacccccecectt
cactggcacc
cagaggctgg
aactctatcg
ggcatgtctt

gcccgggacce
gccaccaacg

AA length

Location/Qualifiers

1..696
note =
1..696
mol tType
organlsm

CAGAAEVTRR
DEGVEPDDVD
EYTKHLIRVE
RDEVEGMSGG
ASDSRCPTQG
S1IQPENLEYR
DCEPRTGLDF
HAKRQTVVVL
TAAFTFTKIP
TENSKMMLE L
WDFGS5IGGVE
LATGGVLVFEL

moltype =

proteln
synthetic

GSAYYMYLDR
CWCNTTSTWV
NWIFRNPGFA
TWVDVVLEHG
EAYLDKQSDT
IMLSVHGSQH
SDLYYLTMNN
GSQEGAVHTA
AETLHGTVTV
DPPEFGDSY IV
NSIGKAVHQV
ATNVHA

AA  length

Location/Qualifiers

1..92
mol tType
organlsm

proteln

Z1ka virus

26

-continued

gcgtgcacgqg
agaatagggc
gatttggctc
actatctgac
cactgccatg
tggtggagtt
agggagcagt
gececgecectgtc
gecgtgtecta
tgcacggcac
ctgcccagat
atccagtgat
ttggcgatag
gecagcggetc
ccgecctggg
gcaaggccgt
ggatcaccca
ggtctatcgc
tgcacgcecctg

= 090

construct

NDAGEAITISEP
VYGTCHHKKG
LAAAATAWLL
GCVTVMAQDK
QYVCKRTLVD
SGMIVNDTGH
KHWLVHKEWEF
LAGALEAEMD
EVOYAGTDGP
1GVGEKKITH
FGGAFRTLFG

927

YMYLDRNDAG EAISFPTTLG MNKCYIQIMD LGHMCDATMS
TTSTWVVYGT CHHKKGEARR SR

20

20

moltype =

AA  length

Location/Qualifiers

1..60
mol type
organlsm

proteln

Z1lka virus

= 00

cagccagcac
caaggtggag
cctgggectyg
catgaacaat
gcacgcagga
caaggatgcc
gcacaccgcc
tagcggccac
ctctectgtygce
agtgaccgtg
ggccgtggat
cacagagtcc
ctatatcgtg
caccctgggce
cgacaccgca
gcaccaggtg
gggcctgatg
cctggeccttce
a

TTLGMNKCY I
EARRSRRAVT
GSSTOSQRVIY
PTVDIELVTT
RGWGNGCGLE
ETDENRAKVE
HDIPLPWHAG
GAKGRLS5GH
CKVPAQMAVD
HWHRSGSTLG
GMSWITQGLM

YECPMLDEGV

RKLQTRSQTW LESREYTKHL IRVENWIFRN PGFALAAAALT AWLLGSSTSQ

27

27

moltype =

AA length

Location/Qualifiers

1..520
note =
1..520
mol tType
organlsm

proteln
synthetic

TAPAYSIRCI GVSNRDEVEG MSGGTWVDVV
EVRSYCYEAS ISDMASDSRC PTQGEAYLDK
TCAKFACSKK MTGKSIQPEN LEYRIMLSVH
RABKATLGGEFG SLGLDCEPRT GLDESDLYYL

= 520

hvbrid Zika-JEV E proteln

construct

LEHGGCVTVM AQDKPTVDIE
QSDTQYVCKR TLVDRGWGNG

GSQHSGMIVN
TMNNKHWLVH

DTGHETDENR
KEWFHDIPLP

1020
1080
1140
1200
12060
1320
1380
1440
1500
15060
1620
1680
1740
1800
1860
1920
1980
2040
2091

recomblnant 7Zika virus antlgen construct

60

120
180
240
300
360
420
4380
240
600
600
696

60
92

60

60

120
180
240

Aug. 3, 2023
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27

WHAGADTGTP
5SS GHLKUCRLK
MAVDMQTLTP
STLGKAESTT
QGLMGALLLW

Sk 1D NO:
FEATURE

HWNNKEALVE
MDKLRLKGVS
VGRLITANPY
LKGAQRLAAL
MGVNARDRS T

28

misc_feature

SOuUrce

SEGQ ID NO:
atgggcaagc
tgcgcaggag
ggcgaggcccd
gacctgggcc
gtggagcccg
acctgccacc
cactctaccc
aagcacctga
gcagcaatcg
atcctgctga
gtggagggca
acagtgatgg
aacatggccg
agcagatgtc
tgcaagagga
agcctggtga
ccagagaacc
atcgtgaacg
aacagecccac
cctagaacadg
ctggtgcaca
ggaaccccac
aggcagacag
gccctggagg
cggctgaaga
ttcaccttca
tatgccggca
ctgacccctyg
tctaagatga
ggcgagaaga
gaggccaccyg
ggctccgtgg
gecectttaagt
ctgatgtyggc
ggaggcgtgce

Sk 1D NO:
FEATURE
REGION

SOuUrce

SEQ ID NO:
MGKRSAGS IM
DLGHMCDATM
HSTRKLOTRS
ILLIAPAYSI
NMAEVRSYCY
S LVITCAKFAC
NS PRAEATLG
GTPHWNNKEA
RLKMDKLRLK
LTPVGRLITA

28

ggtccgccgg
caaccaggag
Ccagctttcc
acatgtgcga
acgatgtgga
acaagaaggqg
ggaagctgca
tccgggtgga
catggctgct
tcgceccecceccectge
tgtctggcgg
cccaggacaa
aggtgcggtc
ccacccaggg
ccctggtgga
catgcgccaa
CLggagtaccg
acacaggcca
gcgccgaggce
gcctggactt
aggagtggtt
actggaacaa
tggtggtgct
ccgagatgga
tggataagct
ccaagatccc
cagacggccc
tgggcaggct
tgctggagct
agatcacaca
tgaggggagc
gaggcgccct
ccctgttcecygg
tgggcctgaa
tgatcttcct

29

29

WLASLAVVIA
SYECPMLDEG
QIWLESREYT
RCIGVSNRDE
EASTSDMASD
SKKMTGKS 1O
GFGSLGLDCE
LVEFKDAHAK
GVSYSLCTAA
NPVITESTEN

FEKDAHAKROT VVVLGSQEGA
YSLCTAAFTE TKIPAETLHG
ITESTENSKM MLELDPPEGD
GDTAWDEFGS1T GGVENSIGKA
ALAFLATGGY LVFLATNVHA

moltvype =

DNA

Location/Qualifiers

1..2082
note =
1..2082
mol tType
organlsm

ctctatcatg
aggcagcgcc
caccacactg
Ctgccaccatg
ttgctggtgt
dgaggcaagdy
gacaagatct
gaactggatc
gggcagctcc
ctattccatc
cacctgggtg
gccaaccgtyg
ctactgctat
cgaggcctac
caggggatgg
gttcgecctgt
gatcatgctyg
cgagacagat
caccctggga
ctccgatctyg
tcacgacatc
taaggaggcc
gggcagccay
cggagcaaag
gagactgaag
tgccgagaca
ctgtaaggtg
gatcaccgcc
ggaccccect
ccactggcac
aaagaggatyg
gaactctctg
cggcatgtct
caccaagaat
gagcaccgcc

moltype =

other DNA
synthetic

tggctggcecct
Ctactatatgt
ggcatgaaca
tcctatgagt
aataccacat
cgctctegga
cagacctggc
tttagaaatc
acctcccaga
aggtgcatcg
gatgtggtgc
gacatcgagc
gaggccagca
ctggacaagc
ggaaatggat
tctaagaaga
agcgtgcacg
gagaataggg
ggatttggct
tactatctga
ccactgccat
ctggtggagt
gagggagcag
ggccgcecctgt
ggcgtgtcecct
ctgcacggca
cctgcccaga
aatccagtga
tttggcgata
cgcagcecggcet
gccgtgcetgg
ggtdaadgggdgca
tggtttagcc
ggctctatca
gtgtccgect

AA  length

Location/Qualifiers

1..693
note =
1..6093
mol type
organlsm

CAGATRRGSA
VEPDDVDCWC
KHLIRVENWI
VEGMSGGETWY
SRCPTQGREAY
PENLEYRIML
PRTGLDESDL
ROTVVVLGS5Q
FTEFTKIPAET
SKMMLELDPP

protein
synthetic

YYMY LDRNDA
NTTSTWVVY(G
FRNPGFALAA
DVVLEHGGCV
LDKQSDTQYV
> VHGSQHSGM
YYLTMNNKHW
EGAVHTALAG
LHGTVTVEVQ
FGDSYIVIGY

length

-continued

VHTALAGALE AEMDGAKGRI

TVIVEVQYAG
SY IVIGVGEK
VHOVEGGAFR

= 2082

construct

ctctggcegt
acctggacag
agtgttacat
gtccaatgct
ccacatgggt
gagcagtgac
tggagagccg
caggattcgc
aagtgatcta
gcgtgtctaa
tggagcacgg
tggtgaccac
tcteccgacat
agtctgatac
gtggcctgtt
tgaccggcaa
gcagccagca
ccaaggtgga
ccctgggect
ccatgaacaa
ggcacgcagyg
tcaaggatgc
tgcacaccgc
ctagcggcca
actctctgtyg
cagtgaccgt
tggccgtgga
tcacagagtc
gctatatcecgt
ccacaatcgg
gcgacaccgc
tccaccagat
agatcctgat
gecctgatgtg
ga

= 093

construct

GEAISFPTTL
TCHHKKGEAR
AATAWLLGSS
TVMAQDKPTV
CKRTLVDRGW
IVNDTGHETD
LVHKEWEFHDI
ALEAEMDGAK
YAGTDGPCKV
GEKKITHHWH

TDGPCKVPAQ
KITHHWHRSG
TLEGGMSWIT

ggtcatcgca
aaatgatgcc
ccagatcatg
ggacygaggygo
ggtgtacggc
actgccttcc
ggagtataca
actggcagca
cctggtcatg
tcgcgacttc
cggctgcgtg
aaccgtgagc
ggcctctgat
acagtacgtg
tggcaagggc
gagcatccag
ctccggcatg
gatcacacct
ggactgcgag
taagcactygg
agcagataca
ccacgccaag
cctggcaggc
cctgaagtgc
cacagccgcc
ggaggtgcag
tatgcagaca
caccgagaac
gatcggcgtg
caaggccttt
atgggatttc
cttcggecgcec
cggcacactg
cctggcecectg

GMNKCY IQIM
RSRRAVTLPS
TSQRVIYLVM
DIELVTTTVS
GNGCGLEFGKG
ENRAKVEITP
PLPWHAGADT
GRLSSGHLKC
PAQMAVDMQT
R5GSTIGKAF

300
360
420
480
520

recomblnant 7Zika virus antlgen construct

60
120
180
240
300
360
420
4380
240
600
600
120
7380
840
900
9600
1020
1080
1140
1200
12060
1320
1380
1440
1500
1560
1620
16860
1740
1800
1860
1920
1960
2040
2082

recomblnant 7Zika virus antlgen construct

60

120
180
240
300
360
420
480
540
600
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28
-continued

EATVRGAKRM AVLGDTAWDE GSVGGALNSL GKGIHQIFGA AFKSLFGGMS WESQILIGTL 660
LMWLGLNTKN GSISLMCLAL GGVLIFLSTA VSA 093
SEQ ID NO: 30 moltyvpe = AA length = 89
FEATURE Location/Qualifiers
source 1..389

mol type = protein

organlism = Zlka vilrus
SEQ ID NO: 30
TRRGSAYYMY LDRNDAGEAI SFPTTLGMNK CYIQIMDLGH MCDATMSYEC PMLDEGVEPD 60
DVDCWCNTTS TWVVYGTCHH KKGEARRSR 69
SEQ ID NO: 31 moltype = AA length = 60
FEATURE Location/Qualifiers
source 1..60

mol type = protein

organlism = Zlka vilrus
SEQ ID NO: 31
RAVTLPSHST RKLOTRSQTW LESREYTKHL IRVENWIEFRN PGFALAAAAT AWLLGSSTSQ 60
SEQ ID NO: 327 moltyvpe = AA length = 520
FEATURE Location/Qualifiers
source 1..520

mol type = protein

organlism = Zlka vilrus
SEQ ID NO: 32
KVIYLVMILL TAPAYSIRCI GVSNRDEVEG MSGGTWVDVV LEHGGCVTVM AQDKPTVDIE  ©0
LVTTTVSENMA EVRSYCYEAS ISDMASDSRC PTQGEAYLDK QSDTQYVCKR TLVDRGWGNG 120
CGLFGKGSLV TCAKFACSKK MTGKSIQPEN LEYRIMLSVH GSQHSGMIVN DTGHETDENR 180
AKVEITPNSP RAEATLGGFG SLGLDCEPRT GLDEFSDLYYL TMNNKHWLVH KEWFHDIPLP 240
WHAGADTGTP HWNNKEALVE FKDAHAKRQT VVVLGSQEGA VHTALAGALE AEMDGAKGRL 300
SSGHLKCRLK MDKLRLKGVS YSLCTAAFTEF TKIPAETLHG TVTVEVQYAG TDGPCKVPAQ 360
MAVDMOQTLTP VGRLITANPV ITESTENSKM MLELDPPEFGD SYIVIGVGEK KITHHWHRSG 420
STIGKAFEAT VRGAKRMAVL GDTAWDEFGSY GGALNSLGKG IHQIFGAAFK SLEFGGMSWES 480
QILIGTLLMW LGLNTKNGSI SLMCLALGGV LIFLSTAVSA 520
SEQ ID NO: 33 moltype = DNA length = 12090
FEATURE Location/Qualifiers
misc feature 1..12090

note = SAM vector backbone with ZIka antigen i1insert
source 1..12090

mol type = other DNA

organlism = synthetic construct
SEQ ID NO: 33
ataggcggcyg catgagagaa gcccagacca attacctacc caaaatggag aaagttcacg 60
ttgacatcga ggaagacagc ccattcctca gagectttgca gcggagettce ccgcecagtttg 120
aggtagaagc caagcaggtc actgataatg accatgctaa tgccagagcg ttttcecgcecatce 180
tggcttcaaa actgatcgaa acggaggtgg acccatccga cacgatcecctt gacattggaa 240
gtgcgcccge ccgcagaatg tattctaagce acaagtatca ttgtatctgt ccgatgagat 300
gtgcggaaga tccggacaga ttgtataagt atgcaactaa gctgaagaaa aactgtaagg 360
aaataactga taaggaattg gacaagaaaa tgaaggagct cgccgceccecgtce atgagcgacce 420
ctgacctgga aactgagact atgtgcctcc acgacgacga gtcgtgtcecgce tacgaaggge 480
aagtcgctgt ttaccaggat gtatacgcgg ttgacggacc gacaagtctce tatcaccaag 540
ccaataaggg agttagagtc gcctactgga taggectttga caccacccecct tttatgttta 600
agaacttggce tggagcatat ccatcatact ctaccaactg ggccgacgaa accgtgttaa 660
cggctcgtaa cataggceccta tgcagcectcectyg acgttatgga gcggtcacgt agagggatgt 720
ccattcttag aaagaagtat ttgaaaccat ccaacaatgt tctattctct gttggcectcga 780
ccatctacca cgagaagagg gacttactga ggagctggca cctgceccecgtcect gtatttcact 840
tacgtggcaa gcaaaattac acatgtcggt gtgagactat agttagttgce gacgggtacg S00
tcgttaaaag aatagctatc agtccaggcecce tgtatgggaa gceccttcagge tatgcectgceta 960
cgatgcaccyg cgagggattc ttgtgctgca aagtgacaga cacattgaac ggggagaggg 1020
tctecttttece cgtgtgcacg tatgtgccag ctacattgtg tgaccaaatg actggcatac 1080
tggcaacaga tgtcagtgcg gacgacgcgce aaaaactgcect ggttgggcectc aaccagegta 1140
tagtcgtcaa cggtcgcacc cagagaaaca ccaataccat gaaaaattac cttttgcecccg 1200
tagtggccca ggcatttgcect aggtgggcaa aggaatataa ggaagatcaa gaagatgaaa 1260
ggccactagg actacgagat agacagttag tcatggggtg ttgttggget tttagaagge 1320
acaagataac atctatttat aagcgcccgg atacccaaac catcatcaaa gtgaacagceg 1380
atttccactec attcgtgcectg cccaggatag gcagtaacac attggagatc gggectgagaa 1440
caagaatcag gaaaatgtta gaggagcaca aggagccgtcec acctctcatt accgceccgagg 1500
acgtacaaga agctaagtgc gcagccgatg aggctaagga ggtgcgtgaa gceccgaggagt 1560
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-continued
tgcgcgcage tcectaccacct ttggecagcectg atgttgagga gcecccactcectg gaagceccgatg 1620
tcgacttgat gttacaagag gctggggccg gctcagtgga gacacctcecgt ggcecttgataa 1680
aggttaccag ctacgatggc gaggacaaga tcggcectcectta cgcectgtgett tcectceccecgecagg 1740
ctgtactcaa gagtgaaaaa ttatcttgca tccaccctct cgcectgaacaa gtcatagtga 1800
taacacactc tggccgaaaa gggegttatg ccgtggaacce ataccatggt aaagtagtgg 1860
tgccagaggyg acatgcaata cccgtceccagg actttcaage tcectgagtgaa agtgccacca 1920
ttgtgtacaa cgaacgtgag ttcgtaaaca ggtacctgca ccatattgcc acacatggag 19860
gagcgctgaa cactgatgaa gaatattaca aaactgtcaa gcccagcgag cacgacggceg 2040
aatacctgta cgacatcgac aggaaacagt gcgtcaagaa agaactagtc actgggctag 2100
ggctcacagg cgagctggtg gatcctceccect tceccatgaatt cgcecctacgag agtctgagaa 2160
cacgaccagc cgctccttac caagtaccaa ccataggggt gtatggcecgtg ccaggatcag 2220
gcaagtctgg catcattaaa agcgcagtca ccaaaaaaga tctagtggtg agcgccaaga 22860
aagaaaactyg tgcagaaatt ataagggacg tcaagaaaat gaaagggctg gacgtcaatg 2340
ccagaactgt ggactcagtg ctcttgaatg gatgcaaaca ccccecgtagag accctgtata 2400
ttgacgaagce ttttgcecttgt catgcaggta ctctcagagce gctcatagec attataagac 2460
ctaaaaaggc agtgctctgce ggggatccca aacagtgcecgg tttttttaac atgatgtgcece 2520
Ctgaaagtgca ttttaaccac gagatttgca cacaagtctt ccacaaaagce atctctcecgece 2580
gttgcactaa atctgtgact tcggtcecgtcect caaccttgtt ttacgacaaa aaaatgagaa 2640
cgacgaatcc gaaagagact aagattgtga ttgacactac cggcagtacc aaacctaage 2700
aggacgatct cattctcact tgtttcagag ggtgggtgaa gcagttgcaa atagattaca 2760
aaggcaacga aataatgacg gcagctgcecct ctcaagggcect gacccgtaaa ggtgtgtatg 2820
ccgttcggta caaggtgaat gaaaatcctce tgtacgcacce cacctcagaa catgtgaacg 2880
tcctactgac ccgcacggag gaccgcatcg tgtggaaaac actagceccggce gacccatgga 2940
taaaaacact gactgccaag taccctggga atttcactgce cacgatagag gagtggcaag 3000
cagagcatga tgccatcatg aggcacatct tggagagacc ggaccctacce gacgtcecttece 3060
agaataaggc aaacgtgtgt tgggccaagg ctttagtgcec ggtgctgaag accgctggca 3120
tagacatgac cactgaacaa tggaacactg tggattattt tgaaacggac aaagctcact 3180
cagcagagat agtattgaac caactatgcg tgaggttctt tggactcgat ctggactceccg 3240
gtctattttc tgcacccact gttccgttat ccattaggaa taatcactgg gataactccce 3300
cgtcgecctaa catgtacggg ctgaataaag aagtggtccg tcagcectcectcet cgcaggtacce 3360
cacaactgcc tcgggcagtt gccactggaa gagtctatga catgaacact ggtacactge 3420
gcaattatga tccgcecgcata aacctagtac ctgtaaacag aagactgcecct catgectttag 3480
tcctceccacca taatgaacac ccacagagtg acttttcecttce attcecgtcagce aaattgaagg 3540
gcagaactgt cctggtggtc ggggaaaagt tgtcecgtceccecc aggcaaaatg gttgactggt 3600
tgtcagaccyg gcctgaggcet accttcagag ctcecggcectgga tttaggcatce ccaggtgatg 3660
tgcccaaata tgacataata tttgttaatg tgaggacccecc atataaatac catcactatcec 3720
agcagtgtga agaccatgcc attaagcectta gcatgttgac caagaaagcet tgtctgcatce 3780
tgaatcccgyg cggaacctgt gtcagcatag gttatggtta cgcectgacagg gccagcgaaa 3840
gcatcattgg tgctatagcg cggcagttca agttttcecceccg ggtatgcaaa ccgaaatcecct 3900
cacttgaaga gacggaagtt ctgtttgtat tcattgggta cgatcgcaag gcccgtacge 3960
acaatcctta caagctttca tcaaccttga ccaacattta tacaggttcc agactccacg 4020
aagccggatyg tgcaccctca tatcatgtgg tgcgagggga tattgccacg gceccaccgaag 4080
gagtgattat aaatgctgct aacagcaaadg gacaaccltgg cggaggggtg tgcggagege 4140
tgtataagaa attcccggaa agcecttcgatt tacagceccgat cgaagtagga aaagcgcecgac 4200
tggtcaaagg tgcagctaaa catatcattc atgccgtagg accaaacttc aacaaagttt 4260
cggaggttga aggtgacaaa cagttggcag aggcttatga gtccatcgcet aagattgtca 4320
acgataacaa ttacaagtca gtagcgattc cactgttgtc caccggcatce ttttceccggga 4380
acaaagatcg actaacccaa tcattgaacc atttgctgac agcectttagac accactgatg 4440
cagatgtagce catatactgc agggacaaga aatgggaaat gactctcaag gaagcagtgg 4500
ctaggagaga agcagtggag gagatatgca tatccgacga ctcttcagtg acagaacctg 4560
atgcagagct ggtgagggtg catccgaaga gttctttgge tggaaggaag ggctacagca 4620
caagcgatgg caaaactttc tcatatttgg aagggaccaa gtttcaccag gcggccaagg 4680
atatagcaga aattaatgcc atgtggcccg ttgcaacgga ggccaatgag caggtatgca 4740
tgtatatcct cggagaaagc atgagcagta ttaggtcgaa atgccceccgtcec gaagagtcecgg 4800
aagcctccac accacctage acgctgecectt gcecttgtgcat ccatgceccatg actccagaaa 4860
gagtacagcg ccltaaaagcc tcacgtccag aacaaattac tgtgtgcectca tceccectttceccat 4920
tgccgaagta tagaatcact ggtgtgcaga agatccaatg ctcecccagcecct atattgttet 4980
caccgaaagt gcecctgegtat attcatccaa ggaagtatcect cgtggaaaca ccaccggtag 5040
acgagactcc ggagccatcg gcagagaacce aatccacaga ggggacacct gaacaaccac 5100
cacttataac cgaggatgag accaggacta gaacgcctga gccgatcatcec atcgaagagg S5160
aagaagagga tagcataagt ttgctgtcag atggcccgac ccaccaggtg ctgcaagtcecg 5220
aggcagacat tcacgggccg ccctcectgtat ctagcectcatce ctggtceccatt cctcatgecat 5280
ccgactttga tgtggacagt ttatccatac ttgacaccct ggagggaget agcecgtgacca 5340
gcggggcaac gtcagccgag actaactcectt acttcecgcaaa gagtatggag tttcectggege 5400
gaccggtgcce tgcecgcecctcga acagtattca ggaaccctcecce acatcceccecget ccgecgcacaa 25460
gaacaccgtc acttgcaccc agcagggcect gcectcgagaac cagcecctagtt tccaccceccecge 5520
caggcgtgaa tagggtgatc actagagagg agctcgaggce gcecttacccceg tcacgcactce 5580
ctagcaggtc ggtctcgaga accagcctgg tcectccaaccce gccaggcegta aatagggtga 5640
ttacaagaga ggagtttgag gcgttcecgtag cacaacaaca atgacggttt gatgcgggtg 5700
catacatctt ttcctceccgac accggtcaag ggcatttaca acaaaaatca gtaaggcaaa 5760
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30
-continued
cggtgctate cgaagtggtg ttggagagga ccgaattgga gatttcecgtat geccceccgcecgecec 5820
Lcgaccaaga aaaagaagaa ttactacgca agaaattaca gttaaatccc acacctgcta 5880
acagaagcag ataccagtcc aggaaggtgg agaacatgaa agccataaca gctagacgta 5940
ttctgcaagg cctagggcat tatttgaagg cagaaggaaa agtggagtgce taccgaaccce ©000
tgcatcctgt tcecectttgtat tcatctagtg tgaaccgtgce cttttcaagce cccaaggtcecg 6060
cagtggaagc ctgtaacgcce atgttgaaag agaactttcecc gactgtgget tecttactgta 6120
ttattccaga gtacgatgcc tatttggaca tggttgacgg agcttcatgce tgcttagaca ©180
ctgeccagttt ttgccctgca aagcectgcecgca gcectttccaaa gaaacactcece tatttggaac ©240
ccacaatacg atcggcagtg ccttcagcga tccagaacac gctccagaac gtcecctggcag ©300
ctgccacaaa aagaaattgc aatgtcacgce aaatgagaga attgcecceccecgta ttggattcecgg 6360
cggcctttaa tgtggaatge ttcaagaaalt atgcgtgtaa taatgaatat tgggaaacgt 6420
ttaaagaaaa ccccatcagg cttactgaag aaaacgtggt aaattacatt accaaattaa 0480
aaggaccaaa agctgctgcet ctttttgcga agacacataa tttgaatatg ttgcaggaca ©540
taccaatgga caggtttgta atggacttaa agagagacgt gaaagtgact ccaggaacaa ©600
aacatactga agaacggccc aaggtacagg tgatccaggce tgccgatccecg ctagcaacag 6660
cgtatctgtyg cggaatccac cgagagctgg ttaggagatt aaatgcecggtce ctgcecttccga 6720
acattcatac actgtttgat atgtcggctg aagactttga cgctattata gccgagcact 6780
tccagecctgg ggattgtgtt ctggaaactg acatcgcecgtce gtttgataaa agtgaggacg ©840
acgccatgge tctgaccgcecg ttaatgattce tggaagactt aggtgtggac gcagagectgt ©900
tgacgctgat tgaggcggct ttcggcgaaa tttcatcaat acatttgceccecc actaaaacta 6960
aatttaaatt cggagccatg atgaaatctg gaatgttcct cacactgttt gtgaacacag 7020
tcattaacat tgtaatcgca agcagagtgt tgagagaacqg gctaaccgga tcaccatgtg 7080
cagcattcat tggagatgac aatatcgtga aaggagtcaa atcggacaaa ttaatggcag 7140
acaggtgcgce cacctggttg aatatggaag tcaagattat agatgctgtg gtgggcgaga 7200
aagcecgecctta tttcectgtgga gggtttattt tgtgtgactc cgtgaccggce acagcecgtgece 7260
gtgtggcaga ccccctaaaa aggctgttta agecttggcaa acctctggca gcagacgatg 7320
aacatgatga tgacaggaga agggcattgce atgaagagtc aacacgctgg aaccgagtgg 7380
gtattctttc agagctgtgc aaggcagtag aatcaaggta tgaaaccgta ggaacttcca 7440
tcatagttat ggccatgact actctagcta gecagtgttaa atcattcagce tacctgagag 7500
gggcccctat aactcectctac ggcectaacctg aatggactac gacatagtcect agtccgceccaa 7560
gatgggcaag cggtccgceccg gcectctatcat gtggcectggec tectectggecg tggtcatcecge 7620
atgcgcagga gcagcggagg tcaccaggadg aggcagcgcece tactatatgt acctggacag 76080
aaatgatgcc ggcgaggcecca tcagetttcecce caccacactg ggcatgaaca agtgttacat 7740
ccagatcatg gacctgggcc acatgtgcga tgccaccatg tcecctatgagt gtccaatget 7800
ggacgagggce gtggagcccg acgatgtgga ttgectggtgt aataccacat ccacatgggt 7860
ggtgtacggc acctgccacc acaagaaggyg agaggcaagg cgctctcgga gagcagtgac 7920
actgccttce cactctacce ggaagctgca gacaagatct cagacctggce tggagagecg 71980
ggagtataca aagcacctga tccecgggtgga gaactggatce tttagaaatc caggattcecge 8040
actggcagca gcagcaatcg catggcectgct gggcagcectcecc acctcceccaga aagtgatcta 8100
cctggtcatg atcctgctga tcecgeccceccectge ctattceccatce aggtgecatcecg gecgtgtcectaa 8160
tcgecgacttc gtggagggca tgtctggcegg cacctgggtg gatgtggtge tggagcacgg 6220
cggctgcgtg acagtgatgg cccaggacaa gccaaccgtg gacatcgagce tggtgaccac 8280
aaccgtgagce aacatggccg aggtgcecggtce ctactgcectat gaggccagca tcectceccgacat 8340
ggcctctgat agcagatgtc ccacccaggg cgaggcectac ctggacaagce agtctgatac 8400
acagtacgtg tgcaagagga ccctggtgga caggggatgg ggaaatggat gtggcecctgtt 8460
tggcaagggce agcecctggtga catgcecgceccaa gttcecgectgt tcectaagaaga tgaccggcaa 8520
gagcatccag ccagagaacc tggagtaccg gatcatgctg agcgtgcacg gcagccagca ©580
ctcecggcatyg atcgtgaacg acacaggcca cgagacagat gagaataggg ccaaggtgga 8640
gatcacacct aacagcccac gcgceccgagge cacccectggga ggatttgget ccecctgggect 8700
ggactgcgag cctagaacag gcctggactt ctceccgatctg tactatctga ccatgaacaa 8760
taagcactgg ctggtgcaca aggagtggtt tcacgacatc ccactgccat ggcacgcagg 6820
agcagataca ggaaccccac actggaacaa taaggaggcece ctggtggagt tcaaggatgce 8880
ccacgccaag aggcagacag tggtggtgct gggcagccag gagggagcag tgcacaccge 8940
cctggcagge gceccecctggagg ccgagatgga cggagcaaaqg ggceccecgectgt ctagceggeca 2000
cctgaagtgce cggctgaaga tggataagcet gagactgaag ggcgtgtcecct actctcectgtg 9060
cacagccgcce ttcaccttca ccaagatceccce tgccgagaca ctgcacggca cagtgaccgt ©120
ggaggtgcag tatgccggca cagacggcecce ctgtaaggtg cctgcceccaga tggeccecgtgga ©180
tatgcagaca ctgacccctg tgggcaggct gatcaccgcecc aatccagtga tcacagagtce ©240
caccgagaac tctaagatga tgctggagct ggacccccect tttggegata getatategt ©300
gatcggcgtyg ggcgagaaga agatcacaca ccactggcac cgcagceggcet ccacaatcgg 9360
caaggccttt gaggccaccg tgaggggagce aaagaggatg gccgtgcectgg gcgacaccge Y9420
atgggatttc ggctcecegtgg gaggcecgecct gaactcectetg ggcaagggca tccaccagat 9480
cttcecggcecgee gecectttaagt cceccectgttcecgg cggecatgtet tggtttagec agatcctgat 8540
cggcacactg ctgatgtgge tgggcctgaa caccaagaat ggctctatca gecctgatgtg 9600
cctggeccecctyg ggaggcegtge tgatcttcecct gagcaccgcece gtgtcececgect gatgataagg 9660
cgcgcccace cagcggceccgce atacagcagce aattggcaag ctgcecttacat agaactcecgeg 9720
gecgattggca tgccgectta aaatttttat tttattttte ttttettttce cgaatcggat §780
tttgttttta atatttcaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaagaa 9840
gagcgtttaa acacgtgata tctggcecctca tgggeccttec tttcactgcece cgetttceccag 9900
tcgggaaacce tgtcgtgcca gctgcattaa catggtcata gcectgtttceccect tgcecgtattgg 9960
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gcgctcteccyg cttceccteget cactgactceg ctgegetcecgg tegttecgggt aaagcecctggg 10020
gtgcctaatg agcaaaaggc cagcaaaadd ccaggaaccg taaaaaggcec gecgttgetgg 10080
cgtttttcca taggctccgce ccccecctgacg agcatcacaa aaatcgacgce tcaagtcaga 10140
ggtggcgaaa cccgacagga ctataaagat accaggcegtt tcecceccecccectgga agctcecccteg 10200
tgcgctctcece tgttceccgacce ctgceccgetta ccggatacct gtceccecgecttt cteccecttegg 10260
gaagcgtgge gectttctcat agctcacget gtaggtatct cagttcecggtg taggtcecgtte 10320
gectceccaagcect gggcectgtgtg cacgaacccce ccgttcagcece cgaccgetge gecttateccg 10380
gtaactatcg tcttgagtcc aacccggtaa gacacgactt atcgceccactg gcagcageca 10440
ctggtaacag gattagcaga gcgaggtatg taggcecggtgce tacagagttce ttgaagtggt 10500
ggcctaacta cggctacaclt agaagaacag tatttggtat ctgcecgcectcectg ctgaagceccag 10560
ttaccttcgg aaaaagagtt ggtagctcectt gatccggcaa acaaaccacce gcectggtageg 10620
gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatce 10680
ctttgatctt ttctacgggg tctgacgctc agtggaacga aaactcacgt taagggattt 10740
tggtcatgaa tacacggtgc ctgactgcgt tagcaattta actgtgataa actaccgcecat 10800
taaagcttat cgatgataag ctgtcaaaca tgagaattct tagaaaaact catcgagcat 10860
caaatgaaac tgcaatttat tcatatcagg attatcaata ccatattttt gaaaaagccg 10920
tttctgtaat gaaggagaaa actcaccgag gcagttccat aggatggcaa gatcctggta 10980
tcggtctgcg attcecgactc gtccaacatce aatacaacct attaatttcecce cctcecgtcaaa 11040
aataaggtta tcaagtgaga aatcaccatg agtgacgact gaatccggtg agaatggcaa 11100
aagcttatge atttectttcece agacttgttce aacaggccag ccattacget cgtcatcaaa 11160
atcactcgca tcaaccaaac cgttattcat tcgtgattgce gecctgagcga gacgaaatac 11220
gcgatcgcectyg ttaaaaggac aattacaaac aggaatcgaa tgcaaccggce gcaggaacac 11280
Ctgccagcgca tcaacaatat tttcacctga atcaggatat tcecttctaata cctggaatge 11340
tgttttccecyg gggatcecgcag tggtgagtaa ccatgcatca tcaggagtac ggataaaatg 11400
cttgatggtc ggaagaggca taaattccgt cagccagttt agtctgacca tctcatctgt 11460
aacatcattg gcaacgctac ctttgccatg tttcagaaac aactctggcg catcgggett 11520
cccatacaat cgatagattg tcgcacctga ttgcccgaca ttatcgcgag cccatttata 11280
cccatataaa tcagcatcca tgttggaatt taatcgcecggce ctcgagcaag acgtttcecccecg 11640
ttgaatatgg ctcataacac cccttgtatt actgtttatg taagcagaca gttttattgt 11700
tcatgagcgg atacatattt gaatgtattt agaaaaataa acaaataggg gttccgegeca 11760
catttcceccyg aaaagtgcecca cctaaattgt aagcecgttaat attttgttaa aattcgegtt 11820
aaatttttgt taaatcagct cattttttaa ccaataggcc gaaatcggca aaatccctta 11880
taaatcaaaa gaatagaccg agatagggtt gagtggccgce tacagggcecge tcecccattcege 11840
cattcaggct gcgcaactdgt tgggaagggce gtttcecggtgce gggectcettce getattacge 12000
cagctggcga aagggggatg tgctgcaagg cgattaagtt gggtaacgcec agggttttee 12060
cagtcacacg cgtaatacga ctcactatag 12090
SEQ ID NO: 34 moltyvpe = DNA length = 12090
FEATURE Location/Qualifiers
misc feature 1..12090

note = SAM vector backbone with ZIka antigen i1nsert
source 1..12080

mol type other DNA

organlsm synthetic construct
SEQ ID NO: 34
ataggcggcyg catgagagaa Jgcccagacca attacctacc caaaatggag aaagttcacg o©0
ttgacatcga ggaagacagc ccattcctca gagectttgca gcggagettce ccgcecagtttg 120
aggtagaagc caagcaggtc actgataatg accatgctaa tgccagagcecg ttttegcatce 180
Ctggcttcaaa actgatcgaa acggaggtgg acccatccga cacgatccectt gacattggaa 240
gtgcgcccge ccgcagaatg tattctaage acaagtatca ttgtatctgt ccgatgagat 300
gtgcggaaga tccecggacaga ttgtataagt atgcaactaa gctgaagaaa aactgtaagg 3600
aaataactga taaggaattg gacaagaaaa tgaaggagct cgccgccgtce atgagcgacc 420
ctgacctgga aactgagact atgtgcctcce acgacgacga gtcgtgtcecge tacgaaggge 480
aagtcgctgt ttaccaggat gtatacgcgg ttgacggacc gacaagtctce tatcaccaag 2540
ccaataaggg agttagagtc gcctactgga taggcectttga caccacccecct tttatgttta 600
agaacttggc tggagcatat ccatcatact ctaccaactg ggccgacgaa accgtgttaa ©60
cggctcgtaa cataggceccta tgcagcectctyg acgttatgga gcggtcacgt agagggatgt 720
ccattcttag aaagaagtat ttgaaaccat ccaacaatgt tctattctct gttggcectcga 780
ccatctacca cgagaagagg gacttactga ggagctggca cctgceccecgtcect gtatttcact 840
tacgtggcaa gcaaaattac acatgtcggt gtgagactat agttagttgc gacgggtacg 900
tcgttaaaag aatagctatc agtccaggcce tgtatgggaa gceccttcagge tatgctgecta 960
cgatgcaccyg cgagggattc ttgtgctgca aagtgacaga cacattgaac ggggagaggg 1020
tctecttttece cgtgtgcacg tatgtgccag ctacattgtg tgaccaaatg actggcatac 1080
tggcaacaga tgtcagtgcg gacgacgcgce aaaaactget ggttgggcectce aaccagcecgta 1140
tagtcgtcaa cggtcgcacc cagagaaaca ccaaltaccat gaaaaattac cttttgecceccg 1200
tagtggccca ggcatttgct aggtgggcaa aggaatataa ggaagatcaa gaagatgaaa 1260
ggccactagg actacgagat agacagttag tcatggggtg ttgttggget tttagaagge 1320
acaagataac atctatttat aagcgcccgg atacccaaac catcatcaaa gtgaacageg 1380
atttccactec attcgtgetg cccaggatag gcagtaacac attggagatce gggctgagaa 1440
caagaatcag gaaaatgtta gaggagcaca aggagccgtc acctctcatt accgceccgagg 1500
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acgtacaaga agctaagtgce gcagccgatyg aggcectaagga ggtgcecgtgaa gceccgaggagt 1560
tgcgcgcage tcectaccacct ttggcagcectg atgttgagga gcccactctg gaagceccgatg 1620
tcgacttgat gttacaagag gctggggceccg gctcagtgga gacacctcecgt ggcecttgataa 1680
aggttaccag ctacgatggc gaggacaaga tcggcectcectta cgectgtgett tcectceccecgecagg 1740
ctgtactcaa gagtgaaaaa ttatcttgca tccaccctcect cgcectgaacaa gtcatagtga 1800
taacacactc tggccgaaaa gggegttatg ccgtggaacc ataccatggt aaagtagtgg 1860
tgccagaggg acatgcaata cccgtccagg actttcaagce tctgagtgaa agtgccacca 1920
ttgtgtacaa cgaacgtgag ttcgtaaaca ggtacctgca ccatattgcc acacatggag 1980
gagcgctgaa cactgatgaa gaatattaca aaactgtcaa gcccagcgag cacgacggceg 2040
aatacctgta cgacatcgac aggaaacagt gcgtcaagaa agaactagtc actgggctag 2100
ggctcacagg cgagctggtg gatcctcececct tceccatgaatt cgcctacgag agtctgagaa 2160
cacgaccagce cgctceccttac caagtaccaa ccataggggt gtatggcecgtg ccaggatcag 2220
gcaagtctgg catcattaaa agcgcagtca ccaaaaaaga tctagtggtg agcgccaaga 2280
aagaaaactyg tgcagaaatt ataagggacg tcaagaaaat gaaagggctg gacgtcaatg 2340
ccagaactgt ggactcagtg ctcttgaatg gatgcaaaca ccccecgtagag accctgtata 2400
ttgacgaagce ttttgcttgt catgcaggta ctctcagagce gectcatagcece attataagac 2460
ctaaaaaggc agtgctctgce ggggatccca aacagtgcgg tttttttaac atgatgtgcece 2520
Ctgaaagtgca ttttaaccac gagatttgca cacaagtctt ccacaaaagc atctctcecgcecce 2580
gttgcactaa atctgtgact tcggtcecgtcect caaccttgtt ttacgacaaa aaaatgagaa 2640
cgacgaatcc gaaagagact aagattgtga ttgacactac cggcagtacc aaacctaage 2700
aggacgatct cattctcact tgtttcagag ggtgggtgaa gcagttgcaa atagattaca 2760
aaggcaacga aataatgacg gcagctgcecct ctcaagggcect gacccgtaaa ggtgtgtatg 2820
ccgttcggta caaggtgaat gaaaatcctce tgtacgcacc cacctcagaa catgtgaacg 2880
tcctactgac ccgcacggag gaccgcatcg tgtggaaaac actagceccggce gacccatgga 2940
taaaaacact gactgccaag taccctggga atttcactgce cacgatagag gagtggcaag 3000
cagagcatga tgccatcatg aggcacatct tggagagacc ggaccctacce gacgtcttcecce 3060
agaataaggc aaacgtgtgt tgggccaagg ctttagtgcce ggtgctgaag accgctggeca 3120
tagacatgac cactgaacaa tggaacactg tggattattt tgaaacggac aaagctcact 3180
cagcagagat agtattgaac caactatgcg tgaggttcectt tggactcgat ctggactceccg 3240
gtctattttc tgcacccact gttccgttat ccattaggaa taatcactgg gataactccce 3300
cgtcgcecctaa catgtacggg ctgaataaag aagtggtccecg tcagcectctcet cgcaggtacce 3360
cacaactgcc tcgggcagtt gccactggaa gagtctatga catgaacact ggtacactge 3420
gcaattatga tccecgecgcata aacctagtac ctgtaaacag aagactgcecct catgectttag 3480
tcctccacca taatgaacac ccacagagtg acttttcecttce attecgtcage aaattgaagg 3540
gcagaactgt cctggtggtc ggggaaaagt tgtcecgtceccecc aggcaaaatg gttgactggt 3600
tgtcagaccyg gcctgagget accttcagag ctcecggcectgga tttaggcatce ccaggtgatg 3660
tgcccaaata tgacataata tttgttaatg tgaggacccc atataaatac catcactatcec 3720
agcagtgtga agaccatgcc attaagcectta gcatgttgac caagaaagcet tgtctgecatce 3780
tgaatcccgg cggaacctgt gtcagcecatag gttatggtta cgcectgacagg gccagcgaaa 3840
gecatcattgg tgctatagcg cggcagttca agttttceccececg ggtatgcaaa ccgaaatcecct 3900
cacttgaaga gacggaagtt ctgtttgtat tcattgggta cgatcgcaag gcccgtacge 3960
acaatcctta caagctttca tcaaccttga ccaacattta tacaggttcc agactccacg 4020
aagccggatyg tgcaccctca tatcatgtgg tgcgagggga tattgccacg gccaccgaag 4080
gagtgattat aaatgctgct aacagcaaad gacaacctgg cggaggggtg tgcggagcege 4140
tgtataagaa attcccggaa agcecttcgatt tacagccgat cgaagtagga aaagcgcgac 4200
tggtcaaagg tgcagctaaa catatcattc atgccecgtagg accaaacttc aacaaagttt 4260
cggaggttga aggtgacaaa cagttggcag aggcttatga gtccatcgcet aagattgtca 4320
acgataacaa ttacaagtca gtagcgattc cactgttgtc caccggcecatce ttttceccggga 4380
acaaagatcg actaacccaa tcattgaacc atttgctgac agetttagac accactgatg 4440
cagatgtagce catatactgc agggacaaga aatgggaaat gactctcaag gaagcagtgg 4500
ctaggagaga agcagtggag gagatatgca tatccgacga ctcttcagtg acagaacctg 4560
atgcagagct ggtgagggtg catccgaaga gttctttggce tggaaggaag ggctacagca 4620
caagcgatgg caaaactttc tcatatttgg aagggaccaa gtttcaccag gcggccaagg 4680
atatagcaga aattaatgcc atgtggcccg ttgcaacgga ggccaatgag caggtatgca 4740
tgtatatcct cggagaaagc atgagcagta ttaggtcgaa atgceccceccgtce gaagagtcgg 4800
aagcctccac accacctagce acgctgcectt gettgtgcat ccatgceccatg actccagaaa 4860
gagtacagcg cctaaaagcc tcacgtccag aacaaattac tgtgtgcectca tceccecttteccat 4920
tgccgaagta tagaatcact ggtgtgcaga agatccaatg ctcecccagecect atattgttet 4980
caccgaaagt gcecctgcegtat attcatccaa ggaagtatcect cgtggaaaca ccaccggtag 5040
acgagactcc ggagccatcg gcagagaacce aatccacaga ggggacacct gaacaaccac 25100
cacttataac cgaggatgag accaggacta gaacgcctga gccgatcatc atcgaagagg oS160
aagaagagga tagcataagt ttgctgtcag atggcecccgac ccaccaggtg ctgcaagtcecg 5220
aggcagacat tcacgggceccg ccctcectgtat ctagcectcatce ctggtceccatt cctcatgecat 5280
ccgactttga tgtggacagt ttatccatac ttgacaccct ggagggagct agcecgtgacca 5340
gcggggcaac gtcagceccgag actaactcectt acttcecgcaaa gagtatggag tttcectggege 5400
gaccggtgcce tgcecgcecctcga acagtattca ggaaccctcecc acatcceccgcet ccgecgcacaa 5460
gaacaccgtc acttgcacccec agcagggcect gcectcgagaac cagcecctagtt tccaccceccecge 5520
caggcgtgaa tagggtgatc actagagagqg agctcgaggce gcttacccceg tcacgcacte 5580
ctagcaggtc ggtctcgaga accagcctgg tctccaaccecce geccaggcecgta aatagggtga 5640
ttacaagaga ggagtttgag gcgttcgtag cacaacaaca atgacggttt gatgcgggtg 5700




US 2023/0242593 Al Aug. 3, 2023
33
-continued
catacatctt ttcctceccgac accggtcaag ggcatttaca acaaaaatca gtaaggcaaa S/60
cggtgctatc cgaagtggtg ttggagagga ccgaattgga gatttcecgtat gccccecgecgecce 5820
Lcgaccaaga aaaagaagaa ttactacgca agaaattaca gttaaatccce acacctgcta 5880
acagaagcag ataccagtcc aggaaggtgg agaacatgaa agccataaca gctagacgta 5940
ttctgcaagg cctagggcat tatttgaagg cagaaggaaa agtggagtgce taccgaaccce ©000
Cgcatcectgt tecectttgtat tcatctagtg tgaaccgtge cttttcaage cccaaggtcg 6060
cagtggaagc ctgtaacgcc atgttgaaaqg agaactttcecce gactgtgget tcecttactgta ©120
ttattccaga gtacgatgcce tatttggaca tggttgacgg agcecttcatgce tgcecttagaca ©180
ctgeccagttt ttgccctgca aagcectgcecgca gcectttccaaa gaaacactcece tatttggaac 6240
ccacaatacg atcggcagtg ccttcagecga tccagaacac gctccagaac gtceccectggcag 6300
ctgccacaaa aagaaalttgc aatgtcacgce aaatgagaga attgcccgta ttggattcgg 6360
cggcecctttaa tgtggaatgce ttcaagaaat atgcgtgtaa taatgaatat tgggaaacgt 0420
ttaaagaaaa ccccatcagg cttactgaag aaaacgtggt aaattacatt accaaattaa 0480
aaggaccaaa agctgctgcet ctttttgcga agacacataa tttgaatatg ttgcaggaca ©540
taccaatgga caggtttgta atggacttaa agagagacgt gaaagtgact ccaggaacaa ©600
aacatactga agaacggccce aaggtacagg tgatccaggce tgccgatceccg ctagcaacag 6660
cgtatctgtyg cggaatccac cgagagctgg ttaggagatt aaatgcggtce ctgcttccga 6720
acattcatac actgtttgat atgtcggctg aagactttga cgctattata gccgagcact 6780
tccagecctgg ggattgtgtt ctggaaactg acatcgcecgtce gtttgataaa agtgaggacg ©840
acgccatgge tctgaccgcecg ttaatgattce tggaagactt aggtgtggac gcagagetgt 6900
CLgacgctgat tgaggcggct ttcggcgaaa tttcatcaat acatttgccce actaaaacta 6960
aatttaaatt cggagccatg atgaaatctg gaatgttcct cacactgttt gtgaacacag 7020
tcattaacat tgtaatcgca agcagagtgt tgagagaacg gctaaccgga tcaccatgtg 7080
cagcattcat tggagatgac aatatcgtga aaggagtcaa atcggacaaa ttaatggcag 7140
acaggtgcgce cacctggttg aatatggaag tcaagattat agatgcectgtg gtgggcgaga 7200
aagcgcctta tttectgtgga gggtttattt tgtgtgactc cgtgaccgge acagcgtgcece 7260
gtgtggcaga ccccctaaaa aggcectgttta agcecttggcaa acctcectggca gcagacgatg 7320
aacatgatga tgacaggaga agggcattgce atgaagagtc aacacgctgg aaccgagtgg 7380
gtattctttc agagctgtgc aaggcagtag aatcaaggta tgaaaccgta ggaacttcca 7440
tcatagttat ggccatgact actctagcta gecagtgttaa atcattcagce tacctgagag 7500
gggcccctat aactctctac ggctaacctg aatggactac gacatagtcect agtccgccaa 7560
gatgggcaag cggtccgceccg gcectcectatcat gtggcectggcece tcectetggcececg tggtcatcecge 76020
atgcgcagga gcagcggagg tcaccaggadg aggcagcgcece tactatatgt acctggacag 7680
aaatgatgcc ggcgaggcecca tcagcetttcecce caccacactg ggcatgaaca agtgttacat 7740
ccagatcatg gacctgggcc acatgtgcga tgccaccatg tcecctatgagt gtccaatget 7800
ggacgagggce gtggagcccg acgatgtgga ttgctggtgt aataccacat ccacatgggt 7860
ggtgtacggc acctgccacc acaagaaggg agaggcaadgg cgctctcgga gagcagtgac 7920
actgccttce cactctacce ggaagctgca gacaagatct cagacctggce tggagagecg 7980
ggagtataca aagcacctga tccgggtgga gaactggatc tttagaaatc caggattcecge 8040
actggcagca gcagcaatcg catggctgct gggcagctcecc acctcceccaga aagtgatcta 8100
cctggtcatg atcctgctga tcecgceccceccectge ctattceccatce aggtgecatcecg gecgtgtcectaa ©lel
tcgecgacttc gtggagggca tgtctggcecgg cacctgggtg gatgtggtge tggagcacgg 8220
cggcectgecgtyg acagtgatgg cccaggacaa gccaaccgtg gacatcgagce tggtgaccac 8280
aaccgtgagce aacatggceccg aggtgcecggtce ctactgcectat gaggccagca tcectceccgacat 8340
ggcctctgat agcagatgtc ccacccaggg cgaggcctac ctggacaage agtctgatac 8400
acagtacgtg tgcaagagga ccctggtgga caggggatgg ggaaatggat gtggecctgtt 8460
tggcaagggc agcctggtga catgcgccaa gttcecgectgt tcectaagaaga tgaccggcaa 8520
gagcatccag ccagagaacc tggagtaccg gatcatgcectg agecgtgcacg gcagccagca ©580
ctcecggecatyg atcgtgaacg acacaggcca cgagacagat gagaataggg ccaaggtgga 8640
gatcacacct aacagcccac gcgceccgaggce caccctggga ggatttgget ccecctgggect 8700
ggactgcgag ccltagaacag gcctggactt ctceccgatctg tactatctga ccatgaacaa B760
taagcactgg ctggtgcaca aggagtggtt tcacgacatc ccactgccat ggcacgcagg 8820
agcagataca ggaaccccac actggaacaa taaggaggcecec ctggtggagt tcaaggatgce 8880
ccacgccaadg aggcagacag tggtggtgct gggcagccaqg gagggagcag tgcacaccge 8940
cctggcagge gccctggagg ccgagatgga cggagcaaag ggccecgectgt ctagcecggeca 9000
cctgaagtgce cggctgaaga tggataagct gagactgaag ggcecgtgtceccect actctcectgtg 2060
cacagccgcce ttcaccttca ccaagatcecce tgccgagaca ctgcacggca cagtgaccgt 9120
ggaggtgcag tatgccggca cagacggcecce ctgtaaggtg cctgcecceccaga tggeccecgtgga ©180
tatgcagaca ctgacccctg tgggcaggct gatcaccgcecc aatccagtga tcacagagtce 9240
caccgagaac tctaagatga tgctggagct ggacccccect tttggcecgata getatatcegt 9300
gatcggcgtyg ggcgagaaga agatcacaca ccactggcac cgcagcecggcet ccaccctggg 9360
caaggccttt agcaccaccce tgaagggagce acagaggctg gceccgceccecctgg gcgacaccge 9420
atgggatttc ggctccatcg gaggcecgtgtt caactcectatcec ggcaaggceccecg tgcaccaggt 9480
gttcggcgge gectttcecgga ccecctgttegyg cggcatgtet tggatcacce agggcecctgat 9540
gggcgceccecctyg ctgcectgtgga tgggcgtgaa cgcccecgggac cggtcectatcecg ccctggectt 96000
cctggccacce ggaggcecgtge tggtgttcecct ggccaccaac gtgcacgcecct gatgataagg 2660
cgcgcccace cagcecggcecgce atacagcagce aattggcaag ctgcecttacat agaactcecgeg 9720
gecgattggeca tgccgectta aaatttttat tttattttte ttttetttte cgaatcggat ©780
tttgttttta atatttcaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaagaa 9840
gagcgtttaa acacgtgata tctggcecctca tgggecttcecce tttcactgec cgetttceccag 9900
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tcgggaaacce tgtcgtgcca gcectgcattaa catggtcata getgtttect tgecgtattgg 99560
gecgetctcececg cttececteget cactgactcecg ctgcecgetcecgg tegttecgggt aaagectggg 10020
gtgcctaatyg agcaaaaggc cagcaaaadd ccaggaaccg taaaaaggcecce gegttgetgg 10080
cgtttttcca taggctceccgce ccccecctgacg agcatcacaa aaatcgacge tcaagtcaga 10140
ggtggcgaaa cccgacagga ctataaagat accaggecgtt tcecceccecccectgga agctcecccteg 10200
tgcgectctece tgttccgacce ctgceccgetta ccggatacct gtceccecgecttt cteccecttegg 10260
gaagcgtggce gcectttcectcat agcectcacgcect gtaggtatcect cagttcecggtg taggtcecgttce 10320
gctceccaagcect gggcectgtgtg cacgaacccce ccgttcagcece cgaccgetge gecttatcecg 10380
gtaactatcg tcttgagtcc aacccggtaa gacacgactt atcgceccactg gcagcageca 10440
ctggtaacag gattagcaga gcgaggtatg taggcecggtgce tacagagttce ttgaagtggt 10500
ggcctaacta cggctacact agaagaacag tatttggtat ctgcgcectctg ctgaagccag 10560
ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacce gectggtageg 10620
gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatce 10680
ctttgatctt ttctacgggg tctgacgctce agtggaacga aaactcacgt taagggattt 10740
tggtcatgaa tacacggtgc ctgactgcecgt tagcaattta actgtgataa actaccgcecat 10800
taaagcttat cgatgataag ctgtcaaaca tgagaattct tagaaaaact catcgagcat 10860
caaatgaaac tgcaatttat tcatatcagg attatcaata ccatattttt gaaaaagccg 10920
tttctgtaat gaaggagaaa actcaccgag gcagttccat aggatggcaa gatcctggta 10980
tcggtctgecg attcecgacte gtccaacatce aatacaacct attaatttcecce cctcecgtcaaa 11040
aataaggtta tcaagtgaga aatcaccatg agtgacgact gaatccecggtg agaatggcaa 11100
aagcttatgce atttctttecce agacttgttc aacaggccag ccattacgcet cgtcatcaaa 11160
atcactcgca tcaaccaaac cgttattcat tcgtgattgce gcctgagcga gacgaaatac 11220
gcgatcgectyg ttaaaaggac aattacaaac aggaatcgaa tgcaaccggce gcaggaacac 11280
tgccagcgca tcaacaatat tttcacctga atcaggatat tcecttctaata cctggaatge 11340
tgttttccecyg gggatcgcag tggtgagtaa ccatgcatca tcaggagtac ggataaaatg 11400
cttgatggtc ggaagaggca taaattccegt cagccagttt agtctgacca tcectcatctgt 11460
aacatcattyg gcaacgctac ctttgccatg tttcagaaac aactctggcecg catcgggett 11520
cccatacaat cgatagattg tcgcacctga ttgcccgaca ttatcgcgag cccatttata 11580
cccatataaa tcagecatcca tgttggaatt taatcgcecggce ctcgagcaag acgtttcecceccg 11640
ttgaatatgg ctcataacac cccttgtatt actgtttatg taagcagaca gttttattgt 11700
tcatgagcgg atacatattt gaatgtattt agaaaaataa acaaataggg gttccgcecgca 11760
catttccceccyg aaaagtgcecca cctaaattgt aagecgttaat attttgttaa aattcecgegtt 11820
aaatttttgt taaatcagct cattttttaa ccaataggcc gaaatcggca aaatccctta 11880
taaatcaaaa gaatagaccg agatagggtt gagtggccgce tacagggcege tcecccattcege 11840
cattcaggct gcgcaactgt tgggaagggce gtttecggtge gggcecctette getattacge 12000
cagctggcga aagggggatg tgctgcaagg cgattaagtt gggtaacgcecec agggttttcece 120060
cagtcacacg cgtaatacga ctcactatag 12090
SEQ ID NO: 35 moltype = DNA length = 12081
FEATURE Location/Qualifiers
misc feature 1..12081

note = SAM vector backbone with ZIka antigen 1nsert.
source 1..12081

mol type = other DNA

organlism = synthetic construct
SEQ ID NO: 35
ataggcggcyg catgagagaa gcccagacca attacctacc caaaatggag aaagttcacg 60
ttgacatcga ggaagacagc ccattcctca gagectttgca gcggagettce ccgcecagtttg 120
aggtagaagc caagcaggtc actgataatg accatgctaa tgccagagcg ttttcecgecatcec 180
tggcttcaaa actgatcgaa acggaggtgg acccatccga cacgatccectt gacattggaa 240
gtgcgcccge ccgcagaatg tattctaagce acaagtatca ttgtatctgt ccgatgagat 300
gtgcggaaga tccggacaga ttgtataagt atgcaactaa gctgaagaaa aactgtaagg 360
aaataactga taaggaattg gacaagaaaa tgaaggagct cgccgceccecgtce atgagcgacc 420
ctgacctgga aactgagact atgtgcctcc acgacgacga gtcgtgtcecge tacgaagggce 480
aagtcgctgt ttaccaggat gtatacgcegg ttgacggacc gacaagtctce tatcaccaag 540
ccaataaggg agttagagtc gcctactgga taggcectttga caccacccecct tttatgttta ©00
agaacttggc tggagcatat ccatcatact ctaccaactg ggccgacgaa accgtgttaa 660
cggctcgtaa cataggceccta tgcagcectcectg acgttatgga gcggtcacgt agagggatgt 720
ccattcttag aaagaagtat ttgaaaccat ccaacaatgt tctattctct gttggctcga 780
ccatctacca cgagaagagg gacttactga ggagctggca cctgceccecgtcect gtatttcact 840
tacgtggcaa gcaaaattac acatgtcggt gtgagactat agttagttgc gacgggtacg 900
tcgttaaaag aatagctatc agtccaggcecce tgtatgggaa gceccttcagge tatgectgeta 960
cgatgcaccyg cgagggattc ttgtgctgca aagtgacaga cacattgaac ggggagaggg 1020
tctecttttece cgtgtgcacg tatgtgccag ctacattgtg tgaccaaatg actggcatac 1080
tggcaacaga tgtcagtgcg gacgacgcgce aaaaactgcect ggttgggcectc aaccagegta 1140
tagtcgtcaa cggtcgcacc cagagaaaca ccaataccat gaaaaattac cttttgecccg 1200
tagtggccca ggcatttgcect aggtgggcaa aggaatataa ggaagatcaa gaagatgaaa 1260
ggccactagg actacgagat agacagttag tcatggggtg ttgttggget tttagaagge 1320
acaagataac atctatttat aagcgcccecgg atacccaaac catcatcaaa gtgaacagceg 1380
atttccactc attcgtgctg cccaggatag gcagtaacac attggagatc gggctgagaa 1440
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caagaatcag gaaaatgtta gaggagcaca aggagceccecgtce acctcectcecatt accgceccgagg 1500
acgtacaaga agctaagtgc gcagccgatdg aggctaagga ggtgcgtgaa gceccgaggagt 1560
tgcgcgcage tcectaccacct ttggcagcetg atgttgagga gcccactcectg gaagceccgatg 1620
tcgacttgat gttacaagag gctggggceccg gcectcagtgga gacacctcecgt ggcecttgataa 1680
aggttaccag ctacgatggc gaggacaaga tcggcectcectta cgcectgtgett tcectcececgecagg 1740
ctgtactcaa gagtgaaaaa ttatcttgca tccaccctect cgctgaacaa gtcatagtga 1800
taacacactc tggccgaaaa gggecgttatg ccgtggaacce ataccatggt aaagtagtgg 1860
tgccagaggg acatgcaata cccgtceccagg actttcaagce tctgagtgaa agtgccacca 1920
ttgtgtacaa cgaacgtgag ttcgtaaaca ggtacctgca ccatattgcecc acacatggag 1980
gagcgctgaa cactgatgaa gaatattaca aaactgtcaa gcccagcgag cacgacggceg 2040
aatacctgta cgacatcgac aggaaacagt gcgtcaagaa agaactagtce actgggctag 2100
ggctcacagg cgagctggtg gatcctceccecct tceccatgaatt cgcecctacgag agtctgagaa 2160
cacgaccagce cgctceccttac caagtaccaa ccataggggt gtatggcecgtyg ccaggatcag 2220
gcaagtctgg catcattaaa agcgcagtca ccaaaaaaga tctagtggtg agcgccaaga 2280
aagaaaactyg tgcagaaatt ataagggacg tcaagaaaat gaaagggctg gacgtcaatg 2340
ccagaactgt ggactcagtg ctcttgaatg gatgcaaaca ccccecgtagag accctgtata 2400
ttgacgaagce ttttgcttgt catgcaggta ctctcagagce gcectcatagcecce attataagac 2460
ctaaaaaggc agtgctctgc ggggatccca aacagtgcgg tttttttaac atgatgtgecce 2520
tgaaagtgca ttttaaccac gagatttgca cacaagtctt ccacaaaagc atctctcecgecce 2580
gttgcactaa atctgtgact tcggtcecgtcect caaccttgtt ttacgacaaa aaaatgagaa 2640
cgacgaatcc gaaagagact aagattgtga ttgacactac cggcagtacc aaacctaage 2700
aggacgatct cattctcact tgtttcagag ggtgggtgaa gcagttgcaa atagattaca 2760
aaggcaacga aataatgacg gcagctgcecct ctcaagggcect gacccgtaaa ggtgtgtatg 2820
ccgttcggta caaggtgaat gaaaatcctce tgtacgcacc cacctcagaa catgtgaacg 2880
tcctactgac ccgcacggag gaccgcatcg tgtggaaaac actagceccggce gacccatgga 2940
taaaaacact gactgccaag taccctggga atttcactgce cacgatagag gagtggcaag 3000
cagagcatga tgccatcatg aggcacatct tggagagacc ggaccctacc gacgtcttece 3060
agaataaggc aaacgtgtgt tgggccaagg ctttagtgcce ggtgctgaag accgctggca 3120
tagacatgac cactgaacaa tggaacactg tggattattt tgaaacggac aaagctcact 3180
cagcagagat agtattgaac caactatgcg tgaggttctt tggactcgat ctggactceccg 3240
gtctattttc tgcacccact gttccgttat ccattaggaa taatcactgg gataactccce 3300
cgtcgecctaa catgtacggg ctgaataaag aagtggtceccg tcagcectcectcet cgcaggtacce 3360
cacaactgcc tcgggcagtt gccactggaa gagtctatga catgaacact ggtacactge 3420
gcaattatga tccgcecgcata aacctagtac ctgtaaacag aagactgcecct catgectttag 3480
tcctccacca taatgaacac ccacagagtg acttttcecttce attcecgtcage aaattgaagg 3540
gcagaactgt cctggtggtc ggggaaaagt tgtccecgtcecc aggcaaaatg gttgactggt 3600
tgtcagaccyg gcctgaggcect accttcagag ctcecggcectgga tttaggcatc ccaggtgatg 3660
tgcccaaata tgacataata tttgttaatg tgaggacccc atataaatac catcactatce 3720
agcagtgtga agaccatgcc attaagcectta gcecatgttgac caagaaagcect tgtctgcatce 3780
tgaatcccgg cggaacctgt gtcagcatag gttatggtta cgcectgacagg gccagcgaaa 3840
gecatcattgg tgctatagcg cggcagttca agttttcecceccg ggtatgcaaa ccgaaatcecct 3900
cacttgaaga gacggaagtt ctgtttgtat tcattgggta cgatcgcaag gcccgtacge 3960
acaatcctta caagctttca tcaaccttga ccaacattta tacaggttcecc agactccacg 4020
aagccggatg tgcaccctca tatcatgtgg tgcgagggga tattgceccacg gceccaccgaag 4080
gagtgattat aaatgctgct aacagcaaag gacaacctgg cggaggggtg tgcggagcecge 4140
tgtataagaa attcccggaa agcttcgatt tacagceccgat cgaagtagga aaagcgcecgac 4200
tggtcaaagg tgcagctaaa catatcattc atgccecgtagg accaaacttc aacaaagttt 4260
cggaggttga aggtgacaaa cagttggcag aggcttatga gtccatcget aagattgtca 4320
acgataacaa ttacaagtca gtagcgattc cactgttgtc caccggcatce ttttceccggga 4380
acaaagatcg actaacccaa tcattgaacc atttgctgac agctttagac accactgatg 4440
cagatgtagc catatactgc agggacaaga aatgggaaat gactctcaag gaagcagtgg 4500
ctaggagaga agcagtggag gagatatgca tatccgacga ctcecttcagtg acagaacctg 4560
atgcagagct ggtgagggtg catccgaaga gttcectttgge tggaaggaag ggctacagca 4620
caagcgatgg caaaactttc tcatatttgg aagggaccaa gtttcaccag gcggccaagg 4680
atatagcaga aattaatgcc atgtggcccg ttgcaacgga ggccaatgag caggtatgca 4740
Cgtatatcct cggagaaagc atgagcagta ttaggtcgaa atgccceccgtce gaagagtcecgg 4800
aagcctccac accacctagce acgctgcectt gettgtgcat ccatgeccatg actccagaaa 4860
gagtacagcg cctaaaagcc tcacgtccag aacaaattac tgtgtgcectca tceccecttteccat 4920
tgccgaagta tagaatcact ggtgtgcaga agatccaatg ctcecccagcect atattgttet 4980
caccgaaagt gcctgcecgtat attcatccaa ggaagtatcect cgtggaaaca ccaccggtag 5040
acgagactcc ggagccatcg gcagagaacce aatccacaga ggggacacct gaacaaccac 5100
cacttataac cgaggatgag accaggacta gaacgcecctga gccgatcatcec atcgaagagg 5160
aagaagagga tagcataagt ttgctgtcag atggcecccgac ccaccaggtg ctgcaagtecg 5220
aggcagacat tcacgggccg ccctcectgtat ctagctcatc ctggtccatt cctcatgcat 5280
ccgactttga tgtggacagt ttatccatac ttgacaccct ggagggagcet agcecgtgacca 5340
gcggggcaac gtcagceccgag actaactcectt acttcecgcaaa gagtatggag tttcectggege 5400
gaccggtgcce tgcecgcecctcecga acagtattca ggaaccctcecec acatcceccecget ccgecgcacaa 5460
gaacaccgtc acttgcaccc agcagggcect gectcgagaac cagcecctagtt tccaccceccecge 5520
caggcgtgaa tagggtgatc actagagagg agctcgaggce gettaccceccg tcacgcacte 5580
ctagcaggtc ggtctcgaga accagcctgg tctccaaccce gccaggcegta aatagggtga 5040
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ttacaagaga ggagtttgag gcecgttcecgtag cacaacaaca atgacggttt gatgecgggtg S700
catacatctt ttcctceccgac accggtcaaqg ggcatttaca acaaaaatca gtaaggcaaa oS/60
cggtgctatc cgaagtggtg ttggagagga ccgaattgga gatttcecgtat gceccccecgegece 2820
CLcgaccaaga aaaagaagaa ttactacgca agaaattaca gttaaatccce acacctgcecta 5880
acagaagcag ataccagtcc aggaaggtgg agaacatgaa agccataaca gctagacgta 5940
ttctgcaagg cctagggcat tatttgaagg cagaaggaaa agtggagtgce taccgaaccce 6000
tgcatcctgt tceccectttgtat tcatctagtg tgaaccgtgce cttttcaagce cccaaggtcg 0060
cagtggaagc ctgtaacgcc atgttgaaag agaactttcecce gactgtgget tcecttactgta ©120
ttattccaga gtacgatgcce tatttggaca tggttgacgg agcecttcatge tgcecttagaca 6180
ctgceccagttt ttgcceccectgca aagcectgcecgca getttccaaa gaaacactcece tatttggaac 6240
ccacaatacg atcggcagtg ccttcagcecga tccagaacac gectceccagaac gtcecctggcag 6©300
ctgccacaaa aagaaattgc aatgtcacgce aaatgagaga attgcccgta ttggattcgg 0360
cggcecctttaa tgtggaatgce ttcaagaaat atgcgtgtaa taatgaatat tgggaaacgt 0420
ttaaagaaaa ccccatcagg cttactgaag aaaacgtggt aaattacatt accaaattaa 6480
aaggaccaaa agctgcectgcet ctttttgcga agacacataa tttgaatatg ttgcaggaca ©540
taccaatgga caggtttgta atggacttaa agagagacgt gaaagtgact ccaggaacaa 6600
aacatactga agaacggccc aaggtacagg tgatccaggce tgccgatceccg ctagcaacag 66060
cgtatctgtyg cggaatccac cgagagctgg ttaggagatt aaatgcecggtce ctgcttceccga ©720
acattcatac actgtttgat atgtcggctg aagactttga cgctattata gccgagcact 6780
tccagecctgg ggattgtgtt ctggaaactg acatcgcecgtce gtttgataaa agtgaggacg ©840
acgccatggce tctgaccgeg ttaatgattcec tggaagactt aggtgtggac gcagagctgt 6900
Ctgacgctgat tgaggcggct ttcggcgaaa tttcatcaat acatttgccecce actaaaacta ©9¢60
aatttaaatt cggagccatg atgaaatctg gaatgttcct cacactgttt gtgaacacag 7020
tcattaacat tgtaatcgca agcagagtgt tgagagaacg gctaaccgga tcaccatgtg 7080
cagcattcat tggagatgac aatatcgtga aaggagtcaa atcggacaaa ttaatggcag 7140
acaggtgcgce cacctggttg aatatggaag tcaagattat agatgctgtg gtgggcgaga 7200
aagcgcecctta tttctgtgga gggtttattt tgtgtgactc cgtgaccggce acagcecgtgecce 7260
gtgtggcaga ccccctaaaa aggcectgttta agcecttggcaa acctctggca gcagacgatg 7320
aacatgatga tgacaggaga agggcattgce atgaagagtc aacacgctgg aaccgagtgg 7380
gtattctttc agagctgtgc aaggcagtag aatcaaggta tgaaaccgta ggaacttcca 7440
tcatagttat ggccatgact actctagcta gcagtgttaa atcattcage tacctgagag 7500
gggcccctat aactcectctac ggctaacctg aatggactac gacatagtcect agtccgceccaa 7560
gatgggcaag cggtccgcecg gcectcectatcat gtggetggcecce tectectggcececg tggtcatcecge 7620
atgcgcagga gcaaccagga gaggcagcegce ctactatatg tacctggaca gaaatgatge 7680
cggcgaggcece atcagetttc ccaccacact gggcatgaac aagtgttaca tccagatcat 7740
ggacctgggce cacatgtgcg atgccaccat gtcecctatgag tgtccaatge tggacgaggg /7800
cgtggagccce gacgatgtgg attgctggtg taataccaca tccacatggg tggtgtacgg 7860
cacctgccac cacaagaadgqg gagaggcaadg gcgctcectcecgg agagcagtga cactgcectte 7920
ccactctacce cggaagctgc agacaagatce tcagacctgg ctggagagcec gggagtatac 7980
aaagcacctyg atccgggtgg agaactggat ctttagaaat ccaggattcg cactggcage 8040
agcagcaatc gcatggctgce tgggcagcetce cacctcecccag aaagtgatcect acctggtcat 6100
gatcctgctyg atcgcecccecctg cctattceccat caggtgcatce ggcecgtgtcecta atcgcecgactt ©8lel
cgtggagggce atgtctggcg gcacctgggt ggatgtggtg ctggagcacg gcecggcectgegt 8220
gacagtgatg gcccaggaca agccaaccgt ggacatcgag ctggtgacca caaccgtgag 8280
caacatggcc gaggtgcggt cctactgcta tgaggccagce atctccgaca tggectctga 8340
tagcagatgt cccacccagg gcgaggcecta cctggacaag cagtctgata cacagtacgt 8400
gtgcaagagg accctggtgg acaggggatyg gggaaatgga tgtggcecctgt ttggcaaggg 8460
cagcecctggtyg acatgcecgcecca agttcgectg ttctaagaag atgaccecggca agagcatcca 8520
gccagagaac ctggagtacce ggatcatgcect gagcecgtgcac ggcagceccagce actccggecat 8580
gatcgtgaac gacacaggcc acgagacaga tgagaatagg gccaaggtgg agatcacacc 66040
taacagccca cgcgceccgagg ccacccectggg aggatttgge tcecceccectgggec tggactgcecga 8700
gecctagaaca ggectggact tcectceccgatct gtactatctg accatgaaca ataagcactg ©8/l/el
gectggtgcac aaggagtggt ttcacgacat cccactgcecca tggcacgcadg gagcagatac 8820
aggaacccca cactggaaca ataaggaggce cctggtggag ttcaaggatg cccacgccaa 8880
gaggcagaca gtggtggtgce tgggcagcca ggagggagca gtgcacaccg ccctggcagg 6940
cgccecctggag gccgagatgg acggagcaaa gggceccecgcecctg tcectageggcec acctgaagtg 2000
ccggctgaag atggataagce tgagactgaa gggcecgtgtcecce tactcectcetgt gcacageccge 2060
cttcaccttc accaagatcc ctgccgagac actgcacggce acagtgaccg tggaggtgeca ©120
gtatgccggce acagacggcce cctgtaaggt gectgcecccag atggecegtgg atatgcagac ©180
actgacccct gtgggcaggce tgatcaccgce caatccagtg atcacagagt ccaccgagaa 9240
ctctaagatyg atgctggagc tggaccccce ttttggcgat agcectatatcg tgatcggegt ©300
gggcgagaag aagatcacac accactggca ccgcagcecggce tceccacaatcg gcaaggectt 9360
tgaggccacce gtgaggggag caaagaggat ggccgtgcectg ggcecgacaccg catgggattt 9420
cggctcececgtyg ggaggcecgcececce tgaactcectcet gggcaagggce atccaccaga tcecttcecggege 9480
cgcctttaag tcececctgttcg gcecggcecatgte ttggtttage cagatcecctga tcecggcacact 9540
gectgatgtgg ctgggcecctga acaccaagaa tggcectctatce agecctgatgt gectggececct 2600
gggaggcgtyg ctgatcttcce tgagcaccge cgtgtceccecgcecec tgatgataag gcgcecgcecccac 92660
ccagcggceccg catacagcag caattggcaa gectgettaca tagaactcecge ggcecgattgge ©720
atgccgcecctt aaaattttta ttttattttt cttttctttt ccgaatcgga ttttgttttt 9780
aatatttcaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaga agagcegttta 9840
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aacacgtgat atctggcctce atgggcecctte ctttcactge ccecgectttcecca gtcgggaaac 9900
ctgtcgtgcce agcectgcatta acatggtcat agctgtttcecce ttgcecgtattg ggcecgcectcectcece 9960
gecttecctcecge tcactgactce gectgcegetcecg gtegttcecggg taaagectgg ggtgcecctaat 10020
gagcaaaadgg ccagcaaaadg Jgccaggaacc gtaaaaaggce cgcecgttgetg gegtttttee 10080
ataggctccg cceccecctgac gagcatcaca aaaatcgacg ctcaagtcag aggtggcecgaa 10140
acccgacagg actataaaga taccaggegt ttceccecccectgg aagcectceccecctce gtgegetcecte 10200
ctgttccgac cctgceccecgett accggatacce tgtceccecgecectt tecteccecttcecg ggaagegtgg 10260
cgctttctca tagctcacgce tgtaggtatce tcagttcggt gtaggtcecgtt cgctceccaage 10320
tgggctgtgt gcacgaaccc cccgttcagce ccgaccgcetg cgceccttatcecce ggtaactatce 10380
gtcttgagtc caacccggta agacacgact tatcgceccact ggcagcecagece actggtaaca 10440
ggattagcag agcgaggtat gtaggcecggtg ctacagagtt cttgaagtgg tggcecctaact 10500
acggctacac tagaagaaca gtatttggta tctgcecgcectcect gctgaagcecca gttacctteg 10560
gaaaaagagt tggtagctct tgatccggca aacaaaccac cgctggtage ggtggttttt 10620
ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat cctttgatcect 10680
tttctacggg gtctgacgct cagtggaacg aaaactcacg ttaagggatt ttggtcatga 10740
atacacggtg cctgactgcecg ttagcaattt aactgtgata aactaccgca ttaaagctta 10800
tcgatgataa gctgtcaaac atgagaattc ttagaaaaac tcatcgagca tcaaatgaaa 10860
ctgcaattta ttcatatcag gattatcaat accatatttt tgaaaaagcc gtttctgtaa 10820
tgaaggagaa aactcaccga ggcagttcca taggatggca agatcctggt atcggtctge 10880
gattccgact cgtccaacat caatacaacce tattaatttc ccctcecgtcaa aaataaggtt 11040
atcaagtgag aaatcaccat gagtgacgac tgaatccggt gagaatggca aaagcecttatg 11100
catttctttc cagacttgtt caacaggcca gccattacgce tcecgtcatcaa aatcactcecge 11160
atcaaccaaa ccgttattca ttcgtgattg cgcctgagcecg agacgaaata cgcgatcecget 11220
gttaaaagga caattacaaa caggaatcga atgcaaccgg cgcaggaaca ctgccagege 11280
atcaacaata ttttcacctg aatcaggata ttcttctaat acctggaatg ctgttttceccece 11340
ggggatcgca gtggtgagta accatgcatc atcaggagta cggataaaat gcttgatggt 11400
cggaagaggc ataaattccg tcagceccagtt tagtctgacce atctcatctg taacatcatt 11460
ggcaacgcta cctttgccat gtttcagaaa caactctggcec gcatcgggcet tcccatacaa 113520
tcgatagatt gtcgcacctg attgcceccgac attatcgcecga gcecccatttat acccatataa 11580
atcagcatcc atgttggaat ttaatcgcgg cctcgagcaa gacgtttceccecce gttgaatatg 11640
gctcataaca ccccttgtat tactgtttat gtaagcagac agttttattg ttcatgagcecg 11700
gatacatatt tgaatgtatt tagaaaaata aacaaatagg ggttccgcgce acatttccce 11760
gJaaaagtgcc acctaaattg taagcecgttaa tattttgtta aaattcecgcegt taaatttttg 11820
ttaaatcagce tcatttttta accaataggce cgaaatcggc aaaatccecctt ataaatcaaa 11880
agaatagacc gagatagggt tgagtggccg ctacagggcecg ctcecccattceg ccattcagge 11840
Ctgcgcaactyg ttgggaaggg cgtttcecggtg cgggectcectt cgctattacg ccagcectggeg 12000
aaagggggat gtgctgcaag gcgattaagt tgggtaacgc cagggttttc ccagtcacac 12060
gcgtaatacg actcactata g 12081
SEQ ID NO: 36 moltype = RNA length = 12090
FEATURE Location/Qualifiers
misc feature 1..12090

note = SAM vector backbone with Zika antigen 1insert.
source 1..12080

mol Type = other RNA

organlism = synthetic construct
SEQ ID NO: 36
ataggcggcyg catgagagaa gcccagacca attacctacc caaaatggag aaagttcacg o©0
ttgacatcga ggaagacagc ccattcctca gagcectttgca gcggagettce ccgcecagtttg 120
aggtagaagc caagcaggtc actgataatg accatgctaa tgccagagcg ttttcgcatce 180
tggcttcaaa actgatcgaa acggaggtgg acccatccga cacgatcecctt gacattggaa 240
gtgcgcccgce ccgcagaatg tattctaagce acaagtatca ttgtatctgt ccgatgagat 300
gtgcggaaga tccecggacaga ttgtataagt atgcaactaa gctgaagaaa aactgtaagg 360
aaataactga taaggaattg gacaagaaaa tgaaggagct cgccgccecgtce atgagcgacc 420
ctgacctgga aactgagact atgtgcctcc acgacgacga gtcgtgtcecge tacgaaggge 480
aagtcgctgt ttaccaggat gtatacgcgg ttgacggacc gacaagtctce tatcaccaag 2540
ccaataaggg agttagagtc gcctactgga taggcectttga caccacccect tttatgttta ©00
agaacttggc tggagcatat ccatcatact ctaccaactg ggccgacgaa accgtgttaa 660
cggctecgtaa cataggceccta tgcagcectctg acgttatgga gcggtcacgt agagggatgt 720
ccattcttag aaagaagtat ttgaaaccat ccaacaatgt tctattctct gttggctcga 780
ccatctacca cgagaagagg gacttactga ggagctggca cctgccecgtcect gtatttcact 840
tacgtggcaa gcaaaattac acatgtcggt gtgagactat agttagttgce gacgggtacg 9S00
tcgttaaaag aatagctatc agtccaggcce tgtatgggaa gceccttcagge tatgcectgeta 960
cgatgcaccyg cgagggattc ttgtgctgca aagtgacaga cacattgaac ggggagaggg 1020
tctecttttcece cgtgtgcacg tatgtgccag ctacattgtg tgaccaaatg actggcatac 1080
tggcaacaga tgtcagtgcg gacgacgcgc aaaaactgcect ggttgggcectc aaccagcegta 1140
tagtcgtcaa cggtcgcacc cagagaaaca ccaataccat gaaaaattac cttttgeccg 1200
tagtggccca ggcatttgct aggtgggcaa aggaatataa ggaagatcaa gaagatgaaa 1260
ggccactagg actacgagat agacagttag tcatggggtg ttgttgggcet tttagaagge 1320
acaagataac atctatttat aagcgcccgg atacccaaac catcatcaaa gtgaacagceg 1380
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atttccacte attcgtgectyg cccaggatag gcagtaacac attggagatce gggctgagaa 1440
caagaatcag gaaaatgtta gaggagcaca aggagccgtc acctctcatt accgceccgagg 1500
acgtacaaga agctaagtgc gcagccgatg aggctaagga ggtgcgtgaa gceccgaggagt 1560
tgcgcgcage tcectaccacct ttggcagcectg atgttgagga gcccactcectg gaagceccgatg 1620
tcgacttgat gttacaagag gctggggceccg gcectcagtgga gacacctcecgt ggcecttgataa 1680
aggttaccag ctacgatggc gaggacaaga tcggcectctta cgctgtgett tetceccecgcagg 1740
ctgtactcaa gagtgaaaaa ttatcttgca tccaccctct cgctgaacaa gtcatagtga 1800
taacacactc tggccgaaaa gggegttatg ccgtggaacc ataccatggt aaagtagtgg 1860
tgccagaggg acatgcaata cccgtceccagg actttcaagce tctgagtgaa agtgccacca 1920
ttgtgtacaa cgaacgtgag ttcgtaaaca ggtacctgca ccatattgcecc acacatggag 1980
gagcgctgaa cactgatgaa gaatattaca aaactgtcaa gcccagcgag cacgacggceg 2040
aatacctgta cgacatcgac aggaaacagt gcgtcaagaa agaactagtc actgggctag 2100
ggctcacagg cgagctggtg gatcctceccect tceccatgaatt cgcecctacgag agtctgagaa 2160
cacgaccagce cgctceccttac caagtaccaa ccataggggt gtatggcecgtg ccaggatcag 2220
gcaagtctgg catcattaaa agcgcagtca ccaaaaaaga tctagtggtg agcgccaaga 2280
aagaaaactg tgcagaaatt ataagggacg tcaagaaaat gaaagggctg gacgtcaatg 2340
ccagaactgt ggactcagtg ctcttgaatg gatgcaaaca ccccecgtagag accctgtata 2400
ttgacgaagc ttttgcttgt catgcaggta ctctcagagce gctcatagec attataagac 2460
ctaaaaaggc agtgctctgce ggggatccca aacagtgcecgg tttttttaac atgatgtgecce 2520
tgaaagtgca ttttaaccac gagatttgca cacaagtctt ccacaaaagc atctctecgcecce 2580
gttgcactaa atctgtgact tcggtcecgtct caaccttgtt ttacgacaaa aaaatgagaa 26040
cgacgaatcc gaaagagact aagattgtga ttgacactac cggcagtacc aaacctaage 2700
aggacgatct cattctcact tgtttcagag ggtgggtgaa gcagttgcaa atagattaca 2760
aaggcaacga aataatgacg gcagctgcecct ctcaagggcect gacccgtaaa ggtgtgtatg 2820
ccgttcggta caaggtgaat gaaaatcctce tgtacgcacc cacctcagaa catgtgaacg 2880
tcctactgac ccgcacggag gaccgcatcg tgtggaaaac actageccgge gacccatgga 2940
taaaaacact gactgccaag taccctggga atttcactgce cacgatagag gagtggcaag 3000
cagagcatga tgccatcatg aggcacatct tggagagacc ggaccctacc gacgtcttcecce 3060
agaataaggc aaacgtgtgt tgggccaagg ctttagtgcce ggtgctgaag accgctggeca 3120
tagacatgac cactgaacaa tggaacactg tggattattt tgaaacggac aaagctcact 3180
cagcagagat agtattgaac caactatgcg tgaggttctt tggactcgat ctggactccg 3240
gtctattttc tgcacccact gttccgttat ccattaggaa taatcactgg gataactccce 3300
cgtcgectaa catgtacggg ctgaataaag aagtggtccg tcagcectcectcet cgcaggtacce 3360
cacaactgcc tcgggcagtt gccactggaa gagtctatga catgaacact ggtacactge 3420
gcaattatga tccecgecgcecata aacctagtac ctgtaaacag aagactgcecct catgectttag 3480
tcctccacca taatgaacac ccacagagtg acttttettce attcecgtcage aaattgaagg 3540
gcagaactgt cctggtggtc ggggaaaagt tgtccecgtceccce aggcaaaatyg gttgactggt 3600
tgtcagaccyg gcctgaggcet accttcagag ctcecggectgga tttaggcatce ccaggtgatg 3660
CLgcccaaata tgacataata tttgttaatg tgaggacccc atataaatac catcactatce 3720
agcagtgtga agaccatgcc attaagcectta gcatgttgac caagaaagcect tgtcectgecatce 3780
tgaatcccgyg cggaacctgt gtcagcecatag gttatggtta cgctgacagg gccagcgaaa 3840
gecatcattgg tgctatagcg cggcagttca agttttcceccg ggtatgcaaa ccgaaatcecct 3900
cacttgaaga gacggaagtt ctgtttgtat tcattgggta cgatcgcaag gcccgtacge 3960
acaatcctta caagctttca tcaaccttga ccaacattta tacaggttcc agactccacg 4020
aagccggatg tgcaccctca tatcatgtgg tgcgagggga tattgccacg gccaccgaag 4080
gagtgattat aaatgctgct aacagcaaadg gacaacctgg cggaggggtg tgcggagcege 4140
tgtataagaa attcccggaa agcttcgatt tacagccgat cgaagtagga aaagcgcecgac 4200
tggtcaaagg tgcagctaaa catatcattc atgcecgtagg accaaacttc aacaaagttt 4260
cggaggttga aggtgacaaa cagttggcag aggcttatga gtccatcget aagattgtca 4320
acgataacaa ttacaagtca gtagcgattc cactgttgtc caccggcatce ttttceccggga 4380
acaaagatcg actaacccaa tcattgaacc atttgctgac agcectttagac accactgatg 4440
cagatgtagc catatactgc agggacaaga aatgggaaat gactctcaag gaagcagtgg 4500
ctaggagaga agcagtggag gagatatgca tatccgacga ctcecttcagtg acagaacctg 4560
atgcagagct ggtgagggtg catccgaaga gttcectttgge tggaaggaag ggctacagca 4620
caagcgatgg caaaactttc tcatatttgg aagggaccaa gtttcaccag gcggccaagg 4680
atatagcaga aattaatgcc atgtggcccg ttgcaacgga ggccaatgag caggtatgca 4740
tgtatatcct cggagaaagc atgagcagta ttaggtcgaa atgccceccgtce gaagagtcecgg 4800
aagcctccac accacctagce acgcectgectt gettgtgcecat ccatgeccatg actccagaaa 4860
gagtacagcg ccltaaaagcc tcacgtccag aacaaattac tgtgtgcectca tceccttteccat 4920
tgccgaagta tagaatcact ggtgtgcaga agatccaatg ctcccagecect atattgttet 4980
caccgaaagt gcctgcecgtat attcatccaa ggaagtatcect cgtggaaaca ccaccggtag 5040
acgagactcc ggagccatcg gcagagaacce aatccacaga ggggacacct gaacaaccac 25100
cacttataac cgaggatgag accaggacta gaacgcecctga gccgatcatce atcgaagagg 5160
aagaagagga tagcataagt ttgctgtcag atggcccgac ccaccaggtg ctgcaagtcg 5220
aggcagacat tcacgggccg ccctcectgtat ctagcectcatce ctggtceccatt cctcatgecat 5280
ccgactttga tgtggacagt ttatccatac ttgacaccct ggagggagcet agcgtgacca 5340
gcggggcaac gtcagcecgag actaactcectt acttcecgcaaa gagtatggag tttcectggege 5400
gaccggtgce tgcecgcecctcga acagtattca ggaaccctcecec acatcceccecget ccgecgcacaa 5460
gaacaccgtc acttgcaccce agcagggcecct gctcgagaac cagcecctagtt tceccaccccecge 5520
caggcgtgaa tagggtgatc actagagagqg agctcgaggce gcecttaccccecg tcacgcactce 5580
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ctagcaggtc ggtctcgaga accagcecctgg tcectceccaaccece gceccadggegta aatagggtga  5So64d0
ttacaagaga ggagtttgag gcgttcgtag cacaacaaca atgacggttt gatgcgggtg 5700
catacatctt ttcctceccgac accggtcaag ggcatttaca acaaaaatca gtaaggcaaa oS/60
cggtgctatc cgaagtggtg ttggagagga ccgaattgga gatttcecgtat gccccecgegece 5820
tcgaccaaga aaaagaagaa ttactacgca agaaattaca gttaaatccce acacctgceta 5880
acagaagcayg ataccagtcc aggaaggtgg agaacatgaa agccataaca gctagacgta 5940
ttctgcaagg cctagggcat tatttgaagg cagaagdaaa agtggagtgc taccgaaccce ©000
tgcatcctgt tcecectttgtat tcatctagtg tgaaccgtgce cttttcaagce cccaaggtcecg 6060
cagtggaagc ctgtaacgcce atgttgaaag agaactttcecce gactgtgget tcecttactgta 6120
ttattccaga gtacgatgcc tatttggaca tggttgacgg agcecttcatge tgcttagaca 6180
ctgccagttt ttgccctgca aagctgcgca gcectttccaaa gaaacactcecce tatttggaac 6240
ccacaatacg atcggcagtg ccttcagcga tccagaacac gctccagaac gtcecctggcag ©300
ctgccacaaa aagaaattgc aatgtcacgce aaatgagaga attgcceccgta ttggattcgg o©360
cggecctttaa tgtggaatgce ttcaagaaat atgcecgtgtaa taatgaatat tgggaaacgt 6420
ttaaagaaaa ccccatcagg cttactgaag aaaacgtggt aaattacatt accaaattaa 6480
aaggaccaaa agctgcectgcet ctttttgcga agacacataa tttgaatatg ttgcaggaca ©540
taccaatgga caggtttgta atggacttaa agagagacgt gaaagtgact ccaggaacaa 6600
aacatactga agaacggccc aaggtacagg tgatccaggce tgccgatccecg ctagcaacag ©6060
cgtatctgtyg cggaatccac cgagagctgg ttaggagatt aaatgecggtce ctgecttccga 6720
acattcatac actgtttgat atgtcggctg aagactttga cgctattata gccgagcact 6780
Lccagceccectgg ggattgtgtt ctggaaactg acatcgegtc gtttgataaa agtgaggacg ©840
acgccatgge tctgaccgcecg ttaatgattce tggaagactt aggtgtggac gcagagetgt ©900
tgacgctgat tgaggcggct ttcggcgaaa tttcatcaat acatttgceccecc actaaaacta 6960
aatttaaatt cggagccatg atgaaatctg gaatgttcecct cacactgttt gtgaacacag 7020
tcattaacat tgtaatcgca agcagagtgt tgagagaacqg gctaaccgga tcaccatgtg 7080
cagcattcat tggagatgac aatatcgtga aaggagtcaa atcggacaaa ttaatggcag 7140
acaggtgcgce cacctggttg aatatggaag tcaagattat agatgctgtg gtgggcgaga /7200
aagcgcecctta tttctgtgga gggtttattt tgtgtgactc cgtgaccggce acagcecgtgecce 7260
gtgtggcaga ccccctaaaa aggectgttta agcecttggcaa acctcectggca gcagacgatg 7320
aacatgatga tgacaggaga agggcattgce atgaagagtc aacacgctgg aaccgagtgg 7380
gtattctttc agagctgtgce aaggcagtag aatcaaggta tgaaaccgta ggaacttcca 7440
tcatagttat ggccatgact actctagcta gcagtgttaa atcattcagce tacctgagag 7500
gggcccecctat aactcectctac ggctaacctyg aatggactac gacatagtcect agtccgceccaa 7560
gatgggcaag cggtccgcecg gcectcectatcat gtggectggcece tcectectggececg tggtcatcecge 7620
atgcgcagga gcagcggadgg tcaccaggadg aggcagcecgcec tactatatgt acctggacag 7680
aaatgatgcc ggcgaggcecca tcagectttce caccacactg ggcatgaaca agtgttacat 7740
ccagatcatg gacctgggcc acatgtgcga tgccaccatg tcecctatgagt gtccaatgcet 7800
gJgacgagggc gtggagcecccg acgatgtgga ttgcectggtgt aataccacat ccacatgggt 7860
ggtgtacggc acctgccacc acaagaaggdg agaggcaadgg cgcectctcgga gagcagtgac 7920
actgccttce cactctacce ggaagctgca gacaagatcect cagacctgge tggagagecg 7980
ggagtataca aagcacctga tceccecgggtgga gaactggatce tttagaaatc caggattcecge 6040
actggcagca gcagcaatcg catggctgct gggcagcectceccec acctcceccaga aagtgatcta 8100
cctggtcatg atcctgctga tcecgeccceccectge ctattceccatce aggtgecatcecg gecgtgtcectaa ©8lel
tcgecgacttc gtggagggca tgtctggegg cacctgggtg gatgtggtge tggagcacgg 8220
cggctgcgtyg acagtgatgg cccaggacaa gccaaccegtg gacatcgage tggtgaccac 8280
aaccgtgagce aacatggceccg aggtgcecggtce ctactgcectat gaggceccagca tcectceccgacat 6340
ggcctctgat agcagatgtc ccacccaggg cgaggcectac ctggacaagce agtctgatac 8400
acagtacgtyg tgcaagagga ccctggtgga caggggatgg ggaaatggat gtggcecctgtt 8460
tggcaagggce agcecctggtga catgcecgceccaa gttcecgectgt tcectaagaaga tgaccggcaa 8520
gagcatccag ccagagaacc tggagtaccg gatcatgctg agcgtgcacg gcagccagca 6580
ctcecggcatyg atcgtgaacg acacaggcca cgagacagat gagaataggg ccaaggtgga 6040
gatcacacct aacagcccac gcgceccgaggce caccctggga ggatttgget ccctgggect 8700
ggactgcgag cctagaacag gcctggactt ctceccgatctg tactatctga ccatgaacaa 8760
taagcactgg ctggtgcaca aggagtggtt tcacgacatc ccactgccat ggcacgcagg 8820
agcagataca ggaaccccac actggaacaa taaggaggcec ctggtggagt tcaaggatgce 8880
ccacgccaadg aggcagacag tggtggtgct gggcagccag gagggagcag tgcacaccge 6940
cctggcaggce gceccecctggagg ccgagatgga cggagcaaaqg ggceccecgectgt ctagcecggeca 2000
cctgaagtgce cggctgaaga tggataagct gagactgaag ggcecgtgtcecct actcectcectgtg 2060
cacagccgcce ttcaccttca ccaagatcce tgccgagaca ctgcacggceca cagtgaccgt ©120
ggaggtgcag tatgccggca cagacggcecce ctgtaaggtg cctgcceccaga tggceccecgtgga ¢180
tatgcagaca ctgacccctg tgggcaggct gatcaccgcecc aatccagtga tcacagagte ©240
caccgagaac tctaagatga tgctggagct ggacccccect tttggecgata getatatcegt 2300
gatcggcgtyg ggcgagaaga agatcacaca ccactggcac cgcagceggcet ccacaatcecgg 9360
caaggccttt gaggccaccg tgaggggagce aaagaggatg geccgtgcectgg gcecgacaccge 9420
atgggatttc ggctceccegtgg gaggcecgcecct gaactcectcetg ggcaagggca tccaccagat 9480
cttcggcgece gecectttaagt cceccectgttcecgg cggcatgtcet tggtttagec agatcctgat 9540
cggcacactyg ctgatgtggc tgggcctgaa caccaagaat ggctctatca gcecctgatgtg 2600
cctggeccecctyg ggaggegtge tgatcttceccect gagcaccgcece gtgtcececgect gatgataagg 2660
cgcgcccace cagcggceccgce atacagcagce aattggcaag ctgcecttacat agaactcecgeg 9720
gcgattggca tgccgcectta aaatttttat tttattttte ttttecttttce cgaatcggat 9780
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CLLtgttttta atatttcaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaagaa vg4d
gagcgtttaa acacgtgata tctggcecctca tgggeccttcecce tttcactgcec cgcectttceccag 9900
tcgggaaacce tgtcgtgcca gctgcattaa catggtcata gcectgtttceccect tgcecgtattgg 9960
gecgetcectececg cttececteget cactgactceg ctgcecgetcecgg tegttecgggt aaagectggg 10020
gtgcecctaatyg agcaaaaggc cagcaaaadd ccaggaaccg taaaaaggcece gegttgetgg 10080
cgtttttcca taggctccge ccccecctgacg agcatcacaa aaatcgacgce tcaagtcaga 10140
ggtggcgaaa cccgacagga ctataaagat accaggcecgtt tcecccecccectgga agcteccctecg 10200
tgcgctctcece tgttceccgacce ctgeccgetta ccggatacct gtceccecgecttt ctececttegg 10260
gaagcgtggce gcectttcectcat agcectcacgcet gtaggtatcect cagtteggtg taggtcecgtte 10320
gctceccaagcect gggcectgtgtg cacgaaccce ccgttcagec cgaccgetge gecttatcecg 10380
gtaactatcg tcttgagtcc aacccggtaa gacacgactt atcgceccactg gcagcagcca 10440
ctggtaacag gattagcaga Jgcgaggtatg taggcggtgce tacagagttcec ttgaagtggt 10200
ggccltaacta cggctacact agaagaacag tatttggtat ctgcecgcectcectg ctgaagceccag 10560
ttaccttcgg aaaaagagtt ggtagctctt gatccecggcaa acaaaccacce gectggtageg 10620
gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatce 10680
ctttgatctt ttctacgggg tctgacgctcec agtggaacga aaactcacgt taagggattt 10740
tggtcatgaa tacacggtgc ctgactgegt tagcaattta actgtgataa actaccgcat 10800
taaagcttat cgatgataag ctgtcaaaca tgagaattct tagaaaaact catcgagcat 10860
caaatgaaac tgcaatttat tcatatcagg attatcaata ccatattttt gaaaaagceccg 10820
tttctgtaat gaaggagaaa actcaccgag gcagttccat aggatggcaa gatcctggta 10880
tcggtctgecg attccgactc gtccaacatcec aatacaacct attaatttcecce cctcecgtcaaa 11040
aataaggtta tcaagtgaga aatcaccatg agtgacgact gaatccggtg agaatggcaa 11100
aagcttatge atttectttcece agacttgttc aacaggccag ccattacget cgtcatcaaa 11160
atcactcgca tcaaccaaac cgttattcat tcgtgattgce gcecctgagcga gacgaaatac 11220
gecgatcgectg ttaaaaggac aattacaaac aggaatcgaa tgcaaccggce gcaggaacac 11280
Ttgccagcgca Ttcaacaatat tttcacctga atcaggatat tcecttctaata cctggaatge 11340
tgttttccecyg gggatcgcag tggtgagtaa ccatgcatca tcaggagtac ggataaaatg 11400
cttgatggtc ggaagaggca taaattccgt cagccagttt agtctgacca tctcatctgt 11460
aacatcattyg gcaacgctac ctttgccatg tttcagaaac aactctggceg catcgggett 11520
cccatacaat cgatagattg tcgcacctga ttgcceccgaca ttatcgcgag cccatttata 11580
cccatataaa tcagcatcca tgttggaatt taatcgcecgge ctcgagcaag acgtttcceccg 11640
ttgaatatgg ctcataacac cccttgtatt actgtttatg taagcagaca gttttattgt 11700
tcatgagcgg atacatattt gaatgtattt agaaaaataa acaaataggg gttccgegca 11760
catttccccyg aaaagtgcecca cctaaattgt aagcecgttaat attttgttaa aattcecgegtt 11820
aaatttttgt taaatcagct cattttttaa ccaataggcc gaaatcggca aaatcccectta 11880
taaatcaaaa gaatagaccg agatagggtt gagtggccgce tacagggcecgce teccattcege 11940
cattcaggct gcgcaactgt tgggaagggce gtttcecggtgce gggcectcecttce gectattacge 12000
cagctggcga aagggggatg tgctgcaagg cgattaagtt gggtaacgcec agggttttee 12060
cagtcacacg cgtaatacga ctcactatag 12090
SEQ ID NO: 37 moltyvpe = RNA length = 12090
FEATURE Location/Qualifiers
misc feature 1..12090

note = SAM vector background with Zika antigen 1nsert.
source 1..12090

mol type = other RNA

organlism = synthetic construct
SEQ ID NO: 37
ataggcggcg catgagagaa Jgcccagacca attacctacc caaaatggag aaagttcacg 60
ttgacatcga ggaagacagce ccattcctca gagcectttgeca gcecggagcettce ccgcagtttg 120
aggtagaagc caagcaggtc actgataatg accatgctaa tgccagagcecg ttttcecgcecatce 180
Lggcttcaaa actgatcgaa acggaggtgg acccatccga cacgatcctt gacattggaa 240
gtgcgcccge ccgcagaatg tattctaagce acaagtatca ttgtatctgt ccgatgagat 300
gtgcggaaga tccecggacaga ttgtataagt atgcaactaa gctgaagaaa aactgtaagg 360
aaataactga taaggaattg gacaagaaaa tgaaggagct cgccgceccgtce atgagcgacce 420
ctgacctgga aactgagact atgtgcctcc acgacgacga gtcgtgtcecgce tacgaaggge 4380
aagtcgctgt ttaccaggat gtatacgcgg ttgacggacc gacaagtctce tatcaccaag 540
ccaataaggg agttagagtc gcctactgga taggectttga caccacccect tttatgttta ©¢00
agaacttggc tggagcatat ccatcatact ctaccaactg ggccgacgaa accgtgttaa o660
cggctcgtaa cataggceccta tgcagcectctyg acgttatgga gcggtcacgt agagggatgt 720
ccattcttag aaagaagtat ttgaaaccat ccaacaatgt tctattctct gttggctcga 780
ccatctacca cgagaagagg gacttactga ggagctggca cctgceccecgtcect gtatttcact 840
tacgtggcaa gcaaaattac acatgtcggt gtgagactat agttagttgce gacgggtacg $00
tcgttaaaag aatagctatc agtccaggcce tgtatgggaa gceccttcagge tatgctgeta 960
cgatgcaccyg cgagggattc ttgtgctgca aagtgacaga cacattgaac ggggagaggg 1020
tctecttttece cgtgtgcacg tatgtgccag ctacattgtg tgaccaaatg actggcatac 1080
tggcaacaga tgtcagtgcg gacgacgcgc aaaaactgcect ggttgggcectc aaccagegta 1140
tagtcgtcaa cggtcgcacc cagagaaaca ccaataccat gaaaaattac cttttgeccecg 1200
tagtggccca ggcatttgcet aggtgggcaa aggaatataa ggaagatcaa gaagatgaaa 1260
ggccactagg actacgagat agacagttag tcatggggtg ttgttggget tttagaagge 1320
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acaagataac atctatttat aagcgcccgg atacccaaac catcatcaaa gtgaacageg 1380
atttccactc attcgtgctg cccaggatag gcagtaacac attggagatc gggctgagaa 1440
caagaatcag gaaaatgtta gaggagcaca aggagccgtc acctctcatt accgceccgagg 1500
acgtacaaga agctaagtgc gcagccgatdg aggctaagga ggtgcgtgaa gceccgaggagt 1560
tgcgcgcage tcectaccacct ttggcagcectg atgttgagga gcccactcectg gaagceccgatg 1620
tcgacttgat gttacaagag gctggggceccyg gctcagtgga gacacctcecgt ggecttgataa 1680
aggttaccag ctacgatggc gaggacaaga tcggcectctta cgcectgtgett tcectceccecgcagg 1740
ctgtactcaa gagtgaaaaa ttatcttgca tccaccctct cgctgaacaa gtcatagtga 1800
taacacactc tggccgaaaa gggegttatg ccgtggaacce ataccatggt aaagtagtgg 1860
tgccagaggg acatgcaata cccgtceccagg actttcaagce tctgagtgaa agtgccacca 1920
ttgtgtacaa cgaacgtgag ttcgtaaaca ggtacctgca ccatattgcc acacatggag 1980
gagcgctgaa cactgatgaa gaatattaca aaactgtcaa gcccagcgadg cacgacggceg 2040
aatacctgta cgacatcgac aggaaacagt gcgtcaagaa agaactagtc actgggctag 2100
ggctcacagg cgagctggtg gatcctceccect tceccatgaatt cgcecctacgag agtctgagaa 2160
cacgaccagce cgctceccttac caagtaccaa ccataggggt gtatggcecgtg ccaggatcag 2220
gcaagtctgg catcattaaa agcgcagtca ccaaaaaaga tcectagtggtg agcecgccaaga 2280
aagaaaactg tgcagaaatt ataagggacg tcaagaaaat gaaagggctg gacgtcaatg 2340
ccagaactgt ggactcagtg ctcttgaatg gatgcaaaca ccccgtagag accctgtata 2400
ttgacgaagce ttttgcttgt catgcaggta ctctcagagce gctcatagec attataagac 2460
ctaaaaaggc agtgctctgcec ggggatccca aacagtgcegg tttttttaac atgatgtgecce 2520
tgaaagtgca ttttaaccac gagatttgca cacaagtctt ccacaaaagce atctctcecgece 2580
gttgcactaa atctgtgact tcggtcecgtcect caaccttgtt ttacgacaaa aaaatgagaa 26040
cgacgaatcc gaaagagact aagattgtga ttgacactac cggcagtacc aaacctaage 2700
aggacgatct cattctcact tgtttcagag ggtgggtgaa gcagttgcaa atagattaca 2760
aaggcaacga aataatgacg gcagctgcecct ctcaagggct gacccgtaaa ggtgtgtatg 2820
ccgttcggta caaggtgaat gaaaatcctce tgtacgcacc cacctcagaa catgtgaacg 2880
tcctactgac ccgcacggag gaccgcatcg tgtggaaaac actagceccggce gacccatgga 2940
taaaaacact gactgccaag taccctggga atttcactgce cacgatagag gagtggcaag 3000
cagagcatga tgccatcatg aggcacatct tggagagacc ggaccctacce gacgtcecttece 3060
agaataaggc aaacgtgtgt tgggccaagg ctttagtgcce ggtgctgaag accgctggca 3120
tagacatgac cactgaacaa tggaacactg tggattattt tgaaacggac aaagctcact 3180
cagcagagat agtattgaac caactatgcg tgaggttctt tggactcgat ctggactceccg 3240
gtctattttc tgcacccact gttccgttat ccattaggaa taatcactgg gataactccce 3300
cgtcgectaa catgtacggg ctgaataaag aagtggtceccg tcagcetcectcet cgcaggtacce 3360
cacaactgcc tcgggcagtt gccactggaa gagtctatga catgaacact ggtacactge 3420
gcaattatga tccgcgcata aacctagtac ctgtaaacag aagactgcecct catgectttag 3480
tcctccacca taatgaacac ccacagagtg acttttcecttce attcecgtcagce aaattgaagg 3540
gcagaactgt cctggtggtc ggggaaaagt tgtcecgtceccce aggcaaaatg gttgactggt 3600
tgtcagaccyg gcecctgaggcet accttcagag ctcecggectgga tttaggcecatce ccaggtgatg 3660
tgcccaaata tgacataata tttgttaatg tgaggacccc atataaatac catcactatce 3720
agcagtgtga agaccatgcc attaagcectta gcatgttgac caagaaagcet tgtctgcatce 3780
tgaatcccgg cggaacctgt gtcagcatag gttatggtta cgctgacagg gccagcgaaa 3840
gcatcattgg tgctatagcg cggcagttca agttttcecccg ggtatgcaaa ccgaaatcecct 3900
cacttgaaga gacggaagtt ctgtttgtat tcattgggta cgatcgcaag gcccgtacge 3960
acaatcctta caagctttca tcaaccttga ccaacattta tacaggttccec agactccacg 4020
aagccggatyg tgcaccctca tatcatgtgg tgcgagggga tattgceccacg gceccaccgaag 4080
gagtgattat aaatgctgct aacagcaaag gacaaccltgg cggagggagtg tgcggagcecge 4140
tgtataagaa attcccggaa agcttcgatt tacagceccgat cgaagtagga aaagcgcecgac 4200
tggtcaaagg tgcagctaaa catatcattce atgcececgtagg accaaacttc aacaaagttt 4260
cggaggttga aggtgacaaa cagttggcag aggcttatga gtccatcgcet aagattgtca 4320
acgataacaa ttacaagtca gtagcgattc cactgttgtc caccggcatce ttttceccggga 4380
acaaagatcg actaacccaa tcattgaacc atttgctgac agcectttagac accactgatg 4440
cagatgtagce catatactgc agggacaaga aatgggaaat gactctcaag gaagcagtgg 4500
ctaggagaga agcagtggag gagatatgca tatccgacga ctcecttcagtg acagaacctg 4560
atgcagagct ggtgagggtg catccgaaga gttctttgge tggaaggaag ggctacagca 4620
caagcgatgg caaaactttc tcatatttgg aagggaccaa gtttcaccag gcggccaagg 46080
atatagcaga aattaatgcc atgtggcccg ttgcaacgga ggccaatgag caggtatgca 4740
tgtatatcct cggagaaagc atgagcagta ttaggtcgaa atgccceccecgtcec gaagagtcecgg 4800
aagcctccac accacctagce acgcectgectt gettgtgcecat ccatgeccatg actccagaaa 4860
gagtacagcg ccltaaaagcc tcacgtccag aacaaattac tgtgtgcectca tceccecttteccat 4920
tgccgaagta tagaatcact ggtgtgcaga agatccaatg ctcccagcecct atattgttet 4980
caccgaaagt gcctgcegtat attcatccaa ggaagtatcect cgtggaaaca ccaccggtag 5040
acgagactcc ggagccatcg gcagagaacce aatccacaga ggggacacct gaacaaccac 25100
cacttataac cgaggatgag accaggacta gaacgcctga gceccgatcatce atcgaagagg 5160
aagaagagga tagcataagt ttgctgtcag atggcecccgac ccaccaggtg ctgcaagtcecg 5220
aggcagacat tcacgggccg ccctcectgtat ctagcectcatce ctggtceccatt cctcatgecat 5280
ccgactttga tgtggacagt ttatccatac ttgacaccct ggagggagcet agcecgtgacca 5340
gecggggcaac gtcagceccgag actaactcett acttecgcaaa gagtatggag tttcectggege 5400
gaccggtgece tgcgcecctcga acagtattca ggaaccctcecc acatcceccget ccgcecgcacaa 5460
gaacaccgtc acttgcaccc agcagggcect gcectcgagaac cagcecctagtt tccaccceccecge 5520
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caggcgtgaa tagggtgatc actagagadgg agctcgagge gcecttaccceccecg tcecacgcactce 5080
ctagcaggtc ggtctcgaga accagcctgg tctccaaccce gccaggcegta aatagggtga 5S040
ttacaagaga ggagtttgag gcgttcgtag cacaacaaca atgacggttt gatgcgggtg 5700
catacatctt ttcctceccgac accggtcaag ggcatttaca acaaaaatca gtaaggcaaa S/760
cggtgctatc cgaagtggtg ttggagagga ccgaattgga gatttcecgtat gccccecgegece 5820
tcgaccaaga aaaagaagaa ttactacgca agaaattaca gttaaatccce acacctgcta 5880
acagaagcag ataccagtcc aggaaggtgg agaacatgaa agccataaca gctagacgta 5940
ttctgcaagg cctagggcat tatttgaagg cagaaggaaa agtggagtgce taccgaaccce ©000
tgcatcctgt tceccectttgtat tcatctagtg tgaaccgtgce cttttcaagce cccaaggtcecg 6060
cagtggaagc ctgtaacgcce atgttgaaag agaactttcecc gactgtgget tcecttactgta 6120
ttattccaga gtacgatgcce tatttggaca tggttgacgg agcttcatge tgcttagaca ©180
ctgccagttt ttgccctgca aagctgcgca gcectttccaaa gaaacactcece tatttggaac ©240
ccacaatacg atcggcagtg ccttcagcga tccagaacac gctccagaac gtcecctggcag ©300
ctgccacaaa aagaaattgc aatgtcacgce aaatgagaga attgcceccgta ttggattcecgg 6360
cggecctttaa tgtggaatgce ttcaagaaat atgcecgtgtaa taatgaatat tgggaaacgt 6420
ttaaagaaaa ccccatcagg cttactgaag aaaacgtggt aaattacatt accaaattaa 6480
aaggaccaaa agctgctget ctttttgcecga agacacataa tttgaatatg ttgcaggaca ©540
taccaatgga caggtttgta atggacttaa agagagacgt gaaagtgact ccaggaacaa ©600
aacatactga agaacggccc aaggtacagg tgatccaggce tgccgatccecg ctagcaacag ©660
cgtatctgtyg cggaatccac cgagagctgg ttaggagatt aaatgcecggtce ctgcecttceccga 6720
acattcatac actgtttgat atgtcggctg aagactttga cgctattata gccgagcact 6780
tccagecctgg ggattgtgtt ctggaaactg acatcgcecgtce gtttgataaa agtgaggacg ©840
acgccatggce tctgaccgcecg ttaatgattce tggaagactt aggtgtggac gcagagcetgt 6900
tgacgctgat tgaggcggct ttcggcgaaa tttcatcaat acatttgceccecc actaaaacta 6960
aatttaaatt cggagccatg atgaaatctg gaatgttcecct cacactgttt gtgaacacag 7020
tcattaacat tgtaatcgca agcagagtgt tgagagaacg gctaaccgga tcaccatgtg 7080
cagcattcat tggagatgac aatatcgtga aaggagtcaa atcggacaaa ttaatggcag 7140
acaggtgcgc cacctggttg aatatggaag tcaagattat agatgctgtg gtgggcgaga /7200
aagcgcecctta tttcectgtgga gggtttattt tgtgtgactc cgtgaccggce acagcecgtgece 7260
gtgtggcaga ccccctaaaa aggectgttta agcecttggcaa acctcectggca gcagacgatg 7320
aacatgatga tgacaggaga agggcattgc atgaagagtc aacacgctgg aaccgagtgg 7380
gtattctttc agagctgtgc aaggcagtag aatcaaggta tgaaaccgta ggaacttcca 7440
tcatagttat ggccatgact actctagcta gcagtgttaa atcattcagce tacctgagag 7500
gggcccecctat aactcectctac ggctaacctg aatggactac gacatagtcect agtccgceccaa 7560
gatgggcaag cggtccgceccg gcectectatcat gtggetggece tcectectggcecceg tggtcatcecge 7620
atgcgcagga gcagcggagg tcaccaggag aggcagcecgcec tactatatgt acctggacag 7680
aaatgatgcc ggcgaggcca tcagcectttcce caccacactg ggcatgaaca agtgttacat 7740
ccagatcatyg gacctgggcce acatgtgcga tgccaccatg tcecctatgagt gtccaatget 7800
ggacgagggc gtggagcccg acgatgtgga ttgectggtgt aataccacat ccacatgggt 7860
ggtgtacggc accltgccacc acaagaaggd agaggcaadgqg cgctctcgga gagcagtgac 7920
actgccttce cactctacce ggaagcectgca gacaagatct cagacctgge tggagagecg 7980
ggagtataca aagcacctga tccgggtgga gaactggatcec tttagaaatc caggattcecge 8040
actggcagca gcagcaatcg catggcectgct gggcagctcecc acctcceccaga aagtgatcta 8100
cctggtcatg atcctgctga tcecgeccceccectge ctattceccatce aggtgecatcecg gecgtgtcectaa 8160
tcgcgacttec gtggagggca tgtctggegg cacctgggtg gatgtggtge tggagcacgg 68220
cggctgcgtg acagtgatgg cccaggacaa gccaaccgtg gacatcgagce tggtgaccac 6280
aaccgtgagce aacatggccg aggtgcggtce ctactgcectat gaggccagca tctceccgacat 8340
ggcctctgat agcagatgtc ccacccaggg cgaggcectac ctggacaagce agtctgatac 8400
acagtacgtg tgcaagagga ccctggtgga caggggatgg ggaaatggat gtggcecctgtt 8460
tggcaagggc agcctggtga catgcgccaa gttcgceccectgt tcectaagaaga tgaccggcaa 8520
gagcatccag ccagagaacc tggagtaccg gatcatgctg agcgtgcacg gcagccagca 6580
ctcecggcatyg atcgtgaacg acacaggcca cgagacagat gagaataggg ccaaggtgga ©o4dd0
gatcacacct aacagcccac gcgceccgaggce cacccectggga ggatttgget ccctgggect 8700
ggactgcgag ccltagaacag gcctggactt ctccgatctg tactatctga ccatgaacaa 8760
taagcactgg ctggtgcaca aggagtggtt tcacgacatc ccactgccat ggcacgcagg 6820
agcagataca ggaaccccac actggaacaa taaggaggcece ctggtggagt tcaaggatgce 6880
ccacgccaag aggcagacag tggtggtgct gggcagccag gagggagcag tgcacaccge 8940
cctggcaggce gceccecctggagg ccgagatgga cggagcaaaqg ggceccecgectgt ctagceggeca  ¢000
cctgaagtgce cggctgaaga tggataagct gagactgaag ggcecgtgtceccect actcectcectgtg 2060
cacagccgcecce ttcaccttca ccaagatceccce tgccgagaca ctgcacggca cagtgaccgt ©120
ggaggtgcag tatgccggca cagacggcecce ctgtaaggtg cctgcceccaga tggceccecgtgga  ©180
tatgcagaca ctgacccctg tgggcaggct gatcaccgcecce aatccagtga tcacagagte 9240
caccgagaac tctaagatga tgctggagct ggacccccect tttggecgata getatatcegt ©300
gatcggcgtyg ggcgagaaga agatcacaca ccactggcac cgcagcecggcet ccaccctggg 9360
caaggccttt agcaccaccce tgaagggagce acagaggctg gceccgececctgg gcecgacaccge 9420
atgggatttc ggctccatcg gaggcecgtgtt caactctatce ggcaaggceccg tgcaccaggt 9480
gttcggcgge gecectttecgga cceccectgttcecgg cggecatgtcect tggatcaccece agggcectgat 9540
gggcgeccctyg ctgectgtgga tgggcecgtgaa cgccecgggac cggtcectatcecg ccctggectt 2600
cctggccace ggaggcgtge tggtgttcecct ggceccaccaac gtgcacgect gatgataagg 9660
cgcgcccace cagcecggcecgce atacagcagce aattggcaag ctgcecttacat agaactcecgeg 9720
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gcgattggca tgccgecctta aaatttttat tttattttte ttttetttte cgaatcggat 9780
tLtgttttta atatttcaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaagaa 9840
gagcgtttaa acacgtgata tctggcecctca tgggecttcecce tttcactgcec cgetttceccag 9900
tcgggaaacce tgtcgtgcca gctgcattaa catggtcata gcectgtttceccect tgcecgtattgg 92960
gecgetcectececg cttececteget cactgactcecg ctgcecgetcecgg tegttegggt aaagectggg 10020
gtgcctaatyg agcaaaaggc cagcaaaadgg ccaggaaccecg taaaaaggcece gegttgetgg 10080
cgtttttcca taggctccgce ccccecctgacg agcatcacaa aaatcgacgce tcaagtcaga 10140
ggtggcgaaa cccgacagga ctataaagat accaggcegtt tcecccecccectgga agcectcecceccecteg 10200
tgcgctctcece tgttceccgacce ctgeccgetta ccggatacct gtceccecgecttt ctececttegg 10260
gaagcgtggce getttcectcat agcectcacgcect gtaggtatcect cagtteggtg taggtcecgtte 10320
gctceccaaget gggetgtgtg cacgaaccce ccgttcagece cgaccgcetge gecttatceccg 10380
gtaactatcg tcttgagtcc aacccggtaa gacacgactt atcgceccactg gcagcagceca 10440
ctggtaacag gattagcaga gcgaggtatg taggcecggtgce tacagagttcec ttgaagtggt 10500
ggcctaacta cggctacaclt agaagaacag tatttggtat ctgcecgcectcectg ctgaagceccag 10560
ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacce gectggtageg 10620
gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc 10680
ctttgatctt ttctacgggg tctgacgctcec agtggaacga aaactcacgt taagggattt 10740
tggtcatgaa tacacggtgc ctgactgcgt tagcaattta actgtgataa actaccgcat 10800
taaagcttat cgatgataag ctgtcaaaca tgagaattct tagaaaaact catcgagcat 10860
caaatgaaac tgcaatttat tcatatcagg attatcaata ccatattttt gaaaaagceccg 10820
tttctgtaat gaaggagaaa actcaccgag gcagttccat aggatggcaa gatcctggta 10980
tcggtctgcecg attcecgactcec gtccaacatce aatacaacct attaatttcecce cctcecgtcaaa 11040
aataaggtta tcaagtgaga aatcaccatg agtgacgact gaatccggtg agaatggcaa 11100
aagcttatge atttectttcece agacttgttc aacaggccag ccattacgcet cgtcatcaaa 11160
atcactcgca tcaaccaaac cgttattcat tcgtgattgce gccectgagcga gacgaaatac 11220
gcgatcgcectg ttaaaaggac aattacaaac aggaatcgaa tgcaaccggce gcaggaacac 11280
Cgccagcgca tcaacaatat tttcacctga atcaggatat tcecttctaata cctggaatge 11340
tgttttcccyg gggatcgcag tggtgagtaa ccatgcatca tcaggagtac ggataaaatg 11400
cttgatggtc ggaagaggca taaattccgt cagceccagttt agtctgacca tctcatctgt 11460
aacatcattg gcaacgctac ctttgccatg tttcagaaac aactctggceg catcgggett 11520
cccatacaat cgatagattg tcgcacctga ttgcceccgaca ttatcgcgag cccatttata 11580
cccatataaa tcagcatcca tgttggaatt taatcgcecggce ctcgagcaag acgtttcecceccg 11640
ttgaatatgg ctcataacac cccttgtatt actgtttatg taagcagaca gttttattgt 11700
tcatgagcgg atacatattt gaatgtattt agaaaaataa acaaataggg gttccgegceca 11760
catttcceccg aaaagtgcecca cctaaattgt aagegttaat attttgttaa aattcecgegtt 11820
aaatttttgt taaatcagct cattttttaa ccaataggcc gaaatcggca aaatccecctta 11880
taaatcaaaa gaatagaccg agatagggtt gagtggccgce tacagggcecge tcecccattcecge 118440
cattcaggct gcgcaactgt tgggaagggce gtttcecggtgce gggectcettce getattacge 12000
cagctggcga aagggggatg tgctgcaagg cgattaagtt gggtaacgcec agggttttee 12060
cagtcacacg cgtaatacga ctcactatag 12090
SEQ ID NO: 38 moltyvpe = RNA length = 12081
FEATURE Location/Qualifiers
misc feature 1..12081

note = SAM vector background with Zika antigen 1nsert.
source 1..120861

mol type other RNA

organlsm synthetic construct
SEQ ID NO: 38
ataggcggcg catgagagaa gcccagacca attacctacc caaaatggag aaagttcacg 60
ttgacatcga ggaagacagc ccattcctca gagetttgca gcggagettce ccgecagtttg 120
aggtagaagc caagcaggtc actgataatg accatgctaa tgccagagcg ttttcecgcatcec 180
Ltggcttcaaa actgatcgaa acggaggtgg acccatccga cacgatcecctt gacattggaa 2490
gtgcgcccge ccgcagaatg tattctaagce acaagtatca ttgtatctgt ccgatgagat 300
gtgcggaaga tccggacaga ttgtataagt atgcaactaa gctgaagaaa aactgtaagg 360
aaataactga taaggaattg gacaagaaaa tgaaggagct cgccgceccecgtce atgagcgacce 420
ctgacctgga aactgagact atgtgcctcce acgacgacga gtcgtgtcecgce tacgaaggge 480
aagtcgctgt ttaccaggat gtatacgcgg ttgacggacc gacaagtctce tatcaccaag 540
ccaataaggg agttagagtc gcctactgga taggectttga caccacccecct tttatgttta 00
agaacttggc tggagcatat ccatcatact ctaccaactg ggccgacgaa accgtgttaa ©60
cggctcgtaa cataggccta tgcagcectctyg acgttatgga gcggtcacgt agagggatgt 720
ccattcttag aaagaagtat ttgaaaccat ccaacaatgt tctattctct gttggectcga 780
ccatctacca cgagaagagg gacttactga ggagctggca cctgceccecgtcect gtatttcact 840
tacgtggcaa gcaaaattac acatgtcggt gtgagactat agttagttgce gacgggtacg 900
tcgttaaaag aatagctatc agtccaggcecce tgtatgggaa gceccttcagge tatgcectgecta 960
cgatgcaccyg cgagggattc ttgtgctgca aagtgacaga cacattgaac ggggagaggg 1020
tctecttttece cgtgtgcacg tatgtgccag ctacattgtg tgaccaaatg actggcatac 1080
tggcaacaga tgtcagtgcg gacgacgcgce aaaaactgcect ggttgggcectcec aaccagegta 1140
tagtcgtcaa cggtcgcacc cagagaaaca ccaataccat gaaaaattac cttttgcecceccg 1200
tagtggccca ggcatttgcect aggtgggcaa aggaatataa ggaagatcaa gaagatgaaa 1260
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ggccactagyg actacgagat agacagttag tcatggggtg ttgttggget tttagaagge 1320
acaagataac atctatttat aagcgcccgg atacccaaac catcatcaaa gtgaacagceg 1380
atttccactc attcgtgctg cccaggatag gcagtaacac attggagatc gggctgagaa 1440
caagaatcag gaaaatgtta gaggagcaca aggagccgtc acctctcatt accgceccgagg 1500
acgtacaaga agctaagtgc gcagccgatdg aggctaagga ggtgcgtgaa gceccgaggagt 1560
Ctgcgcgcage tcectaccacct ttggcagectg atgttgagga geccactcectg gaagceccgatg 1620
tcgacttgat gttacaagag gctggggccg gctcagtgga gacacctcecgt ggcecttgataa 1680
aggttaccag ctacgatggc gaggacaaga tcggcectcectta cgectgtgett tcectceccecgecagg 1740
ctgtactcaa gagtgaaaaa ttatcttgca tccaccctcect cgcectgaacaa gtcatagtga 1800
taacacactc tggccgaaaa gggegttatg ccgtggaacc ataccatggt aaagtagtgg 1860
tgccagaggg acatgcaata cccgtceccagg actttcaage tcectgagtgaa agtgccacca 1920
ttgtgtacaa cgaacgtgag ttcgtaaaca ggtacctgca ccatattgcc acacatggag 19860
gagcgctgaa cactgatgaa gaatattaca aaactgtcaa gcccagcgag cacgacggceg 2040
aatacctgta cgacatcgac aggaaacagt gcgtcaagaa agaactagtc actgggctag 2100
ggctcacagg cgagctggtg gatcctcecect tceccatgaatt cgcecctacgag agtctgagaa 2160
cacgaccagce cgctccttac caagtaccaa ccataggggt gtatggcecgtg ccaggatcag 2220
gcaagtctgg catcattaaa agcgcagtca ccaaaaaaga tcectagtggtg agcgccaaga 2280
aagaaaactyg tgcagaaatt ataagggacg tcaagaaaalt gaaagggctg gacgtcaatg 2340
ccagaactgt ggactcagtg ctcttgaatg gatgcaaaca ccccgtagag accctgtata 2400
ttgacgaagce ttttgcecttgt catgcaggta ctctcagagce gctcatagec attataagac 2460
ctaaaaaggc agtgctctgce ggggatccca aacagtgcecgg tttttttaac atgatgtgcece 2520
CLgaaagtgca ttttaaccac gagatttgca cacaagtctt ccacaaaagce atctctcecgcecce 2580
gttgcactaa atctgtgact tcggtcecgtcect caaccttgtt ttacgacaaa aaaatgagaa 2640
cgacgaatcc gaaagagact aagattgtga ttgacactac cggcagtacc aaacctaage 2700
aggacgatct cattctcact tgtttcagag ggtgggtgaa gcagttgcaa atagattaca 2760
aaggcaacga aataatgacg gcagctgcecct ctcaagggcect gacceccgtaaa ggtgtgtatg 2820
ccgttcggta caaggtgaat gaaaatcctce tgtacgcacce cacctcagaa catgtgaacg 2880
tcctactgac ccgcacggag gaccgcatcg tgtggaaaac actagceccggce gacccatgga 2940
taaaaacact gactgccaag taccctggga atttcactgce cacgatagag gagtggcaag 3000
cagagcatga tgccatcatg aggcacatct tggagagacc ggaccctacc gacgtcecttcece 3060
agaataaggc aaacgtgtgt tgggccaagg ctttagtgcec ggtgctgaag accgctggca 3120
tagacatgac cactgaacaa tggaacactg tggattattt tgaaacggac aaagctcact 3180
cagcagagat agtattgaac caactatgcg tgaggttcectt tggactcgat ctggactceccg 3240
gtctattttc tgcacccact gttccgttat ccattaggaa taatcactgg gataactccce 3300
cgtcgecctaa catgtacggg ctgaataaag aagtggtccg tcagcectcectcet cgcaggtacce 3360
cacaactgcc tcgggcagtt gccactggaa gagtctatga catgaacact ggtacactge 3420
gcaattatga tccgcecgcata aacctagtac ctgtaaacag aagactgcecct catgcectttag 3480
tcctccacca taatgaacac ccacagagtg acttttcecttce attcecgtcage aaattgaagg 3540
gcagaactgt cctggtggtc ggggaaaagt tgtcecgtcecceccec aggcaaaatg gttgactggt 3600
tgtcagaccyg gcctgaggcect accttcagag ctcecggcectgga tttaggcatce ccaggtgatg 3660
tgcccaaata tgacataata tttgttaatg tgaggacccce atataaatac catcactatce 3720
agcagtgtga agaccatgcc attaagctta gcatgttgac caagaaagcet tgtctgcatce 3780
tgaatcccgg cggaacctgt gtcagcatag gttatggtta cgctgacagg gccagcgaaa 3840
gecatcattgg tgctatagcg cggcagttca agttttceccececg ggtatgcaaa ccgaaatcecct 3900
cacttgaaga gacggaagtt ctgtttgtat tcattgggta cgatcgcaag gcccgtacge 3960
acaatcctta caagctttca tcaaccttga ccaacattta tacaggttcecc agactccacg 4020
aagccggatyg tgcaccctca tatcatgtgg tgcgagggga tattgccacg gccaccgaag 4080
gagtgattat aaatgctgct aacagcaaadg gacaacctgg cggaggggtg tgcggagege 4140
tgtataagaa attcccggaa agcecttcgatt tacagceccgat cgaagtagga aaagcgcecgac 4200
tggtcaaagg tgcagctaaa catatcattc atgccgtagg accaaacttc aacaaagttt 4260
cggaggttga aggtgacaaa cagttggcag aggcttatga gtccatcgcet aagattgtca 4320
acgataacaa ttacaagtca gtagcgattc cactgttgtc caccggcatce ttttceccggga 4380
acaaagatcg actaacccaa tcattgaacce atttgctgac agetttagac accactgatg 4440
cagatgtagce catatactgc agggacaaga aatgggaaat gactctcaag gaagcagtgg 4500
ctaggagaga agcagtggag gagatatgca tatccgacga ctcttcagtg acagaacctg 4560
atgcagagct ggtgagggtg catccgaaga gttctttgge tggaaggaag ggctacagca 46020
caagcgatgg caaaactttc tcatatttgg aagggaccaa gtttcaccag gcggccaagg 4680
atatagcaga aattaatgcc atgtggcccg ttgcaacgga ggccaatgag caggtatgca 4740
tgtatatcct cggagaaagc atgagcagta ttaggtcgaa atgccceccgtce gaagagtcecgg 4800
aagcctccac accacctagce acgctgcectt gettgtgcat ccatgceccatg actccagaaa 4860
gagtacagcg cctaaaagcc tcacgtccag aacaaattac tgtgtgcectca tceccecttteccat 4920
tgccgaagta tagaatcact ggtgtgcaga agatccaatg ctcecccagcecct atattgttet 4980
caccgaaagt gcecctgcegtat attcatccaa ggaagtatcect cgtggaaaca ccaccggtag 5040
acgagactcc ggagccatcg gcagagaacce aatccacaga ggggacacct gaacaaccac 5100
cacttataac cgaggatgag accaggacta gaacgcctga gccgatcatcec atcgaagagg o160
aagaagagga tagcataagt ttgctgtcag atggcecccgac ccaccaggtg ctgcaagtcecg 5220
aggcagacat tcacgggccg ccctcectgtat ctagcectcatce ctggtceccatt cctcatgecat 5280
ccgactttga tgtggacagt ttatccatac ttgacaccct ggagggagcet agcecgtgacca 5340
gcggggcaac gtcagccgag actaactcectt acttcecgcaaa gagtatggag tttcectggege 5400
gaccggtgcce tgcecgcecctcga acagtattca ggaaccctcecce acatcceccecget ccgcecgcacaa 25460
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gaacaccgtc acttgcaccce agcagggcect gcectcgagaac cagcecctagtt tceccacccecege 5220
caggcgtgaa tagggtgatc actagagagqg agctcgaggce gcttaccccecg tcacgcactce 5580
ctagcaggtc ggtctcgaga accagcctgg tctccaaccce gccaggcegta aatagggtga 56040
ttacaagaga ggagtttgag gcgttcgtag cacaacaaca atgacggttt gatgcgggtg 5700
catacatctt ttcecctceccgac accggtcaag ggcatttaca acaaaaatca gtaaggcaaa S7/60
cggtgctatce cgaagtggtg ttggagagga ccgaattgga gatttcecgtat gceccccecgcecgece 5820
tcgaccaaga aaaagaagaa ttactacgca agaaattaca gttaaatccc acacctgcta 5880
acagaagcag ataccagtcc aggaaggtgg agaacatgaa agccataaca gctagacgta 5940
ttctgcaagg cctagggcat tatttgaagg cagaaggaaa agtggagtgce taccgaaccce 6000
tgcatcctgt tceccectttgtat tcatctagtg tgaaccgtgce cttttcaagce cccaaggtcecg 6060
cagtggaagc ctgtaacgcc atgttgaaag agaactttcecc gactgtgget tecttactgta 6120
ttattccaga gtacgatgcce tatttggaca tggttgacgg agcecttcatgce tgcttagaca ©1860
ctgceccagttt ttgccctgca aagcectgcecgca gcectttccaaa gaaacactcece tatttggaac ©240
ccacaatacg atcggcagtg ccttcagcga tccagaacac gctccagaac gtcecctggcag ©300
ctgccacaaa aagaaattgc aatgtcacgce aaatgagaga attgcccgta ttggattcecgg 6360
cggcctttaa tgtggaatge ttcaagaaalt atgcgtgtaa taatgaatat tgggaaacgt 6420
ttaaagaaaa ccccatcagg cttactgaag aaaacgtggt aaattacatt accaaattaa 6480
aaggaccaaa agctgctgcect ctttttgcga agacacataa tttgaatatg ttgcaggaca ©540
taccaatgga caggtttgta atggacttaa agagagacgt gaaagtgact ccaggaacaa ©600
aacatactga agaacggccc aaggtacagg tgatccaggce tgccgatceccecg ctagcaacag ©660
cgtatctgtyg cggaatccac cgagagctgg ttaggagatt aaatgcggtcec ctgcttccga 6720
acattcatac actgtttgat atgtcggctg aagactttga cgctattata gccgagcact ©780
tccagecctgg ggattgtgtt ctggaaactg acatcgcecgtce gtttgataaa agtgaggacg ©840
acgccatgge tctgaccgcecg ttaatgattce tggaagactt aggtgtggac gcagagectgt ©900
tgacgctgat tgaggcggct ttcecggcgaaa tttcatcaat acatttgceccecce actaaaacta 6960
aatttaaatt cggagccatg atgaaatctyg gaatgttcct cacactgttt gtgaacacag 7020
tcattaacat tgtaatcgca agcagagtgt tgagagaacg gctaaccgga tcaccatgtg 7080
cagcattcat tggagatgac aatatcgtga aaggagtcaa atcggacaaa ttaatggcag 7140
acaggtgcgce cacctggttg aatatggaag tcaagattat agatgctgtg gtgggcgaga /7200
aagcecgecctta tttcectgtgga gggtttattt tgtgtgactc cgtgaccggce acagcecgtgece 7260
gtgtggcaga ccccctaaaa aggctgttta agecttggcaa acctctggca gcagacgatg 7320
aacatgatga tgacaggaga agggcattgce atgaagagtc aacacgctgg aaccgagtgg 7380
gtattctttc agagctgtgce aaggcagtag aatcaaggta tgaaaccgta ggaacttcca 7440
tcatagttat ggccatgact actctagcta gcagtgttaa atcattcagce tacctgagag 7500
gggcccctat aactcectctac ggcectaacctg aatggactac gacatagtcect agtccgccaa 7560
gatgggcaag cggtccgceccecg gcectctatcat gtggectggec tectectggecg tggtcatcecge 7620
atgcgcagga gcaaccagga gaggcagcegce ctactatatg tacctggaca gaaatgatge 7680
cggcgaggcecce atcagcetttc ccaccacact gggcatgaac aagtgttaca tccagatcat 7740
ggacctgggce cacatgtgcg atgccaccat gtcecctatgag tgtccaatgce tggacgaggg 7800
cgtggagcce gacgatgtgg attgcectggtg taataccaca tccacatggg tggtgtacgg 7860
caccltgccac cacaagaadgqg dgagaggcaadg gcgctctcecgg agagcagtga cactgectte 7920
ccactctacc cggaagctgc agacaagatce tcagacctgg ctggagagcec gggagtatac 7980
aaagcacctyg atccgggtgg agaactggat ctttagaaat ccaggattcg cactggcage 8040
agcagcaatc gcatggctgce tgggcagcectce cacctcecccag aaagtgatcect acctggtcat 8100
gatcctgctg atcgcccecctg cctattceccat caggtgcatc ggecgtgtcecta atcgcgactt 8160
cgtggagggce atgtctggcg gcacctgggt ggatgtggtg ctggagcacg gcecggcectgegt 6220
gacagtgatyg gcccaggaca agccaaccgt ggacatcgag ctggtgacca caaccgtgag 8280
caacatggcc gaggtgcggt cctactgcta tgaggceccagce atctcecgaca tggcecctcectga 8340
tagcagatgt cccacccagg gcgaggcecta cctggacaag cagtctgata cacagtacgt 8400
gtgcaagagg accctggtgg acaggggatyg gggaaatgga tgtggecctgt ttggcaaggg 8460
cagcctggtyg acatgcgcca agttcgectg ttctaagaag atgaccggca agagcatcca 8520
gccagagaac ctggagtacc ggatcatgct gagcecgtgcac ggcagceccagce actccecggcecat 8580
gatcgtgaac gacacaggcc acgagacaga tgagaatagg gccaaggtgg agatcacacce 8640
taacagccca cgcgceccgadgg ccacccectggg aggatttgge tcececcectgggecec tggactgcega 8700
gcctagaaca ggcecctggact tcectceccgatcect gtactatctg accatgaaca ataagcactg 8760
gectggtgcac aaggagtggt ttcacgacat cccactgcca tggcacgcadg gagcagatac 8820
aggaacccca cactggaaca ataaggaggce cctggtggag ttcaaggatg cccacgccaa 6880
gaggcagaca gtggtggtgc tgggcagcca ggagggagca gtgcacaccg ccctggcagg 8940
cgccecctggag geccgagatgg acggagcaaa gggceccoecgcectg tcectageggece acctgaagtg 2000
ccggctgaag atggataagce tgagactgaa gggcecgtgtcecce tactcectcectgt gcacageccge 2060
cttcaccttc accaagatcc ctgccgagac actgcacggce acagtgaccg tggaggtgca ©120
gtatgccggce acagacggcecce cctgtaaggt gecctgceccag atggecegtgg atatgcagac ©180
actgacccct gtgggcaggce tgatcaccgce caatccagtg atcacagagt ccaccgagaa 9240
ctctaagatg atgctggagce tggaccccce ttttggecgat agctatatcg tgatcggegt 9300
gggcgagaag aagatcacac accactggca ccgcagcggce tceccacaatcg gcaaggectt 9360
tgaggccacce gtgaggggag caaagaggat ggccgtgctg ggcgacaccg catgggattt 9420
cggcectceccecgtyg ggaggcegcecce tgaactcectcet gggcaagggce atccaccaga tcecttcecggege 9480
cgccectttaag tcececctgttcecg gecggecatgte ttggtttage cagatcecctga tcecggcacact 9540
gctgatgtgg ctgggcctga acaccaagaa tggctctatcec agecctgatgt gectggeccecct 9600
gggaggcgtyg ctgatcttcce tgagcaccgce cgtgtceccecgece tgatgataag gcecgcecgcecccac 96060
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ccagcggceccyg catacagcag caattggcaa gectgcecttaca tagaactcecge ggcecgattgge 9720
atgccgectt aaaattttta ttttattttt cttttectttt ccgaatcgga ttttgttttt 9780
aatatttcaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaga agagcegttta 9840
aacacgtgat atctggcctc atgggceccttce ctttcactgce ccgetttcecca gtcecgggaaac 9900
ctgtcgtgce agectgcatta acatggtcat agctgtttcece ttgegtattg ggcecgectcectee 92960
gcttcecctege tcactgactce gectgcecgetcecg gtegttecggg taaagectgg ggtgcecctaat 10020
gagcaaaadgd ccagcaaaag Jgccaggaacc gtaaaaaggce cgcecgttgectg gegtttttee 10080
ataggctccyg ccceccecctgac gagcecatcaca aaaatcgacg ctcaagtcag aggtggcecgaa 10140
acccgacagg actataaaga taccaggcgt ttcecccecccectgg aagcecteccctce gtgcecgetete 10200
ctgttccgac cctgceccecgett accggatacce tgtceccecgecectt tecteccectteg ggaagegtgg 10260
cgctttctca tagctcacge tgtaggtatc tcagttcecggt gtaggtcecgtt cgctccaage 10320
tgggctgtgt gcacgaaccc cccgttcagce ccgaccgcectg cgceccttatcecec ggtaactatce 10380
gtcttgagtc caacccggta agacacgact tatcgceccact ggcagcagcec actggtaaca 10440
ggattagcag agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggcecctaact 10500
acggctacac tagaagaaca gtatttggta tctgecgcectcect gctgaagcca gttacctteg 10560
gaaaaagagt tggtagctct tgatccggca aacaaaccac cgctggtage ggtggttttt 10620
ttgtttgcaa gcagcagaltt acgcgcagaa aaaaaggatc tcaagaagat cctttgatcect 10680
tttctacggg gtctgacgct cagtggaacg aaaactcacg ttaagggatt ttggtcatga 10740
atacacggtyg cctgactgcg ttagcaattt aactgtgata aactaccgca ttaaagcectta 10800
tcgatgataa gctgtcaaac atgagaattc ttagaaaaac tcatcgagca tcaaatgaaa 10860
ctgcaattta ttcatatcag gattatcaat accatatttt tgaaaaagcc gtttctgtaa 10920
tgaaggagaa aactcaccga ggcagttcca taggatggca agatcctggt atcggtcectge 10980
gattccgact cgtccaacat caatacaacc tattaatttc ccctcecgtcaa aaataaggtt 11040
atcaagtgag aaatcaccat gagtgacgac tgaatccggt gagaatggca aaagcttatg 11100
catttctttc cagacttgtt caacaggcca gccattacgce tcecgtcatcaa aatcactcecge 11160
atcaaccaaa ccgttattca ttcgtgattg cgcecctgagceg agacgaaata cgcgatcget 11220
gttaaaagga caattacaaa caggaatcga atgcaaccgg cgcaggaaca ctgccagege 11280
atcaacaata ttttcacctg aatcaggata ttcttctaat acctggaatg ctgttttceccce 11340
ggggatcgca gtggtgagta accatgcatce atcaggagta cggataaaat gecttgatggt 11400
cggaagaggc ataaattccg tcagceccagtt tagtctgacc atctcatcectg taacatcatt 11460
ggcaacgcta cctttgceccat gtttcagaaa caactctggce gcatcggget teccatacaa 11520
tcgatagatt gtcgcacctg attgcccgac attatcgcga gcecccatttat acccatataa 11280
atcagcatcce atgttggaat ttaatcgcgg cctcgagcaa gacgtttceccece gttgaatatg 11640
gctcataaca cceccttgtat tactgtttat gtaagcagac agttttattg ttcatgageg 11700
gatacatatt tgaatgtatt tagaaaaata aacaaatagg ggttccgcgce acatttccce 11760
gJaaaagtgcc acctaaattg taagcecgttaa tattttgtta aaattcgcecgt taaatttttg 11820
ttaaatcagc tcatttttta accaataggc cgaaatcggc aaaatccctt ataaatcaaa 11880
agaatagacc gagatagggt tgagtggccg ctacagggcecg ctcecccattcecg ccattcagge 11840
tgcgcaactyg ttgggaaggg cgtttcggtyg cgggecctcett cgcectattacg ccagcectggeg 12000
aaagggggat gtgctgcaag gcgattaagt tgggtaacgc cagggttttc ccagtcacac 12060
gcgtaatacg actcactata g 12081
SEQ ID NO: 39 moltyvpe = RNA length = 2021
FEATURE Location/Qualifiers
misc feature 1..2091

note = recomblnant Zika virus antligen construct
source 1..2091

mol type = other RNA

organlism = synthetic construct
SEQ ID NO: 39
atgggcaagc ggtccecgeccecgg ctcectatcatg tggcectggcect ctcectggececgt ggtcatcgca ©0
Lgcgcaggag cagcggaggt caccaggaga ggcagcecgcect actatatgta cctggacaga 120
aatgatgccyg gcgaggccat cagcectttceccece accacactgg gcatgaacaa gtgttacatce 180
cagatcatgg acctgggcca catgtgcgat gceccaccatgt cctatgagtg tccaatgetg 240
gacgagggcyg tggagcccga cgatgtggat tgctggtgta ataccacatc cacatgggtg 300
gtgtacggca ccltgccacca caagaaggga gaggcaaggce gctctcggag agcagtgaca 3600
ctgeccttceccece actctacceccg gaagcectgcag acaagatctce agacctggcet ggagagceccgg 420
gagtatacaa agcacctgat ccgggtggag aactggatct ttagaaatcc aggattcgca 480
ctggcagcag cagcaatcgc atggctgctyg ggcagctcca cctecccagaa agtgatctac 540
ctggtcatga tcctgctgat cgcccctgcece tattccatca ggtgcatcgg cgtgtctaat ©00
cgcgacttcg tggagggcat gtctggcggce acctgggtgg atgtggtgct ggagcacggce ©60
ggctgcgtga cagtgatggc ccaggacaadg ccaaccgtgg acatcgagcect ggtgaccaca 720
accgtgagca acatggccga ggtgcggtcecce tactgcectatg aggceccagcecat ctceccgacatg 780
gccectcectgata gcagatgtcecce cacccagggce gaggcectacce tggacaagca gtctgataca 840
cagtacgtgt gcaagaggac cctggtggac aggggatggg gaaatggatg tggcecctgttt 900
ggcaagggca gcctggtgac atgcgccaag ttcecgecctgtt ctaagaagat gaccggcaag 960
agcatccagce cagagaacct ggagtaccgg atcatgctga gcecgtgcacgg cagccagcac 1020
tccggecatga tcecgtgaacga cacaggceccac gagacagatg agaatagggce caaggtggag 1080
atcacaccta acagcccacg cgccgaggcece accctgggag gatttggete cctgggectg 1140
gactgcgagc ctagaacagg cctggacttce tceccgatcectgt actatctgac catgaacaat 1200
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aagcactggce tggtgcacaa ggagtggttt cacgacatcce cactgccatg gcacgcecagga 1260
gcagatacag gaaccccaca ctggaacaat aaggaggccce tggtggagtt caaggatgecce 1320
cacgccaaga ggcagacagt ggtggtgctg ggcagceccagg agggagcagt gcacaccgcece 1380
ctggcaggcyg ccctggaggce cgagatggac ggagcaaagqg gceccgceccectgtce tagecggceccac 1440
ctgaagtgcc ggctgaagat ggataagctg agactgaagg gcgtgtcecta ctcectectgtge 1500
acagccgcecct tcaccttcac caagatccecct gccgagacac tgcacggcac agtgaccgtg 1560
gaggtgcagt atgccggcac agacggcccce tgtaaggtgce ctgcccagat ggceccgtggat 1620
atgcagacac tgacccecctgt gggcaggcectg atcaccgcecca atccagtgat cacagagtcecce 1680
accgagaact ctaagatgat gctggagctg gaccceccceccectt ttggcgatag ctatatcecgtg 1740
atcggecgtgg gcgagaagaa gatcacacac cactggcacc gcagcecggcetce cacaatcecgge 1800
aaggcctttyg aggccaccgt gaggggagca aagaggatgg ccecgtgcectggg cgacaccgca 1860
tgggatttcg gectcegtggg aggcecgceccectg aactcectcectgg gcaagggcecat ccaccagatce 1920
ttcggecgeccg cctttaagtce cctgttcecgge ggcecatgtcett ggtttagcecca gatcctgatce 1980
ggcacactgce tgatgtggct gggcecctgaac accaagaatg gctctatcag cctgatgtge 2040
ctggcecctgg gaggcecgtgcet gatcttectg agcaccgcecg tgteccgectg a 2091
SEQ ID NO: 40 moltype = RNA length = 2021
FEATURE Location/Qualifiers
misc feature 1..2091

note = recomblnant Zika virus antligen construct
source 1..2091

mol type = other RNA

organlism = synthetic construct
SEQ ID NO: 40
atgggcaagc ggtcecgeccgg ctcectatcatg tggectggect ctectggececgt ggtcatcgca 60
tgcgcaggag cagcggaggt caccaggaga ggcagcecgcect actatatgta cctggacaga 120
aatgatgccyg gcgaggccat cagcectttceccecce accacactgg gcatgaacaa gtgttacatce 180
cagatcatgg acctgggcca catgtgcgat gccaccatgt cctatgagtg tccaatgectg 240
gacgagggcyg tggagcccga cgatgtggat tgctggtgta ataccacatce cacatgggtg 300
gtgtacggca ccltgccacca caagaaggga gaggcaaggce gctctcggag agcagtgaca 360
ctgcecttcecece actctacccecg gaagcectgecag acaagatctce agacctggcect ggagagceccgg 420
gagtatacaa agcacctgat ccgggtggag aactggatct ttagaaatcc aggattcgca 480
ctggcagcag cagcaatcgce atggctgctyg ggcagcectcca cctecccagaa agtgatctac 540
ctggtcatga tcctgctgat cgceccccectgcece tattccatca ggtgcatcgg cgtgtcectaat 600
cgcgacttcg tggagggcat gtctggcgge acctgggtgg atgtggtgct ggagcacggce ©60
ggctgcgtga cagtgatggce ccaggacaag ccaaccgtgg acatcgagcet ggtgaccaca 720
accgtgagca acatggccga ggtgcggtcce tactgctatg aggccagcat ctceccgacatg 780
gecctcectgata gcagatgtcecce cacccagggce gaggcectacce tggacaagca gtcectgataca 840
cagtacgtgt gcaagaggac cctggtggac aggggatggg gaaatggatg tggcecctgttt 900
ggcaagggca gcctggtgac atgcecgccaag ttcecgectgtt ctaagaagat gaccggcaag 960
agcatccagce cagagaacct ggagtaccgg atcatgctga gcecgtgcacgg cagceccagcac 1020
tccggecatga tcgtgaacga cacaggccac gagacagatg agaatagggce caaggtggag 1080
atcacaccta acagcccacg cgccgaggcece accctgggag gatttggetce cctgggectg 1140
gactgcgagc ctagaacagg cctggacttce tceccgatcectgt actatctgac catgaacaat 1200
aagcactggce tggtgcacaa ggagtggttt cacgacatcc cactgccatg gcacgcagga 1260
gcagatacag gaaccccaca ctggaacaat aaggaggccce tggtggagtt caaggatgece 1320
cacgccaaga ggcagacadgt ggtggtgctg ggcagccadgg agggagcagt gcacaccgcece 1380
ctggcaggcyg ccctggaggce cgagatggac ggagcaaadgqg gceccgceccectgtce tagecggceccac 1440
ctgaagtgcc ggctgaagat ggataagctg agactgaagg gcecgtgtceccta ctcectectgtge 1500
acagccgcecct tcaccttcac caagatccecct gccgagacac tgcacggcac agtgaccgtg 1560
gaggtgcagt atgccggcac agacggcccce tgtaaggtgce ctgcccagat ggceccgtggat 1620
atgcagacac tgacccctgt gggcaggctg atcaccgcecca atccagtgat cacagagtcecce 1680
accgagaact ctaagatgat gctggagctg gaccceccceccectt ttggcecgatag ctatatcecgtg 1740
atcggecgtgg gcgagaagaa gatcacacac cactggcacc gcagcggcetce caccctggge 1800
aaggccttta gcaccaccct gaagggagca cagaggctgg ccecgcecctggg cgacaccgca 1860
tgggatttcg gctccatcgg aggegtgttce aactctatcg gcaaggceccecgt gcaccaggtg 1920
ttcggecggecg ccectttcecggac cctgttcecgge ggecatgtcett ggatcaccca gggcecctgatg 1980
ggcgccecctge tgcectgtggat gggegtgaac gcecccgggacce ggtcectatcecge cctggectte 2040
ctggccaccyg gaggcecgtgcet ggtgttcecctyg gceccaccaacg tgcacgcectg a 2091
SEQ ID NO: 41 moltype = RNA length = 2082
FEATURE Location/Qualifiers
misc feature 1..2082

note = recomblinant Zika virus antigen construct
source 1..2082

mol type = other RNA

organlism = synthetic construct
SEQ ID NO: 41

atgggcaagc ggtccgeccecgg ctcectatcatg tggctggecect ctcectggceccecgt ggtcatcgca

tgcgcaggag caaccaggag aggcagcgcce tactatatgt acctggacag aaatgatgcce

60
120
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ggcgaggcca tcagctttcce caccacactyg ggcatgaaca agtgttacat ccagatcatg 180
gacctgggcce acatgtgcga tgccaccatg tcecctatgagt gtccaatgct ggacgaggge 240
gtggagcccyg acgatgtgga ttgcectggtgt aataccacat ccacatgggt ggtgtacgge 300
acctgccacc acaagaagdqg agaggcaagqg cgctctcgga gagcagtgac actgeccttcecce 360
cactctaccce ggaagctgca gacaagatct cagacctggce tggagagcecg ggagtataca 420
aagcacctga tccecgggtgga gaactggatce tttagaaatc caggattcge actggcagca 480
gcagcaatcg catggctgct gggcagctcce acctcocccaga aagtgatcta cctggtcatg 2540
atcctgctga tcecgcecceccecctge ctattccatce aggtgcatcg gcegtgtcectaa tcecgcecgactte ©00
gtggagggca tgtctggcgg cacctgggtyg gatgtggtgce tggagcacgg cggcectgegtg ©60
acagtgatgg cccaggacaa Jccaaccgtdg gacatcgagce tggtgaccac aaccgtgage 720
aacatggccyg aggtgcecggte ctactgcectat gaggccagceca tcectceccgacat ggcecctctgat 780
agcagatgtc ccacccaggg cgaggcctac ctggacaagce agtctgatac acagtacgtg 840
tgcaagagga cccltggtgga caggggatgg ggaaatggat gtggcectgtt tggcaaggge 9S00
agcctggtga catgcgccaa gttecgcecctgt tcectaagaaga tgaccggcaa gagcatccag 960
ccagagaacc tggagtaccg gatcatgctg agcecgtgcacg gcagccagca ctceccecggcecatg 1020
atcgtgaacyg acacaggcca cgagacagalt gagaataggg ccaaggtgga gatcacacct 1080
aacagcccac gcgccgagge caccctggga ggatttgget cecctgggect ggactgcgag 1140
cctagaacag gcctggactt ctccgatctg tactatctga ccatgaacaa taagcactgg 1200
ctggtgcaca aggagtggtt tcacgacatc ccactgccat ggcacgcagg agcagataca 1260
ggaaccccac actggaacaa taaggaggcecce ctggtggagt tcaaggatgce ccacgceccaag 1320
aggcagacag tggtggtgct gggcagccag gagggagcag tgcacaccgce cctggcagge 1380
gececcectggagg ccgagatgga cggagcaaadg ggceccgectgt ctagcecggceca cctgaagtge 1440
cggctgaaga tggataagct gagactgaag ggcecgtgtcecct actctcectgtg cacagccecgcecce 1500
ttcaccttca ccaagatccce tgccgagaca ctgcacggca cagtgaccgt ggaggtgcag 1560
tatgccggca cagacggceccce ctgtaaggtg cctgecccaga tggceccgtgga tatgcagaca 1620
ctgacccctyg tgggcaggect gatcaccgcece aatccagtga tcacagagtc caccgagaac 1680
tctaagatga tgctggagct ggacccceccecct tttggcgata gctatatcecgt gatcggegtg 1740
ggcgagaaga agatcacaca ccactggcac cgcagcecggcet ccacaatcgg caaggecttt 1800
gaggccaccg tgaggggagc aaagaggatg gceccecgtgcectgg gcgacaccecgce atgggattte 1860
ggctcegtgg gaggcecgcececct gaactcectcectg ggcaagggca tceccaccagat cttcecggegece 1920
gcetttaagt ccecectgttcgg cggecatgtet tggtttagec agatcctgat cggcacactg 1980
ctgatgtggc tgggcctgaa caccaagaat ggctctatca gcecctgatgtg cctggeccecctg 2040
ggaggcgtge tgatcttcect gagcaccgcece gtgteccgect ga 2087
We claim: 8. The composition according to claim 4, wherein the com-

1. An RNA-based vaccine construct encoding a polypep-
tide comprising a Zika virus prME antigen or a variant thereof,
wherein the construct encodes a JEV signal sequence or a
variant thereof m place of the Zika virus prME signal
sequence, and
wherein said construct comprises a nucleic acid sequence
encoding a polypeptide comprising an amino acid
sequence which 1s at least 95% 1dentical to SEQ ID
NO:19.

2. A construct according to claim 1 wherein said JEV signal
sequence or variant thereof 1s juxtaposed immediately next to
and N-terminal of the Zika virus prME antigen or variant
thereof.

3. A construct according to claim 1 wherein said construct
comprises a nucleic acid sequence encoding a polypeptide
comprising an amino acid sequence which 1s at least 98%
1dentical to SEQ ID NO:19.

4. A composition comprising:

an immunologically effective amount of one or more of the

constructs of claim 1; and

a pharmaceutically acceptable carrier.

S. The composition according to claim 4, whereimn the com-
position comprises a non-viral delivery material.

6. The composition according to claim 5, wherem non-viral
delivery material comprises a submicron cationic oil-in-water
emulsion which comprises an o1l core, a cationic lipid, and a
surfactant.

7. The composition according to claim 4 wherein the com-
position turther comprises one or more nucleic acid sequences
which encode one or more additional antigens and/or the com-
position further comprises one or more additional antigens.

position 1s pharmaceutically acceptable for adminmistration to
a subject 1n combination with a further composition which
comprises a nucleic acid comprising a sequence which
encodes an additional antigen; and/or the composition 1s phar-
maceutically acceptable for administration to the subject n
combination with a further composition which comprises an
additional antigen.

9. The composition according to claim 4 wherein the com-
position comprises one or more adjuvants.

10. The construct of claim 1; which 1s suitable for use 1n
therapy.

11. A method for mducing an immune response to a Zika
virus imnfection 1n a subject which comprises administering the
construct of claim 1 to a subject.

12. A constructaccording to claim 2, wherein said construct
comprises a nucleic acid sequence encoding a polypeptide
comprising an amino acid sequence which 1s at least 98%
1dentical to SEQ ID NO: 19.

13. A composition comprising:

an immunologically effective amount of one or more of the

constructs of claam 2; and

a pharmaceutically acceptable carrier.

14. A composition comprising:

an immunologically effective amount of one or more of the

constructs of claam 3; and

a pharmaceutically acceptable carrier.

15. The composition according to claim 4, wherein the
composition comprises a non-viral delivery material.

16. The composition according to claim §, wheremn said
non-viral delivery matenial comprises a submicron cationic
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oil-in-water emulsion; a liposome; or a biodegradable poly-
meric microparticle delivery system.

17. The composition according to claim 15, wherein said
non-viral delivery material comprises a submicron cationic
oil-in-water emulsion; a liposome; or a biodegradable poly-
meric microparticle delivery system.

18. The composition according to claim 15, wherein said
non-viral delivery material comprises a submicron cationic
oil-1n-water emulsion comprises an o1l core, a cationic lipid,
and a surfactant.

19. The composition of any one of claim 4 which 1s suitable
for use m therapy.

20. A method for inducing an immune response to a Zika
virus infection in a subject which comprises administering the
composition of claim 4 to a subject.
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