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LT} HRO|2{A(Nipah virus; NiV)= Paramyxoviridae 12| Henjpavirus 0 Z&=l= RNA
HiO[2AZ, Qle3&E LIt HIO|HAY ZBSS Y27|= WECH 4552 XHEQ S 5

) |.|_|.o |

[

L|T} BO|2A= HEXQI XASZF2 Preropodidae 12| Pteropus &0 £ok= MURIFI O,

LS HFI0] ABOILE EfIOR OO HROF 4010] 43 B2 57155 4501 BE HKIt)
HE U 32 HEE)

LI} Hi0[2IAK 2RSS 34 S87| ZHOMRE XITXOI LS| 0127 /7| Cioeh A
sy Qust

L|T} HIO|2{AE 19984 LH|0|A|OF Kampung Sungai Nipah OF20M X2O2 EOIT|YOH
|= 2=etdlAl, OMAOF SER, 2k, AVIEE 5 O Cjfet X|F0A F&E0| AP LAs!
o

(@)

;O

[ |

S LIt BiO|2A HEE X|=0 20l X|=H| 3 B4MO0| EXHOHA| BL0f, &2 Fo7F BQ%t
A

o MIACIA 7HE X EH2l H0]=]

1) Nipah virus: epidemiology, pathology, immunobiology and advances in diagnosis, vaccine designing and control strategies
- a comprehensive review. Veterinary Quarterly 2019.
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Limt Hio|MA ZHZE(Nipah visus disease)zt LI} HIO|2{A(Nipah virus)
Y| Lio} Hio[2A ZHol ofst 24, g4 ¥ Ho|3AY Qs S HMEH2)

— OO0 Ho, 2o TOS —Oo

WHO 28 &= ICD-10 B33.8(7|Et HAIE HO|2{AY Ee

Matrix protein (M)

Glycoprotein (G)

et AH|2|E| 2K Paramyxoviridae) Fuson proten )
o &f|L| IO |2{AL(Henipavirus)
" LImpt0[2{A(Nipah virus)
(B4 H27I5 RNA H0[2{2)
FQ HHAISEY Nipah virus glycoprotein(G, F)
e 2= =2(Pteropodidael} Pteropussy mEE| K| S),
= ZEE SO Mo oo *EE AE, Y S 2kt
HIO|HAC| ZHEE KA HPAUEF, X S)QF 2y =, 2kt XS
2104742
o0 HIO2IA 28] 29| HoH0| O QAT AZ(OI 29 T TY 5) Al

ZFmET | 1998 ZLOIAOIA] XS SHIE
s | 1998-10004 ROAOF &710] LTt OISO XSO 2a5t0] 1 013,
29|l SO | WSRiEAL Ol TR, AVILE S LIHIE X|0jA] ARITIO! SHH0| HAER)
QEXIol | wZatEA), oIk, LOJAL Wam, AVpEE 50| QIS
SeIQY | B QUL AU
A=) o 4-14Y
« LIT} HIO[2{A ZIZ0| QUHHMOl ZAR S 3-1420 LA FE0| LIEILID 7%, QISE,
SEIR} 22 557| MElo| HEE TG
oIAr Al - H7p R CO(HS)7E FIME 4 U0, 0|2 QIEt SN0 ZR W 27t A, HAIK
=e e EUS TEE 4 T, 24-48A7H L0l ESAEIR HEA MSE & S
(1 B4) & 5, J1E, o5, 55 JE S
- (M2fSH ZA) WEUZIMNAL B = B WL 30} HEE(HY)
AES 40-70%(R3 X0 ZA| j=o| 2t Ao))
Tt AR, 7o S)0IM S0| STt ZE(Real-time RT-PCR) & HIO[ZA S8 IS ZAL
- - ® MAXCz MR3lE E0| XA g, BEA X7 AA|
X - - . ..
« QEA| BHIOZIAK| 2|HHH|2A(Ribavirin) AR
s M MAECE MR3IE o #A0| Qo QRIS 03 Al UAH S2Nj0| HEME, X 5)
© RICH QRIS LY CHEORR 404 MF| X, ARIZH ZY olUe 93

EX 1 R U9 Y I, YR, 2018, 2023 M25EA ZYE T2 A4, MSEEA AUHY= ZEEATHE, 2023,
.

2) =t 4l ey S, T
3) 2023 MSSEEAl ZEH F7H A4, MSSEA| ATZZS LYHATIE, 2023.
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- LI} HO|AA 2SS Giiob | ol dtktl SSHZQ! YMPSE! HIO A HiH, HElE AHS| I BIO|2HA
H

[e)i=3
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=
- B, CRE0) HHAl SETS0| HORA =gt

QARTHVLP) S CIfet BHBS 2R3 wiIst X20| H7ED
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- ORZ{0ll QU= S UM HIO[IA Chet TSt SISt F12f A0l ol LIEKH X2

Henipavirus
Vaccine regimen and Animal pa
Platform Name L challenge
administration route models used .
strain
Recombinant vaccinia viruses Single dose
(modified vaccinia virus Ankara) (int g it ) Mice None
intraperitonea
expressing NiV-M or HeV F, G, or N P
Vaccinia virus vector(NYVAC) 2 doses, 1 month apart | Syrian golden NIV-M
expressing NiV-M G or F (subcutaneous) hamsters
Canarypox vector(ALVAC) 2 doses, 14 days apart ! :
. ) ) Pigs NiV-M
expressing NiV-M G or F (intramuscular)

. L 3 doses on weeks 0, 5,
Venezuelan equine encephalitis virus

i d 18 Mi N
Virl expressing HeV or NiV-M G or F ane ‘ Ice one
(footpad inoculation)

vectors
Replication-defective VSV-DG Single dose(intranasal .
. . ; Mice None
vector expressing NiV-M G or F or intramuscular)
Newcastle disease virus vector 2 doses, 4 weeks apart . .
i ) i Mice, pigs None
expressing NiV-M F or G (intramuscular)
Single—cycle replication VSV-DG Single dose )
. . ) Ferrets NiV-M
vector expressing NiV-B G and/or F (intramuscular)
Adeno-associated virus vector Single dose Syrian golden NiV-M and
expressing NiV-M G (intramuscular) hamsters HeV

4) Medical countermeasures against henipaviruses: a review and public health perspective, Lancet Infect Dis 2022.
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Henipavirus
Vaccine regimen and Animal ipavir
Platform Name L challenge
administration route models used .
strain
2 doses, 21 or 28 days
apart(intraperitoneal Syrian golden
Measles virus vaccine vectors(HL [Syrian golden hamsters, NiIV=M
and Ed strains) expressing NiV-M G hamsters] or African green
subcutaneous [African monkeys
green monkeys])
Live—attenuated rVSV-ZEBOV-GP Single dose Syrian golden NIV=M
vector expressing NiV-M G, F, or N (intraperitoneal) hamsters
Single—cycle replication VSV-DG Single dose Syrian golden NIV=M
vector expressing NiV-M G or F (intramuscular) hamsters
Live—attenuated and Single dose(live) or
: o three doses
beta—propiolactone-inactivated VSV ) )
. . . (beta—propiolactone), Mice None
or rabies virus vaccine vectors
. . on weeks 0, 2, and 3
expressing codon-optimised HeV G :
(intramuscular)
Live—attenuated rVSV-ZEBOV-GP Single dose African green NIV
V-
vector expressing NiV-M G (intramuscular) monkeys
Live—attenuated rVSV-ZEBOV-GP Single dose Syrian golden NIV=M
vector expressing NiV-M G (intraperitoneal) hamsters
Syri Id
Canarypox vector(ALVAC) 2 doses, 21 days apart yrian goden
. . hamsters and None
expressing HeV G or F (intramuscular) _
ponies(horses)
Non-replicating VSV-DG vectors Single dose .
. . . ) . Mice None
expressing NiV-M G and/or F (intranasal/intracranial)
Live—attenuated and Single dose(live) or
: S 2 doses
beta—propiolactone—inactivated : .
. . . (beta—propiolactone), Mice None
rabies virus vaccine vector
. . 28 days apart
expressing NiV-B G .
(intramuscular)
Single—cycle replication VSV-DG Single dose African green NIV-B
vector expressing NiV-B G and/or F (intramuscular) monkeys
ingl t NivV-M
Chimpanzee adenovirus vector Single or two doses, Syrian golden l, '
ng NiV-B G 28 days apart hamst NiV-B,
expressing NiV- amsters
P 9 (intramuscular) and HeV
Single or 2 doses,
Modified vaccinia virus Ankara 21 days apart IFNAR -/- N
one
expressing NiV-M sG or G (intraperitoneal or mice
intramuscular)
Recombinant rabies viruses 9 doses. 8 weeks anart
, © W . .
Evelyn—Rokitnicki-Abelseth strain, (oral) P Mice and pigs None
ora
rERAG333Eexpressing NiV-M G or F
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Henipavi
Vaccine regimen and Animal AL
Platform Name L challenge
administration route models used .
strain
Bovine herpes virus 4 or canarypox 9 doses. 3 weeks anart
, O W .
vectors(ALVAC) expressing NiV-M i P Pigs None
(intramuscular)
GorF
GNiV-Mor sGHeVin CSIRO tripl
o ors -e " rpie 3 doses, 2 weeks apart )
adjuvant (subcutaneous) Cats NiV-M
ubcu u
(Montanide/QuilA/DEAE-dextran)
Recombinant soluble HeV G
2d ,21d rt :
glycoprotein in CpG plus Alhydrogel osgs ays apa Cats NiV-M
i (intramuscular)
adjuvant
Soluble trimeric forms of HeV and | 4 doses, each 30 days
NiV-M F proteins(sFGCNt) in Sigma | apart (intraperitoneal or Mice None
Adjuvant System adjuvant subcutaneous)
Recombinant soluble HeV G
2 d ,21d rt | Afri :
glycoprotein in CpG and Alhydrogel os_es ays apa rican green NiV M
) (intramuscular) monkeys
adjuvant
Recombinant soluble HeV G
2 d , 20 d rt :
glycoprotein in Alhydrogel and CpG 0569 ays apa Ferrets NiV B
) (subcutaneous)
adjuvant
Recombinant soluble HeV G
o ! . 2 doses, 21 days apart | African green
glycoprotein in Alhydrogel with or (intramusculan) monkevs HeV
without CpG adjuvant Y
Protelh Recombinant soluble HeV G 2-5 doses, weeks 0
Subunit glycoprotein(produced in 293 or and 3, then at 6
: ) Horses HeV
Chinese hamster ovary cells) in a | months and then yearly
proprietary adjuvant(Zoetis, Inc) (intramuscular)
R binant soluble HeV G
ecom |han sou_ ° e , 2 doses, 21 days apart ! NiV-M
glycoprotein in a proprietary adjuvant ) Pigs
_ (intramuscular) and HeV
(Zoetis, Inc)
Recombinant soluble HeV G
2 d ,20d rt
glycoprotein in alhydrogel + CpG 0588 ays apa Ferrets HeV
) (subcutaneous)
adjuvant
Molecular clamp-stabilised F protein | 2 dos_es, 3 weeks apart Pigs NIV
(mcsF) (intramuscular)
Multiple pre—fusion—stabilised F and
oligomeric G proteins derived from | 2 doses, 3 weeks apart .
: ) : . Mice None
NiV-M and formulated in aluminum (intramuscular)
hydroxide
Monovalent, bivalent, and tetravalent
Fc-linked G proteins from NiV-M, | 2 doses, 3 weeks apart .
Mice None

HeV, GhV, and MojV formulated in
CpG and Alhydrogel

(intramuscular)
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Henipavi
Vaccine regimen and Animal AL
Platform Name L challenge
administration route models used .
strain
Recombinant soluble HeV G Single dose or 2 doses, ) HeV
. ; African green !
glycoprotein, produced in HEK-293 4 weeks apart monkevs (Brisbane)
cells, formulated in Alhydrogel (intramuscular) Y and NiV B
Virus-like particles containing NiV-M | 3 doses on days 0, 15, Mice None
M, G, and Fq| and 29(subcutaneous)
Virus-like particles containing NiV-M |
. . Single dose or 3 doses .
M, F, and G, formulated in various Syrian golden )
: . on days 0, 21, and 42 NiV-M
Virus- adjuvants(alum, monophosphoryl } hamsters
. - (intramuscular)
like lipid A, and CpG)
particles Virus-like particles containing NiV-M 3 doses on weeks 0. 3
W .3, .
M and F or G in Sigma Adjuvant ) Rabbits None
and 5(intramuscular)
System
Virus—like particles containing NiV-M | 3 doses on weeks 0, 3, .
! . Mice None
F and G and HeV M and 6(intraperitoneal)
Pellet tants f F9
ellets and §uperna an _s rom_s 2 doses, 3 weeks apart
Cellular | cells expressing recombinant NiV-M ) )
) . ) (intramuscular and Mice None
debris F and G proteins in a baculovirus i )
intraperitoneal)
system
Plasmids encoding codon-optimised | 2 doses, 4 weeks apart Mice None
NiV-M F and/or G (intramuscular)
DNA (_Stmgle dosle) -
intram r V-
Plasmids encoding NiV-M F and/or G amuscuia Mice )
followed by pseudovirus
electroporation
HeV G codon-optimised mRNA in Single dose Syrian golden NIV=M
liquid nanoparticles (intramuscular) hamsters
Undisclosed
mRNA |  mRNA-1215, mRNA encoding nre'ffn?f;j o be
NiV-M F and G in liquid To be determined P .
. develop determined
nanoparticles
ment

% GhV=Ghanaian bat henipavirus. GP=glycoprotein. HeV=Hendra virus. MojV=Mojiang henipavirus. NiV=Nipah virus.
NiV-B=Nipah virus Bangladesh. NiV-M=Nipah virus Malaysia. rVSV=recombinant vesicular stomatitis virus.
VSV=vesicular stomatitis virus. ZEBOV=Zaire Ebola virus.
These vaccines are intended primarily for veterinary use.
The single-cycle replication VSV-DG vector expressing NiV-B G and/or F is identical in these studies.
The live—attenuated rVSV-ZEBOV-GP vector expressing NiV-M G is identical in these studies.
The soluble HeV G protein is identical in all studies using different adjuvant formulations.
The virus-like particles are identical in these studies using different formulations.

2h A SEZ0| et TR YEs X =2 AT Y.

£7X : Medical countermeasures against henipaviruses: a review and public health perspective, Lancet Infect Dis 2022.,
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(GllLimt Hio|2{A EH B4 243}t o ARXL XNSH FHE $HEh
Available
Classifi evidence . .
Name . . Target Mode of action Finding
cation (Injection
method)
Reduced mortality of
Open-label .
. . treated patients
clinical trial in ' o .
L . ) Viral replication compared with
Ribavirin Antiviral humans NiV o .
(oral and inhibition non-treated patients
oral an . :
ntravenous) (by 36%) in Malaysian
outbreak(1998)
African green Nucleotide analogue ) . .
- - ) o Protection against viral
Remdesivir | Antiviral monkeys NiV prodrug, inhibits viral
' L challenge
(intravenous) replication
Syrian golden '
4 g ) Viral RNA-dependent ) . .
L . hamsters NiV, Protection against viral
Favipiravir Antiviral RNA polymerase
(oral and HeV o challenge
inhibitor
subcutaneous)
Syrian golden Inhibition of viral
hamsters replication in vitro. No
) Anti . i NiV, Inhibition of F protein P ) ) .
Chloroquine ) (intraperitoneal) ) conclusive evidence in
malarial HeV maturation ) !
and ferret (route vivo challenge—in
not stated) combination with ribavirin
- . Inhibition of viral
) Inhibits cell-mediated ) .
) Syrian golden ) ) ) ) trans—infection in vitro.
: Antico NiV, | viral trans-infection by .
Heparin hamsters o Heparin treatment
agulant HeV binding to heparan ) o .
(subcutaneous) restricts NiV infection in
sulfate )
Syrian golden hamsters
Syrian golden
Y g Induces IFN-a and . )
Inter hamsters ) Inhibition of viral
. . ) IFN-A production, L .
Rintatolimid feron (subcutaneous NiV o . replication and protection
) inhibition of viral ) .
inducer and o against viral challenge
) ) replication
intraperitoneal)
Griffithsin Antiviral Syrian golden NiV Inhibits viral entry, Reduced viral replication

5) Medical countermeasures against henipaviruses: a review and public health perspective,

10

Lancet Infect Dis 2022.
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Available
Classifi evidence
Name . . Target Mode of action Finding
cation (Injection
method)
oL ) in vitro and provides
) hamsters replication and syncytia , , i
lectin . ) partial protection against
(intranasal) formation .
viral challenge
African green
VIKI-dPEG4- Viral monkeys and
Toco, fusion Syrian golden NIV Inhibition of F protein | Partial protection against
i
VIKI-PEG4~ | inhibitory hamsters fusion and cell entry viral challenge
chol peptide | (intratracheal and
intranasal)
Inhibiti f infecti d
_ Viral RNA-dependent " l_l lo_n o Inee Io.n an
. Myco , NiV, replication; Cytotoxic but
Gliotoxin , In vitro RNA polymerase ) )
toxin HeV o possible topical
inhibitor -
applications
Anti
Bortezomib canncler In vitro NiV Proteasome inhibitor | Inhibition of viral budding
Viral RNA-d dent
Balapiravir, Antiviral In vit NiV, Ir;NA | ependen Inhibition of viral
ntivir n vitr mer.
R1479 @ © HeV polymerase replication
inhibitor
. Inhibition of recombinant
L Nucleotide analogue ) _
Lumicitabine, Antiviral In vitro NiV rodrug, inhibits viral and wild-type NIV
ALS-8112 P o o replication, and reduced
replication o . . .
NiV in fectious virus titer
| =stimul
ntraveno'us itllmuated Inhibition of viral
enes: catalyses
CH25H Antiviral In vitro NiV .g . Y membrane fusion and
oxidation of cholesteral to . o
NiV replication
25-hydroxycholesterol
Immunomodulation of Inhibition of viral
KIN1408 Antiviral In vitro NiV interferon regulatory | replication and decreased
factor 3 viral load in vitro
AB00991123, Sulfon Inhibition of NiV-induced
AB00992391, | Antivirals In vitro NiV amide compounds, cytopathic effect and
AB00993210 unknown virus replication

% HeV=Hendra virus. NiV=Nipah virus. Patients also received intensive supportive treatment, and comparators were
historical control patients.
% 9 =29 ZF ARK XA FHZ0 Ofst ARl HEE EX =2 &1 HIE.

T ol

£X : Medical countermeasures against henipaviruses: a review and public health perspective, Lancet Infect Dis 2022.
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2) LiOt Hio[3jA ZAHSO| SE0H

Lit Hioj2iA S2EHe| 5

- LI} BO2AL TS|, TIOJ0, SiR| 2 22 HBGI01 THISH 0K U VIRS 2SS FISHDY
S259| ZM2 1 F20| T2f ORIt QAGH| 271LE ZHHEI0N 0fF SSO|Lt LT} Hio[2IA
Ss0de 283 4 9IS

- ST, CHESQ! U} HI02IA SSRU0K= ARI0F BE AE, SZHH|, OFZ27} =4 2450
SO| T BE SBES QZINA LI} HI02IA ZBS0| S4T HRIS TR Bl LIEtLo]
SSM3 D2 BED YIS

- Of2fl HOIM Lot HIO|HAS] CHEXQ! SSRH} 21219 H-HHEHS QO5INS0)

(Lo} Ho[2{A SETRWO| FHM )
Lot Hio|2A SEXY o =5

« BIZ0| ZQ, ORI HImGl0] BHHE SR
- XS 732 9 MHISO2 Uige M3 Jls | LE
O

SHAE{(Hamster B} ° I 3
i ) « CiSt &0 Z=(IN and IP) « A2 TV |2 Olot Mgkl M2| 3 aliE DLIER

TR SE7) HIORIAY] THet QHx0I S2 | - Ozl A Biet 20| NV-Mzt

_ 2y NV-B @5 A0l HEY B2 Ho)
BIEAH|(Ferret) = - S=3 =3

- A B3 2 27|12 M2is; Helst Y | ZBoIM A0t LIEILIX| 948
B BUEY 2E 80 « FiBHEl B1o] Ajef £0f

HIZ HHel 2214 ZH= Qs

P 52 HIgT
(Afrcon Groon Monkey, | © 271 5 TS S8 AfE 2 IS Ry | SuA 4
P magma s * YAE| I 2 ZHH| DO Hi5h AZE

AGM)

6) Nipah Virus Assays and Animal Models for Vaccine Development, Landscape Analysis, CEPI, 2021.
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3) Ljm} HiO|2A HHA QIAMAIS St
- Clinical trial.gov ZAS S5 £ 4T Ql= LT BIOJ2IA #AI(Nipah virus vaccine)?] QAAIE BIZIS FA- 243!
(Lim} HIO|2{A(NV) Al 2HH QM Sish)
Vaccine St Sponsor,
NCT Number Title ! Status udy Conditions Interventions SRET/ Phases Locations
name Results Collaborators
Auro Vaccines LLC;
Biological: | PATH: Coalition for Cincinnati
No Nipah HeV-sG-V,; Epidemic Children's
Safety and Immunogenicity of a| HeV- iy _ Biological: Preparedness Hospital Medical
NCT04199169 R t Result Vi Ph 1
Nipah Virus Vaccine sG-V ecrutting A ea?ll;bfe In felrcfon Normal Innovations; ase Center(CCHMC),
v
Saline Cincinnati Children's Cincinnati, Ohio,
Placebo Hospital Medical United States
Center(CCHMC)
Public Health
A Phase 1 Study to Evaluate L ! _IC e ]
Safety & Immunogenicity of No Nioah Biological: Vaccines LLC; Johnson County
u
v nogeniaity VSV N P PHVO2; Coalition for Clin-Trials(JCCT),
NCT05178901 |rVSV-Nipah Virus Vaccine Recruiting | Results Virus ) ) ) Phase 1
. . (PVHO02) ) ) Other: Epidemic Lenexa, Kansas,
Candidate PHV02 in Healthy Available | Infection )
) Placebo Preparedness United States
Adult Subjects )
Innovations
National
Dose Escalation, Open-Label ) ) _atmna
. . National Institute of Institutes of
Clinical Trial to Evaluate Safety, ) .
Tolerabili ql it RNA No Nipah Biological: Allergy and Health Clinical
olerability and Immunogenici m iological:
NCT05398796 i Y ! . 9 Y Recruiting | Results Virus d Infectious Diseases |Phase 1| Center(NIAID),
of a Nipah Virus(NiV) mRNA -1215 ) ) mRNA-1215
. ) Available | Infection (NIAID); Moderna Bethesda,
Vaccine, mRNA-1215, in )
TX, Inc Maryland, United
Healthy Adults
States

&5 : Clinical trial.gov(2023.7 7|%)

13



= SF0ME AM HTHE YA TR SO JHLFH|(OF D~@)2 S&ck= 551 ZA-ZA0IM

CEE F2 561 JHLFH(ORY @~@)0f ol dTH=

® Auro Vaccines LLC ,QAuroVaccines

O Auro HHAI2 223 HHO| Cifet G 3 K= BAMO| A9 JH, 2|0 ek T BiA IR SN

O Henry M. Jackson foundation2| &{71= £t0f L|It HIO[HA(NIV) 2 oilete Jo SI=2HHendra)
HIO[H A9 glycoprotein(G TR, T HEHE)OZ L MAS MERR Hdl(HeV-sG-V)o| 4
A4S Zldoi! UZ

O HeV-sG-V Nipah vaccine 272 NIAID(National Institutes of Allergy and Infectious
Diseases; 0= =& Y|=27|-ZHH A7) CEPI(the Coalition for Epidemic Preparedness
Innovations; HZH O&MAR) Q| X[HC=E AS=0| Oigt HAMY ¥ &5 A7, IND 23t of

Ty S, cCMP il M= & SAIE =g

golr

O HiA2 SR 1T UaEIH TR F(NCT04199169)
- Title : Safety and Immunogenicity of a Nipah Virus Vaccine
— Collaborator: PATH, Coalition for Epidemic Preparedness Innovations, Cincinnati Children's
Hospital Medical Center(CCHMC)

blic health
@ Public Health Vaccines(PHV) LLC (@ Bublic hedl

O PHVE= VSV 7z SES ERolll AUe HIYE dHSS A2, TE filoviruset AHES 24
BHAS JHESED, b4 VSV HIE] 7|8t Ebola Zaire vaccine WS HEEOZ TIslst

O PHV, Crozet BioPharma2t 322 76t Qe LI} HIO|ZHA BiA PHVO2(rVSVAG-EBOV
GP/NIV G)2 & LIS HIOIZA(VSY) HIEE 01851 13 FEQ =3t & Lo} Hio[2A

HHAJOI
S e |
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DNA synthesized from
coresponding RNA sequence
of viral genomes

Vesicular Nipah virus
stomatitis virus

!
“ NPM G L
Ebola virus VSV 3N N - 3
NP M L
VSV e .
Gleleted — n p M Gp & [
Vaccine Virus 3* 55 £ 5 IS S S 5°
-, 8
P VP35VP40  GP VPIOVP24 PMF G
Ebola 3 S o N ) 3 S5 Nipah 3 2 2 i i e
T7 Promater
e Y
,,’To oy Recombinant 7 Termi » P
g % vsWvector ferminator g
§  plasmid DNA ™
& ¢ L ' GP
¢ ¢
h VSVN e [
%, :' \ V4
e, vsVm e L o
> P4 o 2=
I Helper plasmids ™, Recombinant VSV vector
.Y incorporating Ebola
a B and Nipah genes
Transfection |
e
) e
d e ey vi duced h
S T7polymerase - ysy P rus produced has
> W W\ VSV bullet shape and

envelop composed of
Ebola GP and Nipah G
Proteins

/.
! scln to mRNA . v\. .

Virus assembly
and replication

Virus buds
from cell

{rVSV-Nipah vaccine(PHV02)2Q| =)

=X : Nipah Vaccine Target, The Nipah Vaccine Project

O rVSV-Nipah vaccine2 =& EZ1®(NIH; national institutes of health)Q| LI =& A2|27|
2 MAY A-LA(National institute of allergy and infectious diseases, NIAID)2| HIO|2{ASt
A (laboratory of intramural research) L SiRIX BEDF BIAKDr. Heinz Feldmann) SILA0A]

O PHV= ZIE Of|dt S4A1 HSHCEPI)Z} E|CH 4,360% 22| 29| MIEL A M2} 24 QA HIAES
S5 #HA SHZ BRA|7|7] ol AES X|YHre

Teo

O PHVe CEPl= Lo} #il JHRM HEAE HAOIES JHd

O HHAIS SiXH 1CH4| QAT Ris =(NCT05178901)
- Title : A Phase 1 Study to Evaluate Safety & Immunogenicity of rVSV-Nipah Virus
Vaccine Candidate PHV02 in Healthy Adult Subjects

— Collaborator: Coalition for Epidemic Preparedness Innovations
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20234 ME 2iHH WA RSD U E6] M 2A - LI HOIZA(Nipah virus) -
® ECELKModerna) mOderﬂ_q
O EOLt= HitIA

RNA
SYZ 7|22 BRT ABIAXY, HIV T2IT LI} HIORIAS O3 4 Qs wAle) iy SX2

=2 A0 [

A=A 3 A JHH0| ol s MY S A= 202132 H mRNA

Ead
0 20224 7€, RHLE IRUY2T HEHATANIAID)QL E7H LTt H0[2A ZEHS 05t | /st
T8 s Witke 27| BA LYARES AEE
A

O 0JH MBI WA IHAEAX ZE2IX0) QU= DO MO NIAIDS| #Al GiME(e}
=

£

2 mRNA for P Nipah
Nipah prefusion

protein and G protein preluslfm
F protein

trimer

Vesicle

Ribosome ;

Z //‘ B / G protein
=

= N =N / Golgi
Encoded f
mRNAs N
Endoglasmic
Cytosol reficukum Nucleus

{Nipah vaccine(mR2NA-1273) overview)

Z£X : Moderna Presentation, 2021.

0 2 UAAIBI| ARRE mRNA-1215 HHAIS NiVO| SHI(F or G LEHENT} mRNA ZHE 7|48
=25t uihlg)
O OF LN Sof WAQ| O, LM U HIOHISS MAGK S W oYY

O HHAIS SR 1EH UM} RIGH S(NCT05398796)
- Title : Dose Escalation, Open-Label Clinical Trial to Evaluate Safety, Tolerability and
Immunogenicity of a Nipah Virus(NiV) mRNA Vaccine, mRNA-1215, in Healthy Adults
- Collaborator: Moderna TX, Inc, National Institute of Allergy and Infectious Diseases

(NIAID)
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USU-HIF 3& 7I1=01™ AFRAE &Solf olid 7|=0] Auro Vaccines LLCO| 2{0[MA U=
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AN 14 A0 UAS(AM HeV-sG-V &Y
O ot HIF= HEd 2Y S ofel LI BiO[HAL} EE H+1E Flalloh! AUCH, T2 S
b AE 0|01/t S

® Zoetis Services LLC ZQEtIS

O Zoetis= OIRASST 7152 9ot 0120 OO U WNS MAGH= AP 2l SSOIFE KoM

O =2 N ECh MFEIAR! 210IXKPlizen)2] KIEIAIGIKIRE, SIOIXIE BAR] Xl 83%2 SAGIRIA
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W AES i A ReD W 6] M= 24 - LI HI0IZHA(Nipah virus) -

O ZOElA= Zt AZHOA| IR XIFHQI ZF0t BEE =2 O A=t Hio|2A Wils 2012

i

11201 7Heret

O offd U2 AT AEY 4 U= A=et HIO|HA St MERR #AOZ, HIO|HAN et 718

O ZOEAE O[20E A4E 7HRE Aldd 20| et A=A
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OOl 2 Cryst T OfS Al
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UREVAC
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the ROA Peoffe@)

O CureVac2 Mt RNAS 7[HIO=2 ot X|zES 7HEol= 59| HI0IR MF2IAO|H, =2 M| 7HX]

Rz ol Z48E ofg idl, @f B F 31 BX QB0 =S £ mRNA 7[8t Oj0|Z2[01ES
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Nipah virus, (Lo AND(HIO|2IA HI2A)) OR(nipah AND(virus viral))).TI,AB,CLA,
A 2 IPC TF,BT. AND(A61K-039*).IPC. AND(@AD)=20120101¢=20230630)) 33971 | 121
(AB1K-039%) AND(EH HME 55 SE01F).CSTK

K T2 I8Y: S518 WY TRl AEGP| o H40 U2 S5iB 3 202 XRIste WA

7
= S5MA XMelE 12149 Sof 2|AES LT} HO[HA Hidl A0 [t Ot 7|IES
Eliz S/A/B/C/D 822 =7

(551 88 27 7ID)
B
S Ljmp Ao AN 0| UM, Lot S AtHol| 2Ee SH0| s
A Lot o) AN 0] o, Lot S 9 HE 79240 £J0] US
B LII} elof &]-ZHE% 0] O Lot HhAo) S8/X80] 7Isdt 71&
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2023\ ZHE WA ReD I E6] M EA - LI H0I2{A(Nipah virus)
Iz 287 7IE
- AME E5| 2|AE F LI} HIO[2A #iA E £5{ 71e0| siY5kE S/A/BE £51 28101 Lol
o 2% 7122 EU= 7| £ oIz
MM 5] 7l 28 71D
=25 =5 ARS NRER

1.1.1. (1.1.1-a) SudI(At=3p

1MITHEEA KEA) (1.1.1-b) AliA(EES)
(1.1.2-a) Or=te|eiXM(subunit)
(1.1.2-b) HIO|ZHASAIRQUXIHAI(VLPs)

1.1.2. (1.1.2-c) HEIO|=E M (peptide)

1.1, BA ZSHE | 2MICHEEN 22 (1.1.2-d) EA0(=H4(toxoid)

(1.1.2-e) TiFEA(Polysaccharide)
(1.1.2-f) CHEHESHEIM(Conjugate)

113 (1.1.3-a) DNAEHAI

. (1.1.3-b) mRNAEHAI

SMICH(R AL wiAD) (1.1.3-0) HIO[RIASE A
(1.2.1-a) ZRF MUK Mammalian cell culture)

121, (1.2.1-b) E=MEHHK(Insectcellculture)

M HHo¥cell culture) (1.2.1-c) 2iH|2|0tM|IZL ¥ Bacterialcellculture)
(1.2.1-d) E2M|ZHIK(Yeastcellculture)
(1.2.1-e) AMSMZHIH(Plantcellculture)

1. ;—':*:' 120 w9 H (1.2.2-a) ik 2e(Large-scale fermentation)
= (1.2.2-b) HEUZIERK|(Proteinpurification)

1.2, M HE Ts

(Fermentation and
purification)

(1.2.2-c) HIO|2{AMH|(Viruspurification)
(1.2.2-d) O]M=X™H(Microbialpurification)

1.2.3. RUX}t HZF
(genetic
recombination)

(1.2.3-a) {TX E2Y(Gene cloning)
(1.2.3-b) STXLSH(Geneexpression)
(1.2.3-c) RUXHE(Geneediting)
(1.2.3-d) SEAE(Genedelivery)

1.2.4.
AFA 014
(synthesis or
conjugation)

2 or

(1.2.4-a) HEI=
(124_b) ﬁH HoO
(1.2.4-c) SHEEIAZI|0|M(Proteinconjugation)
(1.2.4-d) &HEHEZAZI0[M

|_—|EI_'IT

&(Peptide synthesis)

MEHS(Nucleicacidsynthesis)
H
aH

(Carrierproteinconjugation)

1.2.5. 7Bt HX71&

1.3.

wa =

r=
oy A
N

o

1.3.7. HHAL M AJAE
(Vaccine delivery
system)

(1.3.1-a) OISt 2 XJEA

(Microencapsulation and liposomes)
(1.3.1-b) LI=XKNanoparticles)
(1.3.1-c) REAHELAIAR(GeneDeliverySystems)
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H=2: =25 AER NEES
(1.3.1-d) 7[ENEEH, HIRSXYY)
ex. 47 3 A0, AO0|, DIO|HZELIS &
139 plole =7t (1.3.2-a) EX 4H 0[&(ex. Adenovirus vectors,
7|*(imr?1;n;o °° Adeno-associated virus vectors)
ref e (1.3.2-b) E2(Adjuvants)
enthcement) (1.3.2-¢) HYLEHIAI(Immunostimulatoryagents)
(1.3.2-d) 7|Et
1.4. 7IEP =
2.1, MEA ot
2.2, oA X|=H|
2.3. M X|ZH|
B E 2.4, ST X=X
/IE |25 mEOIS 2R
2.6. X2 i
2.7. XN2g 9=7|7|
2.8. 7t X@27lE
3.1 e [ (HYTH, EXEE 5)
. e
I1s 3.2. B (x ray, CT & g&717| 0I8)
3.3. 7|Et TIE (HSA W o A oieh Hg DE2X]-)
. 7B Vs
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family

7
No. A walo| my seS gy sEvs  SsY
HENDRA AND NIPAH VIRUS G
1 | EP | GLYCOPROTEIN IMMUNOGENIC 2017-180615 | 2012-05-14
COMPOSITIONS
Affinity selection of Nipah and
Hendra virus—related vaccine
2 | US | candidates from a complex random 14/081629 2013-11-15| 9549976 | 2017-01-24
peptide library displayed on
bacteriophage virus-like particles
3 | US Henipavirus vaccine 16/471541 2017-12-22| 11524066 | 2022-12-13
Soluble forms of Hendra and Nipah
4 | US virus F glycoprotein and uses 16/055429 2018-08-06 | 10590172 | 2020-03-17
thereof
NIPAH VIRUS IMMUNOGENS AND
5 | US THEIR USE 17/261828 2019-08-05
VACCINES AGAINST NIPAH VIRUS,
6 |US AND METHODS OF USING SAME 17/269409 2019-08-21
7 | US| Zoonotic disease RNA vaccines 17/155592 | 2021-01-22| 11497807 | 2022-11-15
g |cn | Nipah virus receptor binding 2021-10665886 | 2021-06-16 | 113372454 | 2023-01-17
glycoprotein and application thereof
luble F f H Nipah
g | g | Soluble Forms of Hendra and Nipa 17/161720 | 2021-01-29
Virus G Glycoprotein
Nipah vi | I i
10 | yg | 'ViPan virus envelope glycoprotein 16/094636 | 2017-04-20 | 11608509 | 2023-03-21
pseudotyped lentivirus
Tunable vaccine platform against
11 | US| pathogens of the paramyxovirus 15/776703 2016-11-16 10780158 | 2020-09-22




No. A w0l 2y s3  swds  swWy ssWs  s=y
VIRUS-LIKE PARTICLES AND USES
12 | US THEREOF A 17/441588 2020-03-20
COMPOSITIONS COMPRISING
SELF-ASSEMBLING VACCINES
13 | EP AND METHODS OF USING THE A 2021-761505 | 2021-02-26
SAME
Hendra 2! Nipah H{O|2{A 2SS
14 | KR (st sAl A 10-2023-7008241 | 2018-12-18
METHOD FOR PRODUCING
SELF-ASSEMBLING
15 | EP PARAMYXOVIRAL B 2017-729091 | 2017-06-06 | 3464330 | 2022-08-03
NUCLEOCAPSID-LIKE PARTICLES
AND THEIR USES
16 | KR st J(HE Ag) uhA B | 10-2022-7046214 | 2021-05-27
METHOD OF ASSEMBLYING
17 | EP | TWO-COMPONENT VIRUS-LIKE B 2021-821883 | 2021-06-09
PARTICLE
USoE HEAY RO UASIIE Qet
SIAE AHI-ZO 9l ZE2|(A) MB =
18 | KR =a(0(Q (0|4 ABE T B | 10-2014-7025616 | 2013-02-15 | 10-2003096 | 2019-07-17
Dote st
Vaccine prepared utilizing human
19 | US _ _ B 14/655417 2013-12-25| 9695444 | 2017-07-04
parainfluenza virus type 2 vector
20 | EP NUCLEIC ACID VACCINES B 2021-191353 | 2015-04-23
BA MO MEiX A TS fI6t
21 | JP O{RHE| 7|Bt0] HEZHI0|HA HIE{A B 2020-524194 | 2018-10-26| 7237960 |2023-03-03
22 | KR 3 oy B | 10-2021-7014822 | 2019-10-16
Methods for Introducing Mutations
That Alter the Probability of
23 | US | Intranucleic Acid Base Pairing of a| B 17/075690 2020-10-20
Conserved Structured Nucleotide
and Related Compositions
24 | US | VIRUS-LIKE PARTICLE VACCINES | B 17/588008 2022-01-28
25 | JP o8 BXH| B 2019-162865 | 2019-09-06| 7181847 |2022-11-22
P i irus=lik icl
26 | g | aramyxovirus virusTiike particles as| - 15/383324 | 2016-12-19 | 10316295 | 2019-06-11

protein delivery vehicles
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Eol M2 2 - I} HI0I2A(Nipah virus) -

No. A welol B2 s3 smss  suy sswWs  ssg
RESPIRATORY SYNCYTIAL VIRUS
27 | US EXPRESSION VECTORS C 13/444338 2012-04-11
Human monoclonal antibodies
28 | US . ) ) C 14/026142 2013-09-13| 8858938 |2014-10-14
against Hendra and Nipah viruses
Immunization with rabies virus
29 | US| vector expressing foreign protein C 14/430441 2013-09-24 | 9889192 |2018-02-13
antigen
Reverse genetics of negative-strand
30 | US ) ) C 14/591459 2015-01-07 | 9682136 |2017-06-20
RNA viruses in yeast
ANTIBODIES AGAINST F
31 | EP | GLYCOPROTEIN OF HENDRA AND| C 2015-740243  |2015-01-23| 3096789 | 2020-10-28
NIPAH VIRUSES
32 | KR K| DI2HHI0[2A C 110-2021-7031087 | 2015-04-16 | 10-2392649 | 2022-04-26
INHIBITORS OF FUSION BETWEEN
VIRAL AND CELL MEMBRANES AS
1 7 2015-05-07
331 U8 WELL AS COMPOSITIONS AND ¢ /33079 015-05-0
METHODS OF USING THEM
PEPTIDES INCLUDING A BINDING
DOMAIN OF THE VIRAL
34 | EP | PHOSPHOPROTEIN(P) SUBUNIT C 2015-738909  |2015-07-17| 3169701 |2020-06-10
TO THE VIRAL RNA FREE
NUCLEOPROTEIN(NO)
35 | US Combination vaccine C 15/048561 2016-02-19| 10588959 | 2020-03-17
Hendra virus recombinant
36 | US o C 15/233013 2016-08-10| 10350287 | 2019-07-16
compositions and uses thereof
37 | KR RNA EX} ZMZ29| XM= did C |10-2018-7020982 | 2016-12-22
Recombinant Poxviral Vectors
38 | US | Expressing both Rabies and OX40 | C 15/410588 2017-01-19
Proteins, and Vaccines Made Therefrom
Adj iti |
39 | yg | Aduvent compositions and related | | o eeee | 9017-03-23 | 10265395 | 2019-04-23
methods
40 | US HEV vaccine C 16/302891 2017-05-24 10512685 | 2019-12-24
41 | KR A7) A U s C |10-2020-7027606 | 2019-02-28
Monoclonal antibody against Nipah
42 | CN | virus envelope glycoprotein, and C | 2019-10369352 |2019-05-05]|110028579|2020-12-18
application thereof

28



. el E6l S&
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No. . 2o A sa SHHs =3 SEHS SEY
FUSOSOME COMPOSITIONS AND
43 | EP USES THEREOF C 2019-753491 | 2019-07-09
COMPOSITIONS COMPRISING
44 | US | SELF-ASSEMBLING VACCINES AND | C 17/417096 2019-12-23
METHODS OF USING THE SAME
Universal vaccines against immunogens
45 | us | O pahogenic organisms that provide || 67006 9020-01-08| 11471523 | 2022-10-18
organism-specific and cross—group
protection
4 R HIHIOIEA G oa Sopel C | 10-2020-000 2020-0 0= 2021-06-0
6 | K ciZ2 s 2 0jo| 8% 1 6675 1-17 | 10-2264873 1-06-08
Vaccine vector capable of efficiently
inducing body humoral immune
47 | CN . C | 2020-10219186 |2020-03-25
response as well as preparation method
and application of vaccine vector
48 | KR | HES0| 8= TEE et 1A £ M| C | 10-2022-7003309 | 2020-06-25
49 | US | Parainfluenza virus 5 based vaccines| C 16/989038 2020-08-10| 11542527 | 2023-01-03
USE OF MEMBRANE INHIBITORS
TO ENHANCE VACCINE
17/774632 2020-11-
50 | US DEVELOPMENT AGAINST ¢ /77463 020 06
ENVELOPED VIRUSES
51 | JP | aiAE MSEH| st XA e X | C 2022-537725 | 2020-12-18
SUBUNIT VACCINE DELIVERY
PLATFORM FOR ROBUST
52 | US HUMORAL AND CELLULAR C 17/139280 2020-12-31
IMMUNE RESPONSES
RECOMBINANT VIRUSES, INSECT
53 | EP | CELLS AND THEIR USES IN VIRAL| C 2021-774369 | 2021-03-22
DETECTION AND VACCINATION
A NANO-ENABLED VACCINATION
APPROACH FOR CORONAVIRUS
41U 1 pisease(covip-19) AND OTHER | © 17/N9734 20210419
VIRAL DISEASES
ANTI-NIPAH VIRUS MONOCLONAL
ANTIBODY HAVIN
55 | EP 0 G C 2021-846832 | 2021-06-26

NEUTRALIZATION ACTIVITY AND
APPLICATION
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2 A ReD W S5 M 24 - LI HIOIZA(Nipah virus) -

—@> 20234 MF Z

ANTI-HENIPAVIRUS

MONOCLONAL ANTIBODY HAVING

BROAD SPECTRUM C 2021-845669 | 2021-06-27

NEUTRALIZATION ACTIVITY AND
USE THEREOF

HHA|

A HASZH 12| 0l dot=
57 | KR a1 ARBHe C | 10-2023-7003708 | 2021-07-07

od

5 | EP

METHODS OF BLOCKING ASFV
INFECTION THROUGH C 17/535545 2021-11-24

%8 | US INTERRUPTION OF CELLULAR AND
VIRAL RECEPTOR INTERACTIONS

RNA-BASED ADJUVANT TO
ENHANCE THE IMMUNE C 17/820623 | 2022-08-18

59 | LS RESPONSE TO VACCINES AND
THERAPEUTICS
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3% 1% %% 3%
JP 1
CN 5
US 37
DE 7
FR 4
GB 2
NL 1
T™W 1
A 59

(Umt Ho[2{A Wil 2E SO ZME E2 )

< O
3) =5 =RE/FL S

=X e S/A/B/C S5 531 8l0iM =2 S72I2 0|=29] Curevac AG7t 67192 71 0|
ZRol¥CM, The Henry M. Jackson Foundation for the Advancement of Military
Medicine, Inc.7t 574, Centre National de la Recherche Scientifique(C.N.R.S.)7} 474,
Zoetis Service LLC, THE WISTAR INSTITUTE OF ANATOMY AND BIOLOGY, Institut
National de la Santé et de la Recherche Médicale, Georgia State University Research
Foundation, Inc., Cornell UNIVERSITY, Academy of Military Medical Sciences, PLAO|IA]

2} 3E EHolUE

FQ Z3Q & The Henry M. Jackson Foundation for the Advancement of Military
Medicine, Inc. & HEE0| -7 [H0|URH, S2Q BMS Soff IfAxl= LI} Ho|HA £
AL} O|RX| L Q= 7|¥E Curevac AG, Zoetis Service LLC, ModernaTX, Inc. Intervet Inc.

M 71EL=E 2RlE
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A S Bl SMCA
LI} HiO[2{A B4 = LT} HIO[2A B o= 80 * LIT} HIO|24A HHA J]=2NM,
7tstt 23(S/A/B S8 g 02 71EN EYO| e FBU(S/A S8
257 144
lia] £5 M UE 142(SE 94, Ag 57)
1 HENDRA AND NIPAH VIRUS G GLYCOPROTEIN IMMUNOGENIC COMPOSITIONS
=oIHS EP 3251692 A1 (2017.12.06) EATEA
Tt . . -
(=2x)
Zoetis Services LLC(US), HENRY M.
_ _ Eyahl JACKSON FOUNDATION FOR THE
Z2MS | 2017-180615 (2012.05.14 ==
=Ees 0 0 (2012.05.:14) (=ZH) ADVANCEMENT OF MILITARY
MEDICINE, INC.(US)
Mg S5 o ] =572t _
(EPOQ| S5 23N WHE) (Sl =T
KR us EP JP CN
Uz 2=}
R 20 o ==
=7t 5 (IPS=7VIE) | »m | my) ((;II; =2 | AAE
S S A=t 1.1.2-a
Immunogenic compositions directed against Hendra and/or Nipah viruses, and methods of
00 its use, are provided. In addition, methods of distinguishing subjects vaccinated with the
= immunogenic compositions of the invention from those infected with Hendra and/or Nipah
virus are provided.
1. A vaccine comprising:
a. a soluble fragment of the Nipah virus G glycoprotein, said fragment consisting of amino
acids 71 to 602 of SEQ ID NO: 4 or a sequence at least 95% identical thereto;
b. an immunostimulatory complex (ISC), said ISC comprising a saponin; a phospholipid
FQMASE selected from the group consisting of phosphatidyl choline (PC), dipalmitoyl phosphatidyl
choline (DPPC), phosphatidic acid (phosphatidate) (PA), phosphatidylethanolamine (PE),
phosphatidylserine (PS), phosphatidylinositol (PIl), phosphatidylinositol phosphate (PIP),
phosphatidylinositol  bisphosphate  (PIP2), phosphatidylinositol  triphosphate  (PIP3),
phosphorylcholine  (SPH), ceramide phosphorylethanolamine (Cer-PE) and ceramide
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phosphorylglycerol; and cholesterol; and
C. one or more excipients;
for use in prevention of an infection caused by Hendra and/or Nipah virus in a_horse or

a pig, wherein said vaccine is administered to said horse or said pig in a first dose and
a second dose, wherein each of said doses comprises 50-100 ug of said soluble fragment
of the Nipah virus G glycoprotein.

* 2 Sof= HI=2) H0[2A(HeV) Z/5= Lin} HIO[ZANIV)ZEE R2iE G GHHES Talk= HARY
3 HA ZHS0| et AY

« B0 FHEHCZ, 2 561 LE2 HeV /EE Nivel G TR0 EXK|(adjuvant)ZA % HARY
2=&A|(immunostimulatory complex: ISC)E Z&lotH HAA|Q| 2AIZ0| ZHALHAE HABLSO|
JHME EiIMES HES = USS LS 0|20

« 7812, a) MEHS 4 (SEQ ID NO: 4)9] 71~6028 OF|:cAMO 2 ME= 7k LT} HO A
G YHEE b) £8 579 HIAXNSEFHM(SCE E&lots L E= =HRI0) Cifst =2t 3/E= Lt
0:||l:cl_>r I_| XA-IE'Q J‘H__I.!.érl OIQ

|:|0|I

s ue | Y71 FER4 a)0liM MBS 4= LDt Bo[2A G FHEEC| 0|t MERIH, = S5{0iM= 1
- S 71~6028 ME E= 0|2 95% Oy dSds de NS El=z 0|88
* &7] T84 b)0iIA ISCe 01 #HECE EF50| U=H i) saponin, ii) phosphatidyl choline
(PC), dipalmitoyl phosphatidyl choline (DPPC), phosphatidic acid (phosphatidate) (PA),
phosphatidylethanolamine  (PE),  phosphatidylserine  (PS),  phosphatidylinositol ~ (PI),
phosphatidylinositol phosphate (PIP), phosphatidylinositol bisphosphate (PIP2), phosphatidylinositol
triphosphate (PIP3), phosphorylcholine (SPH), ceramide phosphorylethanolamine (Cer-PE)
and ceramide phosphorylglyceroldlA] ME{El= phospholipid, iii) cholesterolg 25 Z&taH0F
* 2 50519 HAGIOIM= HeVOl THet & X! FIYF (african green monkeys) Hie Aled, NiVOf CHet
%’é*TEr(afrlcan green monkeys) Al2iS ZIRSI0] #i SO0 ME A o X [Xf et CI0ES
2OIFD 9IS
LIt BiO[2HA G FHEEO| 00|t ME(OF SEQ ID NO: 4) & 55| 71~602¢H OHd|:=tt MY, =
0[2 95% OlY d=ds #= M
SEQ ID NO: 4
=213> Nipah virus Thr Lys Cys Gln Tyr Ser Lys Pro Glu Asn Cys Arg Leu Ser Met Gly
<400 4 385 390 395 400
Met Pro Ala Glu Asn Lys Lys Val Arg Phe Glu Asn Thr Thr Ser Asp
1 5 10 BB Ile Arg Pro Asn Ser His Tyr Ile Leu Arg Ser Gly Leu Leu Lys Tyr
Lys Gly Lys Ile Pro Ser Lys Val Ile Lys Ser Tyr Tyr Gly Thr Met 105 110 115
20 B 20 Asn Leu Ser Asp Gly Glu Asn Pro Lys Val Val Phe Ile Glu Ile Ser
asp Ile Lys Lys Ile Asn Glu Gly Leu Leu Asp Ser Lys Ile Leu Ser . .
§3|.°I_ EE 420 425 430
Asp Gln Arg Leu Ser Ile Gly Ser Pro Ser Lys Ile Tyr Asp Ser Leu
% 40 4% 43 440 445
Ala Phe Asn Thr Val Ile Ala Leu Leu Gly Ser Ile Val Ile Ile Val Gly Gln Pro Val Phe Tyr Gln Ala Ser Phe Ser Trp Asp Thr Met Ile
0 55 60 450 155 160
Met Asn Ile Met Ile Ile Gln Asn Tyr Thr Arg Ser Thr Asp Asn Gln Lys Phe Gly Asp Val Leu Thr Val Asn Pro Leu Val Val Asn Trp Arg
63 70 75 80
Ala Val Ile Lys Asp Ala Leu Gln Gly Ile Gln Gln Gln Ile Lys Gly
465 470 475 480
85 20 95
Asn Asn Thr Val Ile Ser Arg Pre Gly Gln Ser Gln Cys Pro Arg Phe
Leu Ala Asp Lys Ile Gly Thr Glu Ile Gly Pro Lys Val Ser Leu Ile
100 105 110
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Asp Thr Ser Ser
115
Ser Lys Ile Ser
130
Lys Cys Lys Phe
145

Ser Cys Pro Asn

Gly Val Ser Asn

180

Thr Ser Asn Gln
195

Val Val Gly Gln

210

.

sp Glu Gly Tyr

2
L3
&

Thr Ile Thr Ile Pro Ala
120
Gln Ser Thr Ala Ser Ile
135
Thr Leu Pro Pro Leu Lys
150
Pro Leu Pro Phe Arg Glu

165 170

Leu Val Gly Leu Pro Asn A

185
Ile Leu Lys Pro Lys Leu

200

Ser Gly Thr Cys Ile Thr A

215
Phe Ala Tyr Ser His Leu

230

Asn

Asn

155

Tyr

235

Ile

Glu

140

His

Arg

Tle

Ser

Pro
220

Arg

Gly

125

Asn

Glu

Pro

Cys

Tyr

205

Leu

Leu

Val

Cys

G

=3

Leu

Gly

Leu Gly

Asn Glu

Asn Ile

160
Thr Glu
175

Gln Lys

r Leu Pro

Ala Net

Ser Cys

240

Ser Arg Gly

Val

Ser Lys Gln

245

Asp Arg Gly Asp Glu Val Pro

Pro Pro Asn

Glu Phe Tyr

Leu Asn Ser
305

Val Lys Pro

Leu Arg Ser

Pro Ser Gly
350
Phe Leu Val

370

Asn Thr Cys

Leu Ile Asp
515
Asn Gln Thr

530

Ile Leu Tyr

545

Thr Ile Thr

Leu Val Glu

Phe Ala Val

505

260

Pro

Thr

Lys

Ile

Arg

Pro

Arg

Ala

Arg

Asn

Asn Thr Val

Val Leu Cys

Tyr Trp Ser
310

Ser Asn Gly

325

Glu Lys Gly

Lys Gln Gly

Thr Glu Phe

375

Glu Ile Cys

Ile Asn Trp

Glu Asn Pro

235

Ala Gln Leu
550

Cys Phe Leu
565

Tyr Asp Thr

Arg Ile Ile Gly

250

Ser Leu Phe Met

265

Tyr His Cys Ser #

Lo
@
o

Ala Val Ser Thr

Gly Ser Leu Met
315

Gly Gly Tyr Asn

330
Arg Tyr Asp Lys
345
Asp Thr Leu Tyr
360

Lys Tyr Asn Asp

490
Trp Glu Gly Val
505
Ile Ser Ala Gly
520

Val Phe Thr Val

Ala Ser Glu Asp

Leu Lys Asn Lys

Gly Asp Asn Val

Lys Ile Pro Glu Gln Cys Thr

600

Val

Thr

Val
300

Met

Gln

Val

Phe

Ser

Tyr

Val

Fhe

240

Thr

Ile

Gly

Asn

Thr

His

Met

Pro

363

Asn

Asn

Fhe

525

Lys

Asn

Trp

Arg

Glu

Val

270

Tyr

Asp

Arg

Gln

Pro

350

Ala

Cys

Asp

510

Leu

Asp

Ala

Cys

Pro

500

Val Leu

255

Trp Thr

Asn Asn

Pro Ile

Leu Ala

320

Leu Ala

335

Tyr Gly

Val Gly

Pro Ile

495

Ala Phe

Asp Ser

Asn Glu

Gln Lys

560
Ile Ser
575

Lys Leu
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Affinity selection of Nipah and Hendra virus-related vaccine candidates from a complex
random peptide library displayed on bacteriophage virus-like particles
SARHHE[AL
(@)

NATIONAL TECHNOLOGY & ENGINEERING

US 9549976 B1 (2017.01.24) SOLUTIONS OF SANDIA, LLC(US)

STC.UNM(US),

14/081629 (2013.11.15) SANDIA CORPORATION(US)

on
S

(OphoIEe 2033.11.15

22|27} KR EP JP CN

N

(IP5=27}7|%) -

S

TleeR

1.1.2-b

fo
19

The invention relates to virus-like particles of bacteriophage MS2 (MS2 VLPs) displaying
peptide epitopes or peptide mimics of epitopes of Nipah Virus envelope glycoprotein that
elicit an immune response against Nipah Virus upon vaccination of humans or animals.
Affinity selection on Nipah Virus—neutralizing monoclonal antibodies using random sequence
peptide libraries on MS2 VLPs selected peptides with sequence similarity to peptide
sequences found within the envelope glycoprotein of Nipah itself, thus identifying the
epitopes the antibodies recognize. The selected peptide sequences themselves are not
necessarily identical in all respects to a sequence within Nipah Virus glycoprotein, and
therefore may be referred to as epitope mimics VLPs displaying these epitope mimics can
serve as vaccine. On the other hand, display of the corresponding wild-type sequence
derived from Nipah Virus and corresponding to the epitope mapped by affinity selection,
may also be used as a vaccine.

P
o
4

%

3. A virus-like particle comprising a coat polypeptide of a MS2 or PP7 bacteriophage

wherein said coat polypeptide is modified by insertion of an immunogenic heterologous
peptide of Nipah Virus within the amino acid sequence of said coat polypeptide at a site
corresponding to the A-B loop, wherein said heterologous peptide is displayed on said
VLP and said VLP optionally encapsidates said bacteriophage mRNA, and said coat
polypeptide of said bacteriophage is a single chain dimer comprising an upstream and
downstream subunit, and

wherein said heterologous peptide is selected from the group consisting of SEQ ID NO:
2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ
ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO:
13, SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 19,
SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ
ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID
NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO:
36, SEQ ID NO: 37 or SEQ ID NO: 38.

16. An immunogenic composition comprising a virus—like particle of claim 3.

18. A vaccine composition comprising an immunogenic composition according to claim 16.
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« 2 Eoiz Lo} HIO[HAO CHSH BIH|2| QK| MS2 HIO|2{A AR &XF (VLP) Ei4I0] t*é._ LH
0| MS2 VLPs= LTt HIO|{A0]| Choll S2t &ds 71T 222 XS MQOIOII oHE AlEA HEIO
MS2 VLP 2l0|E22|2RE RSl MEfH(affinity selection)O| Qo SHEIUS
2 So{0iAM MS22| VLP= LTt HIO[HAON R24E OTELS] HAMN HAE |°f AIHEE s 2

Sof MM ZZH0| MEH MS2 H*EHEIQHW Chal PP7 HiE2|QIXE 0|8E £ US

471k 301 7|XH=E VLP= MS2 L= PP7 B2 QUIX|S] TE Z2|HE0|EE Zalist= A,

| ZIE ZS2HE|IE= A-B 22 XtE|01| L|It HIO[2HAS] MR 01F(heterologous)BIEO =Tt

S RU0f tH"45|01 O'OEH 0| OIZ HIEIO|== 47| VLP 40f AZHO0|=|0] AU, 47| LTt HiO[ZHAS)
0|Z HER|EE MEHS(SEQ ID NO) 2~17, 19~28, 30~382 O|F 0TI HO0j|A] MEHE! 4 Ql= oiLt
0442 ’H'EtOIE%!

2 E50AM= MS2 VLPsE ZISt: MEli(affinity selection)dt?| foif LD} HIO[ZAN TSt S5}

g4 7l BERY SHE MESIRIS. Bt FAHECRE, SHESH~1010719 HH) #E BEN|=

(107 209 ofd]iAh) 2t0|E2{2|E ARSI NiV-GOf thet 53t ZLe22Y A0 Z2&5ke MS2

VLPsE ZTlaf MEfel =2 WA (90 BE|E/NVLP)OIM 23], R HRIA(Sf 3 HE|=/VLP)OIA

23| ME = ZF A0 CHSE BEIOIEE —’FE%H'.:HI OlZ2 NiV-G A[EA Aol 2 oY== ZdEO'

=2 YT (90 7HI/VLP)Z O] HEO|EE LiEH= VLPE2 129 229 X =2 2IaHH

(Kd=1-20 nM)Z Ze5I¥2. 1 21t 0*017“ VLPsZ OfRAE HAsGIH LT G-HEtE RAL

SO TG Hio[2ALTE Ho[2A KHIE ChAlghol Qgt Zee Fafcte RVt REEAS

& I_I‘Iu

o J

>O

tO

}OI

|_

oft

oot
rio
oA

o2 MES 2= artificial sequencesOiA MEHE= Lt 0]A9] HEIO|=
<SEQ ID NO 2; PRT> DIGWEGVYQA <SEQ ID NO 19; PRT> GTNQTAENPI
<SEQ 1D NO 3; PRT> LGWEAVYREA <SHQ 1D NO 20; PRT> GANQTAENPL
<SEQ ID NO 4; PRT> GWDGVYQDSP <SEQ ID NO 21; PRT> EANQTADNPI
<8EQ ID NO 5; PRT> IGWDASYNEA <SEQ ID NO 22; PRT> EGNQTGENPL
<SEQ ID NO 6; PRT> DSGWEGVYRQ <SEQ ID NO 23; PRI> GINQTGENPA
<SEQ ID NO 7; PRT> DLAWEGIYGK <SEQ ID NO 24: PRI> 1QQIGENPLG

. WEGIYG <SFQ ID NO 25: PRT> TNQSGENPAS
<SEQ ID NO 8 PRT> DIGWDGVYQA arg D NO 26: PRT> AN%SADQPGK

<SEQ 1D NO 9; PRT> IGWEAVYKET <SFQ ID NO 27, PRT> GANNSADNPI
f.S]_';Q 1D NO 1y Pl{;lj} L.-"‘EWU.'J'{I".I"QE:F <SEQ ID NO 28; PRT> AANRTGENPG
<SEQ ID NO 11, PRT= DVGWDGIFAE <SEQ 1D NO 30; PRT> SATDDTNAQR
<SEQ ID NO 12; PRT> ISFEGIYRQG <SEQ ID NO 31; PRT> AADDTQAQKA
<SEQ 1D NO 13; PRT> ADVAWDGIFA <SEQ ID NO 32: PRT> GDDTNAQRAF

<SEQ [D NO 14; PRT= TSWDAVYREH <8EQ 1D NO 33; PRT= TEDTNAQQGH
<SEQ ID NO 15; PRT> SDVGWEASEA <SEQ ID NO 34; PRT> ADDTNSQRGY
<SEQ D NO 16; PRT= DLSFEAAYQK <SEQ 1D NO 35; PRT= GDESNSOQNGI
<8EQ [D NO 17, PRT> GWEASFARES <SEQ 1D NO 36; PRT= GDETNGQGGW
<SEQ ID NO 37, PRT= PGEESNAQRA
<SEQ 1D NO 238; PRT> AEDSNGRRSL
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3 Soluble forms of Hendra and Nipah virus G glycoprotein
Siral The Henry M. Jackson Foundation for the
2585 | US 10053495 B2 (2018.08.21) | —_ = Advancement of Military Medicine, Inc.
(=)
(Us)
Zo00] THE HENRY M. JACKSON FOUNDATION
EYHS 15/395418 (2016.12.30) Z;')_ FOR THE ADVANCEMENT OF MILITARY
o MEDICINE, INC.(US)
AEINEE S ==l 2025.07.07
=7t 5 (IP5=717|8) - == == - _
sgma | S IEES 1.1.2-a
This invention relates to soluble forms of G glycoprotein from Hendra and Nipah virus. In
particular, this invention relates to compositions comprising soluble forms of G glycoprotein
oot from Hendra and Nipah virus and also to diagnostic and therapeutic methods using the
- soluble forms of G glycoprotein from Hendra and Nipah virus. Further, the invention relates
to therapeutic antibodies including neutralizing antibodies, and vaccines for the prevention and
treatment of infection by Hendra and Nipah viruses.
1. An isolated oligomeric peptide wherein the monomers of the oligomeric peptide consist of
the ectodomain of the Nipah virus G protein with an amino acid sequence of SEQ ID NO:
zezmy | -
10. A method of preventing infection by a Nipah virus in a subject comprising administering
to said subject an immunologically effective amount of the isolated oligomeric peptide
according to claim 1.
+ 2 £5{= =2k (Hendra) 2 LITK(Nipah) HIO|ZAZREQ| G YTHEEO| 7H24 SHE0f 25t A2 =,
G AMolE 471 7188 HEiE Zalols A= H 7] 7184 YHIE AEohe T, Xz WEo|
et A
« 7Y 12, 2200 HEO|ES 2M7t SEQ ID NO: 179] O|ledt MBS Zh= LI HIO[2A G
Elemio] QEEHIOR TS B2IE 22|Tn HEOIEY
« E5] BMIN 7|XH0f TEH, F5e| shal 2401 SEQ ID NO: 17= =& “Harcourt B H et al.,
Virology 271: 334-349, 2000”0 +=2= NiV G glycoprotein Of0|l=At AMEO| 71~602FH 00| At
5l W& Mo siEe. 2 Eoj= S S5l 712MHeV G(Hendra virus G glycoprotein)= HeV & NivV

4 M| 29 HIOHA-S3t LIEE X S REEE 2RI6INE

£ E56{9] HA0]l 50M= sGs-agllgk leader-5-peptide—s HeVG)0| Vero MIZO| M0[Q)= H
Zo| O)Xl= F2oll Cist Ade XGIACH, 1 At sGs-ng 100ug/mlQ] EXGIOIAL L2
M7} 05| ZXHIXI2E syncytia SAS HeV & NiV-ZE M 2E0jA 2H6] XIS
2 E512] A 60IM= ETNIE HHIE sGs-we2E EEARI 2, e ¥ 2HE FE-HeV G
HeV 3 NiVO| CHet HIO|HA S3F ZHE0A AR, 1 2t = E7|9] E32 1:1280 3
HeVE, 1:640 SAM0IM NIVE 25| StAEe &RI6IA=

tol=

D\l
Q
o rt >

2

1
o
mo 0

for

XS]

_Oi
Q0

ol QO
U

=

o

>
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[HeV U Nivel HMY sizt 714t syncytia 24]]
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oz

2 5512 F7e 0= o MEE 2=

SEQ ID NO: 170] L{Tt HIO|A G HHHEO| AECHQI MHZ

HAIEO Q2. 0] MEE “Harcourt B H et al., Virology 271: 334-349, 200070 $2& NiV G
glycoprotein OtO|'=At MEO| 71~6028 OF|L-At B0 SHEE

<210>
<211>

<212> TYPE:

<213>

<400>

Gln Asn Tyr Thr

1

Leu Gln

Glu

Ile
50

Thr Ala
&5

Fro Fro
Phe

Leu

Pro
130

Lye

Thr
145

cya
Tyr
Gln

Arg

Ser

ely

Ile
35

Pro

Ser

Leu

arg

Fro

115

Lys

val

SEQ ID NO 17

LENGTH :
PE

532
PRT

ORGANISM: Nipah virus

SEQUENCE: 17

Arg Ser Thr

5

Ile
20

Gln Gln Gln

Pro

val

Gly Lys

Ala Asn

e Aon Glu

Ile
EH

Lys

Glu T
100

Tle

Ile ser

Leu

TYyE
138
Thr

Asp Pro L

150

4 Glu

Arg Ile

Ile
180

Gly val

Pha Mat Thr

val
230

ser

Met

Gln

Hie

wal Met

Asp Asn Gln Ala Val Ile Lys Asp

10 15

Ala

Lys Gly Leu Ala Asp Lys
25 30

Ile Gly

Ser Leu Ile Asp Thr Ser
40 45

Ser Thr Ile

Leu Ser Lys Ile Gln

60

ser Ser

lu Lys Cys Lys Phe Thr Leu
75 80
Ser Pro

Cys

Pro
95

Asn

Val Ser Asm wal

110

Leu

Thr

Asn G@ln Ile

125

Leu

Thr

Leu

val val Gly
140

cln

Leu Ala Met Aap Glu

155

Glu Val Leu Asp Arg Gly Asp Glu Val
185 120
Val
200
Asn Glu Phe Tyr Tyr Val Leu
220
Ren ger Thr Tyr Trp
215 240
Val Lys Pro Lys Ser Asn
255
Gln Leu Ala Leu Arg Ser Ile Glu Lys
265 270
Pro Tyr Gly Pro
280

Gly Asp Thr

290

Phe Lys
305

Glu A

Cys

325

Lys Pro

Tyr Ile Leu Arg Ser

340

: Val v

Gln Ala
385

Ser

Thr Val Leu

405

Gln
420

Bro Ser

cys

Trp

Ile
450

Trp

Val Phe

Ser Glu Asp

485

Ash
s00

Leu

Glu

Fhe

arg

Gly

Leu

Leu

Ile

1le Ty:

Trp
390

Vval

Gln

val

1 Phe

470

Thr

Ile

cye

Asn

Phe
455

Lys 2

Arg

Ala

Ser

Leu

Glu

360

As=p

Asn T

Ero

Asp
440

Leu

Met

Lys
345

Ile

Met Tle

Brg
4z5

Ala Phe

Gln

Lys
190

Leu

Tyr A

Ser 7

¢ Fhe

Thr
315

Asn

Leu

lu Ile
475

Phe

Leu
300

val Arg Thr Glu

Pro Asn

Lew Ser Asp Glu

380

Gln Arg

365

Leu Ser

&ln
380

FPhe 1

Val

Pro

Phe

Asn Thr

Thr

Ile

Ron

Gln T
460

@lu Ben

Leu

r Rsn

val Glu Ile Tyr

510

nop

2la Val Lys Ile Pro
525
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Henipavirus vaccine
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The present invention is directed to an artificial nucleic acid and to polypeptides suitable for
use in treatment or prophylaxis of an infection with Henipavirus, particularly Hendra virus
and/or Nipah virus or a disorder related to such an infection. In particular, the present
invention concerns a Hendra virus and/or Nipah virus vaccine. The present invention is
directed to an artificial nucleic acid, polypeptides, compositions and vaccines comprising the
artificial nucleic acid or the polypeptides. The invention further concerns a method of treating
or preventing a disorder or a disease, first and second medical uses of the artificial nucleic
acid, polypeptides, compositions and vaccines. Further, the invention is directed to a kit,
particularly to a kit of parts, comprising the artificial nucleic acid, polypeptides, compositions
and vaccines.
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1. A method of treating or preventing a disorder, wherein the method comprises applying or
administering to a subject in need thereof an effective amount of a composition comprising

a RNA comprising at least one coding sequence encoding a Nipah virus fusion protein F:
(a) at least about 95% identical to the sequence of SEQ ID NO: 1 and wherein the Nipah
virus fusion protein F is encoded by a RNA coding sequence at least about 95% identical
to SEQ ID NO: 53; or
(b) at least about 95% identical to the sequence of SEQ ID NO: 573 and wherein the Nipah
virus fusion protein F is encoded by a RNA coding sequence at least about 95% identical
to SEQ ID NO: 625.
2. The method according to claim 1, wherein the at least one coding sequence encodes a
Nipah virus fusion protein F at least about 95% identical to the sequence of SEQ ID NO: 573.
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(b) SEQ ID NO: 5739 MEt of 95% Ol H4EEE #=0
g HutA F= SEQ ID NO: 62562+ 2f 95% Ol 4582 A=
7

de

« AHEOZ SEQ ID NO: 12 NCBI accession No. AAK50553.1
AE0|H, Ol= SEQ ID NO: 538 Z= HEE(modified) SIS0

A Ol
T MO

&, SEQ ID NO: 5732 SEQ ID NO: 19 M5 2674
(F(26-546)(FdelSS)), Ol= SEQ ID NO: 6252 =
CDSopt)0fl ofsff FLE 4 US

tOlett MEZAM, 037141 LYIf
RNA 25 XS0 oflf 2

= U=

a
12 2= 8 BN FO ofjitt
2

i & 29| C opt1)0f| Qs 2E=E

OH|tedt MEO| ZOE OtO|=tt ME=A
HSE(modified) aAMEOR B 2B C

TABLE 2

List of Nipah wims antigens:

¥ B C D E F (=} H I
MName Accession Moo Protein  CIDS wt  optl opt2 opt3 optd optS opta opt?
e AAKS0D553.1 1 27 Bl 79 105 131 157 183 209
F AFZO1388.1 2 28 54 B0 Tins 132 158 184 210
¥ AAYA3T]1S51 3 29 55 B1 107 133 159 185 211
F CAF25496.1 < 30 Sa 22 108 1354 160 186 212
F AAMI 34051 5 31 57 B3 109 135 161 187 213

TABLE 2B
List of truncated Nipah virus antigens and Signal-peptide fusion proteins:
A B C D E F G H )
Name Protein CDSwt CDS optl CDSopt2 (DS opt3 CDS optd  CDS optS  CDS opté CDS opt?

F(27-546) (FdelSS) 573 599 625 651 677 703 29 755 781
F(27-346) (FdelSS) 574 600 626 632 678 T04 730 756 782
F(27-546) (FdelSS) 575 601 627 653 679 705 73 757 783
F(27-546) (FdelSS) 576 602 628 654 680 T06 732 758 T84
F(27-546) (FdelSS) 577 603 629 655 681 707 733 759 785
F(27-546) (FdelSS) 578 604 630 656 682 708 134 760 786
BT S4& EAalCCy 70 ANS Ll ART A2 T T8 T8 w7

* = 5612 HAG] JOfiAf OF2 Et 22 mRNA F27} ARBEIACH, LT} BO[2{A F HiEs FH0k=
A

MRNAS| OIQA BIS{ £1S Wt BIAES 512G

0

[E 7] 200 AF2El mRNA L=

o 15 L st s E T
[FIG. 1] Lot BIO|2A F HHE(RE311)S ZEok= mRNAY OIRA0M Tl & £3 Aty HY
oo St
5128 grag Ler
TABLE 7
mRNA constructs used in the Example section:
SEQ
ID NO: 25001
Name Protein mRNA
e®
NIPAV(Malaysia) 1 SEQ ID NO: 1353 “‘.‘
mRNA design 2; optl 20004
NIPAV(Malaysia) 12 SEQ ID NO: 1364 *
mRNA design 2; optl ®
NIPAV(Bangladesh2004) 3 SEQ ID NO: 1355
mRNA design 2; optl o
NIPAV(Bangladesh2004) 13 SEQ ID NO: 1365 F 15004 (Soe,
mRNA design 2; optl Iy b4
HeV(Horse-Autralia-Hendra-1994)-F & SEQ ID NO: 1360 '
mRNA design 2; optl Iy °
HeV{(Horse-Autralia-Hendra-1994)-G 19 SEQ ID NO: 1371 s 10004
mRNA design 2: optl o
IgE-leader(GC)__HeV({Horse-Autralia- 825 SEQ ID NO: 1397
Hendra-1994)-G(71-604) mRNA design 2: optl
IgE-leader  Nipha(Bangladesh2004)-F 809 SEQ ID NO: 1381
mRNA design 2; optl 5004
SP-Influenza- 1043 SEQ ID NO: 1407 LA EX! I U R TEPERCIPESPEPT s LR o
HA_ Nipha{Bangladesh2004)-F mRNA design 2; optl
SP-Osteonectin 1513 SEQ ID NO: 1543
BM40_ Nipha(Bangladesh2004)-F mRNA design 2; aptl 0 Y . .
SP-HsChemo- 1514 SEQ ID NO: 1544 21 35 56 21 35 56
tripsinogen_ Nipha(Bangladesh2004) mRNA design 2; optl
SP-Nipha(Malaysial999)-F(1- 1515 SEQ ID NO: 1545 R6311, 80ug, i.d. Rila buffer

26)__Nipha(Bangladesh2004)-F(27-546) mRNA design 2: optl
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20234 MZE 2ioi HHAI RED U E5] M2 M - LI} HI0IMA(Nipah virus) -
. o [
Of2ff SEQ ID NO: 1 5731 95% Ol HzdE = ottt ME
i Al MEES 717 : 2l 251 o) O|AF AFEAMS ZH= 3] ool ol ©
(3l OOl MBSS Zi2t SEQ ID NO: 53 L 6251} 95% O} AIEAS 2= siat A0 Ol 0lag
L =0 3l At AHZFS
E= ASQ. 53¢ & 625 M MI2 X|H Tl WS
<218 SEQ ID KO 1
<2115 LENGTH: 546 <218> 580 ID N0 573
<2125 TVPE: AT <211> LENGTH: 528
zig: E%ﬁﬂ: Artificial Sequence 2175 TVRE: FRT
<1235 OTHER TNFORMUTION: deriued and/or modified provein sequence (wt) from Migah <213» CREMNISH: Artificial sequence
henipauirus_AMK5553_F <228 FEATIRE:
408> SEQUENCE: 1 223> OTHER INFORMATION: derived and/or modified protein sequence (wt) from ipsh
Mex Vzl Val Ile Leu dsp Lys Arg Cys Tyr Cys Azn Leu Leu Ile Leu henipavirus, MBS, F(27-545) (FeeL)
1 5 18 = =
Tle Le Mes Tle Ser Gly Cys Ser Val Gly e Lew His Tyr Glu Lys <408y SEQUENCE: 573
) 25 Ile Leu His Tyr Glu Lys Leu Ser Lys Ile Gly Leu Val Lys aly Val
Leu Ser ;,;; Ile Bly Leu Vil z; &ly Val The Arg L;Sf; Tyr Lys Ile 1 " 5
Lys Ser fsn Pro Lew Tnr Lys Asp Ile Val Ile Lys Mes Tle Pro Asn Thr irg Lys Ty L55 Tle Ly ser Azn Pro Lay Thr Lys Asp Ile Vel
5 55 ) 2 P »
Val Ser Asn Met Ser Gln Cys Thr Gly Ser Val Met Glu Asn Tyr Lys I Lys et Ile Pro Asn Val Ser Asn Met Ser 6l Cys Thr Gly Ser
65 7 75 F 5 2 =
Thr Arg Leu Asn Gly Tle Leu Thr Pro Ile Lys Gly Als Leu Glu Ile . !
8 % 95 Val Met Glu Asn Tyr Lys The Arg Leu Asn Gly Ile Leu The Pro Ile
Tyr Lys Asn Asn The Fis Asp Leu Val Gly Asp Val Arg Leu Alz Gly = 5 &
Lag 1o 1% Lys @ly Ala Leu €lu Ile Tyr Lys Asn Asn Th His Asp Leu val ly
Val Ils Mee Als Gly Val Ala Ils Gly Ils Als The Als Als Gln Ile = - - =
115 128 125
Thr nh Gly Vsl Az Leu Tyr Glu Ala Met Lys Asn Alz Asp Asn Tle Asp val drg Leu Ala gly Val Ile bet Ali Gly val Ala Ile gly Ile
135 148 & %5
:11;; Lyx Leu Lys Ser m Ile Glu Ser Thr a;;; &lu Als Val Val ;z Ala Thr ala ala ln Tle Thr Alz dly val Al Leu Tyr clu ls et
Lew Gla Glu Thr Alz Glu Lys The Vsl Tyr Vl Leu The Als Lew Gln 1ee 5 118
165 178 175 Lys Asn Ala Asp den Tle Azn Lys Leu Lys Ser Ser [le Glu Ser Thr
Asp Tyr Ile .:;; Thr Asn Leu Val ;;; The Ile Asp Lys i;; Ser Oy 15 Iy 125
Lys Gln Thr Glu Leu Ser Les Asp Lew Ala Lew Ser Lys Tyr Le Ser Asn Glu Ala Vel Vel Lys Leu Gln 6lu The Ala Blu Lys Thr val Ty
185 265 13 135 148
Asp Leu Leu Fhe Val Fhe Gly Fro Asn Leu Gln Asp Pro Val Ser Asn Val Leu Thr Ala Leu Gln Asp Tyr Ile Asn Thr dsn Leu Val Pro Thr
Ser Het The Ile Gln Als Tle Sar Gln Alz Ph él Gly Asn Tyr G s bt = 1
" r Ile Gln Als Tle Ser Gln Als Phe Gly Gly Asn Tyr Glu
Ile Asp Lys Ile Ser Cys Lys GIn Thr Glu Leu Ser Leu Asp Leu Ala
25 235 248
The Lew Leu Arg The Leu Bly Tyr Ala Thr Glu Asp Phe Asp Asp Leu 165 178 bri]
5 58 235 Leu Ser Lys Tyr Leu Ser Azp Leu Leu Phe Val phe Gly Pro Asn Leu
Leu Glu Ser Asp Ser Ile Thr &ly Gln Ile Ile Tyr Val Asp Leu Ser e 15 1%
m
=15 Ser Tyr Tyr Ile Tle Val Arg Val Tyr Fhe Fro Tle Lew Thr Glu Tle Gln Asp Pro Yzl Ser Azn Ser det The Ila Gln Ala Te ser 6ln Ala
St Me 10 285 195 ) b
Gln Gln Ala Tyr Tle Gln lu Leu Leu Pro Vsl Ser Phe Asn Asn Asp phe aly Gly Asn Tyr &lu The Ley Leu Arg The Leu @ly Tyr la The
e 255 38
Bsn Ser Glu Trp Tle Ser Ile Val Pro dsn Phe Ile Leu Val Ang Asn 210 a0 7.
385 315 3% Glu Asp Phe Asp Asp Leu Leu Glu Ser Asp Ser Ile Thr Gly Gln Ile
Thr Leu Tle Sar fsn Tle Glu Ile Gly Fhe Cys Leu Ile Thr Lys Arg 25 38 35 18
325 338 335 c o c
Ser Vzl Tle Cys fen Gln Asp Tyr Ala The Pro Mt The den Asn et I BN ENE= T SR TRELAGTE ;-;; e
EL) 5 358
Arg Glu Cys Leu Thr &ly Ser Thr Glu Lys Cys Pro Arg Glu Leu Val Pro Ile Leu Thr &lu Ile Gln Gln Ala Tyr Ile &ln Glu Leu Leu Pro
355 358 345 %0 %5 )
Val Ser Ser His Val Pro Arg Phe Ala Leu Ser Asn Gly Val Leu Phe
£ B ) Vel Ser Phe Asn Asn Asp Asn Ser &lu Trp Ile Ser Ile Val Pro Asn
Al Asn Cys Ile Ser v:l Thr Cys Gln Cys Gln The The Ely Arg Ala 5 88 285
385 5 188 Phe Ile Leu Vel Arg Asn Thr Leu Ile Ser Asn Ile Glu Ile &ly phe
Ile Ser Gln Ser :;,; m &ln Thr Leu :;; Het Tle Asp Asn 1:; The 2 225 2
Cys Fro Thr Als Val Leu Gly Asn Val Tle Te Ser Leu Gly Lys Tyr ‘:-"‘5 Leu Tle The Lys Arg Ser Val Tl Oys Asn Eln Azp Tyr Alz Thr
4 425 438 e 315 e
Leu Gly i;; Val Asn Tyr Asn ﬁ; Glu Gly Ile Ala ﬂ; Gly Pro Pro pm Mgt Thr Asn isn Met Arg Glu Cys Leu Thr &ly Ser Thr Glu Lys
Vil Phe The Atz Lys Val Asp Ile Ser Ser Gln Ile Sar Sar Het den == = =
258 455 168 Cys Pro Arg Glu Leu val val ser Ser His Val Pro Arg Phe Ala Leu
Gln Ser Leu Gl Bln Ser Lys Asp Tyr Ile Lys Glu Als Gln Arg Leu up u5 3%
485 47 475 4s8 ser Asn Gly Val Leu Phe Ala Asn cys Ie Ser Val The Gys &ln Gys
Leu Asp Thr Val Asn Pro Ser Leu Ile Ser Met Leu Ser et Ile Ile - e
485 3 495
Leu Tyr Val Leu Ser Ile Als Ser Lew Cys Ile Gly Leu Ile Thr Phe aln The The Gly arg Ala Ile SEPGln Ser Gly &lu Gln The Leu Leu
500 55 518 m 75 )

Ile Ser Phe Ile Ile Val Glu Lys Lys Arg Asn The Tyr Ser Arg Leu
515 528 525
Glu Asp Arg Arg Val Arg Pro Thr Ser Ser Gly Asp Leu Tyr Tyr Ile
538 535 48

gly The
]

et Ile Asp Asn Thr Thr Cys Pro Thr Ala Val Leu Gly Asn val Ile
385 3% 395 408
Ile Ser Leu Gly Lys Tyr Leu Gly Ser Vel Asn Tyr Asn Ser Glu Gy
485 418 415
1le alz Ile Gly Pro Pro Vel Phe Thr Asp Lys val Asp Ile Ser Ser
48 425 43
@ln Ile Ser Ser Met dsn Gln Ser Leu Gln Gln Ser Lys Asp Tyr Ile
435 &8 ]
Lys &lu Ala Gln Arg Leu Leu Asp Thr Val Asn Pro Ser Leu Ile Ser
4% 435 45
Met Leu Ser Met Ile Ile Leu Tyr Val Leu Ser Ile Ala Ser Leu O
455 a8 475 4
Ile gly Leu Ile Thr Phe Ile Ser Phe e Ile Val Glu Lys Lys Arg
485 408 485
Lsn The Tyr Ser Arg Leu Glu Asp Arg Arg Val Arg Pro Thr Ser Ser
588 585 518
Gly Asp Leu Tyr Tyr Ile Gly Thr
515 58
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Soluble forms of Hendra and Nipah virus F glycoprotein and uses thereof
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This invention relates to soluble forms of F glycoprotein from Hendra and Nipah virus and to
compositions comprising soluble forms of F glycoprotein from Hendra and Nipah virus. This
invention further relates to soluble oligomers of F glycoprotein from Hendra and Nipah virus.
This invention also relates to nucleic acids encoding soluble forms of F glycoprotein from
Hendra and Nipah virus. This invention also relates to diagnostic and therapeutic methods using
the soluble forms of F glycoprotein from Hendra and Nipah virus. Further, this invention relates
to antibodies, including neutralizing antibodies, and to vaccines for the prevention, diagnosis and
treatment of infection by Hendra and Nipah viruses.

US 10590172 B2 (Edlti= 16/055429, &£ £4d))
1. A soluble polypeptide comprising a_soluble antigenic form of a Hendra F glycoprotein,

wherein (i) the glycoprotein consists of an amino acid sequence with at least 90 percent
sequence identity to amino acids 1 to 488 of SEQ ID NO: 2, (i) the glycoprotein is fused
to a second peptide, and (iii) the second peptide is a trimerization domain which is SEQ ID
NO: 10.

US 10040825 B2 (S2HS 12/808930 (2008.12.19.): & Esi2| ¥E 7)
1. A soluble polypeptide comprising a soluble antigenic form of a Nipah F glycoprotein, wherein

() the glycoprotein consists of an amino acid sequence with at least 90 percent sequence
identity to amino acids 1 to 488 of SEQ ID NO: 4, (i) the glycoprotein is fused to a second
peptide, and (i) the second peptide is a trimerization domain which is SEQ ID NO: 10.

+ 2 S5z oY HE SHOE YHCEM Hgot dl=eiHev) ¥ LI HIOIZA(NIY) F SHEE 7HEH
eS| =0 et 21

2 5569 F JHUA T8 delis F IHUA| of Sl MEH HY EH Q9 MY Ex= USRS AlFSH

Ed MEE ZE trimerization domain(&EH THONS SEAA SME £ US

Trimerization domain2 RS AXA OFHEMt 7|52 S7HAIZ & U=t & 50619 7|K0| [=H

=2t Ho|2A L/E= LT} HIO[HAZEEQ| F HTEEIOl 712 HEH0| trimerization domaing

EEoI0, F SHUHES| 88 &ds FAlIl St YHE FolH HOlHA HEE ANok= Hl =30

c FHNCZE=, 2 Eo{iiME HeVY F YHHEMEI(48871 aall SEQ ID NO: 2)1t 90% O&Q| 454
ZH= M1t SEQ ID NO: 109 trimerization domaing SgA|A 712 Z2|HEIEE SAGIUT,
£519 FEAM= NiVY F ZTHEE(4887H aall SEQ ID NO: 4)2t 90% 0149 d8de #He= MB
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20234 AE ZHH WA RED X ol M2 24 - LI HI0IZIA(Nipah virus) -

SEQ ID NO: 109 trimerization domaing &&AlA 7124
o AAIG] MOA] ZAI2MOIK D HH0| 2fst NiV sk & SRS MAMSI GCN4 Motifdi| 2lst Niv
NiV s

CE gA5I%S

sF 5 973 425l 20 HAEE SUSION, ISOFE NV o 5 SIS 0183 0P A0IA
pioel 2 NIV F SOJ%| IAf 9IS, 53} L2 84 %Sy U3iS 5o NV 84 95 2 2 =72

|
A2 Jis8t 1 ERIGHNS

[FIG. 6A] NiV sF 501X wit H3d &M= = OIRAA 2HEHE, ELISA 24

NiV sF GCN UNTAGGED
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e ey

000 10000 100000 1000000
DILUTION (L0G)

2 £5|9 58 5519 F<2 Of2f SEQ ID NO: 4(2F 90% 0149 4542 2= Z) ¥ SEQ ID NO:
C| o

osls HHXI | ste slo 5t
sks ] st st
100' B—I:ln_l- l_t‘—|EO o= == o

210> sEQ 1D o 4 ]

22117 LewoTH. 4ss <400> SEQUENCE: 10

<31z, TYEE. PRT

<213= ORGANISM: Wipah virus Met Lys Gln Ile Glu Asp Lys Ile Glu Glu Ile Leu Ser Lys Ile Tyr

<400% SEQUEHCE: 4 1 = 10 15

ter wal val Ile Lew Asp Lys AT cye Tyr Cvs A Lew Lew Ils Leu His Tle Gls Asn Glu 1le Ala Arg Ile Lys Lys Lew 1le Gly Glu

20 25 10
Tie Leu Mer Tle Ser Giu Cya Ser Val Sly Tie Lew Him Tyr Glu iye
25 30
Lew Ser Lys Tla Gly Leu val Lys Gly val Thr Arg Lys Tyr Lya Tle
Ly Ser Amn Pre Leu Thr Lya Asp Ile val Tie Lys Het Tle Pre Asn
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NIPAH VIRUS IMMUNOGENS AND THEIR USE
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The United States of America, as
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Embodiments of immunogens comprising a recombinant Nipah virus (NiV) F ectodomain trimer
stabilized in a prefusion conformation are provided. Also provided are embodiments of
immunogens comprising chimeric proteins comprising the recombinant NiV F ectodomain
trimer and one or more G ectodomains, a multimer of NiV G ectodomains, and protein
nanoparticles comprising the recombinant NiV F ectodomain trimer or an NiV G ectodomain.
Also disclosed are nucleic acids encoding the immunogens and methods of their production.
Methods for inducing an immune response in a subject by administering a disclosed
immunogen to the subject are also provided. In some embodiments, the immune response
treats or inhibits NiV infection in a subject.
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1. An immunogen, comprising:
a recombinant Nipah virus (NiV) F ectodomain trimer stabilized in a prefusion conformation

by one or more amino acid substitutions in protomers of the trimer, the amino acid

substitutions comprising one or more of the following:

cysteine substitutions at NiV F positions 104 and 114 that form a non-natural intra—

protomer disulfide bond, or cysteine substitutions at NiV F positions 114 and 426 that form

a non-natural intra—protomer disulfide bond;

a proline substitution at NiV F position 191;

a phenylalanine substitution at NiV F position 172;

a glycine substitution at NiV F position 70; and

a deletion of NiV F positions 102-113 with positions 101 and 114 linked by a glycine-serine
linker;

wherein the NiV F positions are according to the reference NiV F sequence set forth as SEQ

ID NO: b2.

2 Edl= LI HO[MANIV)O TSt MY 8138 Rt A& |
= E5{| NiV HS FMs1E K3, Of o

[Epy .y

O4f<| Of0|LeAt X|2t0f| 2lol A A|(trimer) HEHZ THARIEO] QF =

- 90 THNOR, = E5f= XA NIV F UECHO! AZER0l 25t Z{0IG| 0] A2R|= T2 OE| Gt
09| HH(O|l: OF|edt X[t = M) ZLE5H7| THZ0H prefusion HHEIOIA QFESIE = UZ. O
prefusion-QF&SHE NiV F AECHQ! A= QPYSIE|X] 242 AELMOI AEEH|0f

=
Q
ofn

0
K
I
=2
>

47



2 A ReD W E§] M= 24 - LI HIOIHA((Nipah virus) -

A5t BIO] HISS B0 HOR 915
X

478 MO THAE NIV F AELCHO Xl Z2HE Ottt HE2 SEQ ID NO:b2

(ORS Niv EHHHE ME)0f MAEE NiV-F MBS 7122 2t fX(FTE XA AAHQI(104
114 E= 114 2 426), ZERI(191), HEYRHH(172), 221(70) X2 H S20-MZ 742 24

-

(102-113) 52 <ojgl
U A0, KHEEE NiV F AEZHQI Mxl= T2EMO| C-LULt X7 |7F Mgt ZHQIGCNA
LIyE E0Ql, T4 TE A5t TN HEEN AFHEE STI6HH, 0l GCN4 HE3}E Q12
Of0|.At MY IEDKIEEILSKIYHIENEIARIKKLIGEAP(NIVO12] ZE7| 490-519, MEHS 1) 25kt 4= QI2)

o2 T MmO
* SAIGOIM= St OFe2| O0|eAt XIRH0H Ofo S EHOIA FIaHE NIV F HAEZHR! SIS HAKIE
GAlSELL, 0|29 8& X HUE UIS HAESICH, dd== MES NV F HHHO| OfeA HY
HISS HAESIAS
2t RNA & HZ/0tRA DHO|MQ| HHE T EAE
LIEEUL QAT

r

1A

plojelo] & QKRN U 7I8Y HAE ZNS

[FIG. 9A] Immunization protocol

. Immunization of ferrets with mRNA or protein
16 groups (4 immunogens x 4 doscs) FIG. 9A

~  preF
+  mRNA encoding full-length NiV F with NiVop08 ectodomain substitutions at a dose of 10 pg, 30 pg, or 100 pg
*  Soluble NiVop08 protein at a dose of 10 pg

- post-F
+  mRNA encoding full-length NiV F with NiV06 ectodomain substitutions at a dose of 10 pug, 30 pg, or 100 ug
«  Soluble NiVO06 protein at a dose of 10 pg

~  Soluble G hexamer

mRNA encoding G-Fd-G at a dose of 10 pg, 30 pg, or 100 ug

*  Soluble G-Fd-G protein at a dose of 10 ug

—  Soluble pre-F/G
+ mRNA encoding NiVop08-TD-G at a dose of 10 pg, 30 pug. or 100 pg
*  Soluble NiVop08-TD-G protein at a dose of 10 pg

Post-F Pre-F Pre-FIG G-hexamer

[FIG. 9C] st 6FA B3, pseudovirus 3t 24 AL NIV 35t HIAE

FIG. 9C
Pseudoneutralizion Titers
Week 6

T

h
Ly

T
=

Logy ICgg Dilution™!
e
-
ofF
[ ]
—fa
o 4
®
®
L]
®
5
-
et
e
Qi

T T U T T T U T T T T T T T 1 T
postF pref Pre-F/G HexG postF pre-f PreF/G HexG postF pre-f Pre-fiG HexG postF pref PreFiG HexG
100 pg mRNA 33 yg mRNA 10 pug mRNA 10 ug protein

Reciprocal IC8

Pre-F 870 668 527 1232
Post-F n nn nn nn

H ic G 5389 3962 4999 10082

Pre-FiG 17004 5077 3292 13487
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FIG. 10

<

Log,, VNT Dilution™
N
©
|J
o

ﬂ]llipg 1ulpg 1Dépg 10‘|.|g 1IJE'}ug ‘tc;.bg ‘!Ol;pg 10;.59

Post-F PreF PreFIG G-hexamer

[FIG. 13C % D] Biofs} 634 DIPARRE] 2TE B preF-ZE 19G(13C) & G-ZE 19G(13D)
BIAE — mRNA 2 EHE 7|5t B1200] DIRANK IS} ¥SS QEOIISS HOiE

FIG. 13C

Pre-F binding IgG
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HH A RED U Sol M= 24 - LI} HIOIHA(Nipah virus) -

ool
r
0x

SEQ ID NO:52 SEQ ID NO: 1
ORY™ NIV F HEHZIO] GIIAMRI ME NiVO1 CHtEl mot ofo|idt MY

nlbide FBO ID B3 63
allls LENGTH: 4@

<iza TovE Per - NiV F(22-497)GCN4

«XL¥» ORGANIEM: Nipah wirus

o| L35 AlEFS O|7lo| Z4st=
440> SBOUBICE: 53 F2/F12] geiat GCN4 o2t mlmel Zets
Mot Val Val Ile Les Asp Lys Arg Oys Tyr Cys Asn Leu Lew Ile Lau Ctol A o
: : A it IR HEY Alg AERH
Tle Lew Meu 1he Per Glu ©ye Ber Val Gly 1l Lew His Tyr Glu Lye Sequences:
w " " e (SEQ ID WO: 1)
Leu Ser Lys Ile Oly Leu Wal Lys Gly ¥al Thr Arg Lys Tyr Lys Ils TYEMGEASEYEL YL medOT B HenpLTED T "
% L) an GILTPIKGALEL NKLKSS [ESTHERVVKLQET
Lys Ber Asn Pre Les Thr Lys Aep Ile val Ile Lyw met Ile Pro fan AERTVEVLTALODY INTHLVETIDKIS CHOTELS LOLALS KYLEDLL LR
L L Lo TLGYATEDFDDLLESDS ITGRII ¥VDLSSYYIIVRVYFPILTEIQQA 1S IVENFILVRNTLL
Val der Aan Het Ber Oln Sye Thr Gly Ss1 Val Msc Jlu Rem Tyr Lyw n sqs
i LT % F!
BQTLL 1151 LoTY
Thr Arg Leu Asm 01y Ile Leu Thr Fro Ile Lys Gly Ala Les Glu Ile L o .
- - P NPSLk1mkqiedkieeilskiyhieneiarikkligeapgglvprgshhhhhhsawshpgfek

Tyr Lys Asn kss Thr Mis Asp Lew Val aly Asp Val Arg Les Ala aly
184 10% 1

Val Ile Mer Als 91y Val Ala Ile &ly ile Ala Thr Ala Ala 1n ile
118 FES] 138

Thr Als Gly Val Als Leu Tyr Olw Ala Mt Lys Asn Ala Asp Asn Ils
130 1% 140

Ren Ly Leu Lys Ber Ser Ile Olw Ser Thr Ass Glu Ala Val Val Lys
143 130 1% 140

Lews 01n dlu Thar Ala Glu Lya The Wal Tyr Val Leu Thr Ala Leu din
1é% 17 178

AEp TyT Ile ASm Thr Asn Leu Val Fro Tar Ils Asp Lys Ils Ses Oye
189 s 180

Lys 01n Thr Oiu Les Sar Leu Asp Leu Ala Lew Ser Lys Tyr Leu Sax
135 200 298

Asp Leu lau Poe Val Fhe dly Pro Aan leu O0lm Asp Fro Val Ser Man
21e 1% 220

Ser Met Thr Ils Oln Kla Ile Ser Gln Ala Phe Oly Gly Aem Tyr diu

Thr Lau Leu Arg Thr Leu Oly Tyr Ala Thr Glu Asp Phe Asp Aop Lau
L FL F2es

L 01u Fev Aep #ev i The Gly 9lm I0e Ble Tyr Val Aap Lew dex
i % 70

Esr Ty¥ Tyr Ile Ils ¥al Arg Val Tyr Phe Pre Ile Lew The Olu Ils
s ELL] ELLY

Oln Gln Ala Tyr I @in Olu Leu Leu Fro Val Ser Phe &an Jom Aop
290 Y 143

Row gy Gku Twp Ile Sar Ile Val Pro Aen Phe IMe Les Val Arg Asn
IS ST s k0

Tht L#u Tke Eer Asn 1is Olw fle Gy Fhe oye Lei Tle Thr Lys Arg
T3 T %

Ser Val Ils Cye Asn Jin Asp Tyr Ala Thr Fro Het Thr Aan Jam Met
EIH ERLY %0

Arg 6lu €ye Les The @iy Ser Tha aGbu bys cye Fio Ang Slu Les Val
155 w0 T

Val EBer Fer His Val
Ll

Phe Ala Leu Fer Aen 91y Val Lew Fhe
e

Als Amn Cys Ile Ser Wi Cys 9ln Cye Gln Thr Thr Gly Arg Als

1. L1

1le Sy aln Sar aly FThy Leu Leu Mec Ile Aep Aan Tor Thy
408 410 415

Cys Pro Thr Alas Val Leu Oly Asn ¥al Ile Ile Ser Lew Gly Lys Tyr
e 434 EEL]

Lew Gly Ser Val Asn Tyr Asm Ser du Gly Ile Ala Ile Gly Pro Pro
433 w40 wae

Val Fhe Thr Asp Lye Wal Aop Ile Sa1 der dln Ile Ser Ser Met Aan
450 L1 440

alm er Lew 0ln Gln Fer Ly® Asp Tyr Ile Lye @lu Als Gln Arg Lew
4 4Ts 4% £

Les Asp Thr Yal Asn Fro Ser Leu Ile Ser Met Leu Ser Met Ile Ile

s o s
Liw Tyr Val Lew der 0ls Als far Lesu Cys Ils Gly Les Ils Thr Phs
508 834 510
1e 2ey Mee Dle Dle Val Ol Lye Lys Ang Aen Th0 Tyv Sev Arg Leu
588 830 LE

Olu Asp Arg Arg Val Arg Pre Thr Eer Eer Gly Aep Lew Tyw Trr Ile
830 L1 S43

aly Thr
BT
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7 VACCINES AGAINST NIPAH VIRUS, AND METHODS OF USING SAME
alutel US 2021-0252134 A1 (2021.08.19) BE= At
o - .08. —
=%)
_ =2/0] THE WISTAR INSTITUTE OF ANATOMY
Z2HS | 17/269409 (2019.08.21 ==
S=us ) 17/ ( ) (%) | AND BIOLOGY(US)
AMERE ANE =P _
°c - (R
=/t & (IP5=717 %) - AAE | AARE - AARE
ST S et 1.1.3-a
An aspect of the present invention is related to nucleic acid constructs capable of expressing
Q0F at least one Nipah virus (NiV) antigen that elicits an immune response in a mammal against
NiV virus, and methods of use thereof.
28. A nucleic acid molecule encoding at least one consensus Nipah virus (NiV) antigen
comprising an amino acid sequence selected from the group consisting of
a) an amino acid sequence having at least about 90% identity over an entire length of the
amino acid sequence selected from the group consisting of SEQ ID NO:2 and SEQ ID
NO:6,
xozst b) an immunogenic fragment comprising at least about 90% identity over at least 60% of
et the amino acid sequence selected from the group consisting of SEQ ID NO:2 and SEQ
ID NO:6
¢) the amino acid sequence selected from the group consisting of SEQ ID NO:2 and SEQ
ID NO:6, and
d) an immunogenic fragment comprising at least 60% of the amino acid sequence selected
from the group consisting of SEQ ID NO:2 and SEQ ID NO:6.
[FIG.1] design for constructs expressing NiV-fusion(F) immunogens
e =™

Vaccine Vector
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20234 ME 2iHH WA RSD U E6] M 2A - LI HOIZA(Nipah virus) -
« 2 E5f= LT Hio[2A SRS ASeioh= MXE it MBS Zelcle RES0 26t 715
« 2 55{9 EMMO= Niv 230 thst HY BEg fkdl= it BXk= SEQ ID NO:2, SEQ ID
NO:4, SEQ ID NO:6E 225, aiid ME % 0]9] HH E= HOIH(R0E 90% A58 MB)E
LIT} HIO|ZA SHeloZ AIRE 4 USS 7IXEt
o S MOjME ZAMMA NIV &240] a) SEQ ID NO:2 E= SEQ ID NO:6 Ofa|.eAt M FA| Zi0]0
ChHol 90% OlMOl =4S 7IXl= MY, b) SEQ ID NO:2 £ SEQ ID NO:6 OH|.ett MOl 60%
O|Ako| ZI0|0i| CHaH 90% OAte| MA=ME ZH= MY, c) SEQ ID NO:2 & SEQ ID NO:60{A Meiz=
Mg, d) SEQ ID NO:2 E= SEQ ID NO:6 Of0|:eAt MEO| 60% OlMS = MES ESST Py
ol US
« 047|M SEQ ID NO: 2= Consensus NiV glycoprotein (F) antigen2| Ot0|.=A ME0|T SEQ ID
NO: 6= Consensus NiV glycoprotein (G) antigen2| Ot0|.=4t HERI(3¢consensus sequence=
0 MBSO ¥E BME JIHICE BIE0R 2 MYO|LE J0i 435k S2IHE0IE HHY)
« 2 Eo| AA00lAlE OFRANAM NiV-F & NiV-G DNA Eiio] MY 2 HS 552 20I5IUS
[FIG. 5A % 5B]
FIG. BA= NiV-FZ2 1 x 2bug HiA BX Al OFRAQ| &X HJt
FIG. 5B= it BE = F-E018 &3 &A &X Y3 ol
WB
W WNiV-F
ELISA kDe i gy 9
20 290 B
e MR
T momE
=31 U8 3"
0% o
[ e
° £ O S SR TR SR ¥ e
Dilutions :::QW,Q@.&'&
S
15 o
wff
Figure 5B
[FIG. 6B]
FIG. 6B OIRA0| ME NiV-G HAO| pVax-1 TH=1 HWSI0] KHZSH NiV-G CHitEm) to BteMg

2SS UEE Ol0X|

1.5+
-4~ Nipah G

£ 104 °
§ -+ pVaxi
A n=4
O  0.51

0.0 T " " T 1

10? 102 10° 104 10° 108
Dilutions
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Of2f SEQ ID NO: 2 = 601 CHall F71ef 2801 7[MiE d3d £ a)~d)E TUSAZI= 00|t M
SEQ ID NO:2 SEQ ID NO:6

amino acid sequence of a consensus HiV-Fusion (F] immunogen amine asid q of a HivV-G
SEQ ID WO 2 SEQ 1D WO 6
TVILDFRCYCHLLI LI LMI SECSVGI LHYEFLSK IGLYKGVTREY KIKSHPLTEDIVIEM PARNKKVRFENT TS DKGRIPS KV IESY ¥GTMO I EKINEGLLDSKI LEAFNTVIALLGS T

PNV SHMS QTGS VHENY KTRLIGI LTPIKEALE YENNTHILVGDVRLAGVIMAGY V1TV IMT IQNY TRSTONGAVT KDALOGT ReQTRGLADK IGTEI GPKVSLIDTSS TITIR

ATEIATARDI TAGVALY EAMKHADN INKLKS ST ESTHEAVVELGE TARK TV YVLTAL ANIGLLOGSKISOSTAS INENVHEKC KPTLPPLEIHECHISCPHPLEF REYRPQTEGVENL
QDY INTHLVPTIDKISCROTELELDLALSKYLEDLLEVRGPNLODFVENSMTIQRISQA VELENNICLOKT SHOT LEBELIS YT LEVVE0SGTC I TDPLLAMLEGY PAYSHLER TGS C
FOENYETLLRTLGYATEDFICLLESDS ITGQI IVVDLSSYY ITVRVYFPILTEIQQAYIQE SRGVSKORT IGVGEVLIRGDEVPSL FMTIVWT PPRPNTVY HCSAVYNNEF Y YVLCA

LLPVSFRNDNSEWI SIVPNFILVENTLISHIEIGPCLI TERSVICHQDYATPM THRMREC VSTVGDPI LNSTYWSGS LMHTRLAVEPESHGGGYNOHQLALRS IEKGRYDEVMEY

LTas TERCFRELVY SEHVFRFALENGV LERANC I SVTOQUOTTORALIEQEGEQTLLNID GPEGIKQGDTLYPPAVGFLVE TEFKYNDSHCP I TECOYSKPENCRLEMGIRPNSHY IL

HTTCRTAVLGNV ITSLOKY LGSVHYHE BRI AIGFFVFTDEVIT SSQISSMNGS LOQSKD REGLLKYHNLSDGENPKVVRIEISDORLS IGSPEK I YDELGQPVEYQREPSWDTMI KPGD
YIFEAQRLLDTVEPSLISMLSMIILYVLSIASLCIGLI TFISFIIVEKKRNTYSRLECRRVR VLTVNPLVVEWRNNTVI SRPGQSQCPRFNTCPEICWEGVYNDAFL IDRINW I SAGVFL
PTISSGDLYYIGT

DESHOTAENPVFTVFEDNEILYRAQLAS EDTHAQETI THCFLLENKIWCISLVEIYDTG

DNVIRPELFAVEIPEQCT
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HH A RED U Sol M 24 - LI} HHOIHA(Nipah virus) -

Zoonotic disease RNA vaccines

SR E2 At
US 11497807 B2 (2022.11.15) ModernaTX, Inc.(US)

17/155592 (2021.01.22) ModernaTX, Inc.(US)

(OphEIEe 2038.03.16

opn
]

megms | KRO| US| EP | UP | ON

~

(IP5=717|%) - =2 | AAE _ _

S JEER 1.1.3-b

Provide herein are Lassa virus, Nipah virus, and betacoronavirus ribonucleic acid vaccines as
well as methods of using the vaccines and compositions comprising the vaccines.

i
ozt
-
og

1. A composition comprising:
(a) a messenger ribonucleic acid (mMBRNA) comprising an open reading frame (ORF) encoding
a fusion protein, wherein the fusion protein comprises a Nipah virus F protein and a

Nipah virus G protein; and

(b) a lipid nanoparticle, wherein the lipid nanoparticle comprises 45-55 mol % ionizable lipid,
5-25 mol % neutral lipid, 35-45 mol % sterol, and 0.5-5 mol % polyethylene glycol
(PEG)-modified lipid, wherein the ionizable lipid is a compound of Formula (I):

RN

g

and wherein R1 is R"M'R” or C5-20 alkenyl; R2 and R3 are each independently selected
from C1-14 alkyl and C2-14 alkenyl; R4 is —(CH2)nQ, wherein Q is OH and n is
selected from 3, 4, and 5; M and M’ are each independently —OC(O)— or —C(0)0—;
Rb, R6, and R7 are each H; R is a linear C1-12 alkyl, or C1-12 alkyl substituted with
C6-9 alkyl; R” is C3-14 alkyl; m is selected from 5, 6, 7, 8, 9, 10, 11, 12, and 13.

20. The composition of claim 1, wherein the Nipah virus F protein of the fusion protein
comprises an _amino acid sequence that has at least 90% identity with the amino acid
sequence of SEQ ID NO: 13, and the Nipah virus G protein of the fusion protein
comprises an amino acid sequence that has at least 90% identity with the amino acid
sequence of SEQ ID NO: 11.
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2 HEIT 2L} HO|HA 2ot s 31 Ui S IISHS)
AFESh= Yol et Zd%'. OfAIZ, 2 50619 2E = LT HO|ZA0 CHet dil &

n %

0x rlr

4 | E3lel= REL=RHLNP) M AAS SH6HD U=, Of ARl
KHLNP) HZ AJABIS RNA 81Al §5S S7IA7|1 27t 22| §l0] 35102 HSIEl RNA dAl
= HEEX| 052 RNA #iMS SUOR ML 4 QUi J|Mfotl U




18 o

LHMRNA)S Zefoh=0, ¢ it L |HA F D G TR0 gotE A2 Q0lgh

Z, 724 (@)= UDF HOZA F ¥ GO 87 HWES 21FE5k= mRNAO aiEet

H5E 19] THOA (b)= XA L QUKF LNPO| 3l ZAHS IHXOZ EX5E [ NP= 45-55 mol%

0|23} XA, 5-25 mol% =4 XA, 35-45 mol% AHZE 2 0.5-5 mol% Z2|0|2 22|=(PEG)-
& XA mEkoll, 5] 47| 0128t XAER Oig AMEE FXE 2= AURIEY| Hols 78

)

15t 12 (a) B8 HEZ(fusion proteinys Q1RHoH= QEEI%'HHIO'(ORF)E HSISH= MK 2=
ot Hto
E.H

d

>||

o rE

28 0

O:l
=
X

5 XS 202, AlJ| 88 CHHiEI0| L|mf HIO[2A F HHEHEI2 SEQ ID NO: 132 Of0|iAt
I QS |

M

90% OlY9l dade = Ot MBS Zololdl, 47| ¢ Tl LIt HiO|2A G HEH
SEQ ID NO: 119] OR|.At M 90% 0142 HE4S 2= ottt MES H&loh= A0 &

ofdl UZ
2 £5{2 HAlol|of| 2, PIV3(Parainfluenza virus 3) 8 HEHE0| 7|=610] MAIE mRNA 2l
cotton rat 2 FZ&F(African green monkey= A8 ™ PIV3EH SMHOZ AF2|HE)9| 27HX| &
0| FO0ol0 HIO|ZHA F3F S TR Hi0|2A IVHE 88t Zit cotton rate 10ug 25u9
2 mRNA 8iA B A| ESEQOM, African green monkey= 25 & 50ug &2 mRNA HiAl
£0 Al H5Eg 20I6INS

ox ro &

I'LI|0

Cotton rat viral load - PIV3 challenge PIV3 Viral load - African green monkeys
1w 107 ® Nose ® Lung
e Nowm
w - m Lung 10°

plug tissue
<N
L]
i
.

60% PRNT

[cotton ratOflA] HIO|2{A S7HY) L A PIV3  [African green monkeyOllA] HIO[ZA HITHE)
SFBtM G7K0f) T2iE] 2 Y PIV3 SSIE S7K0fY) 22iZ]

5% mRNA PIV3 HAl, placebo E= E22U2 SEN3HFI) PIV3 Al &
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Met Pro Ala Glu Asn Lys Lys Val Arg Phe Glu Asn Thr Thr Ser Asp
1 5 15

10

Lys Gly Lys Asn Pro Ser Lys Val Ile Lys Ser Tyr Tyr Gly Thr Met
20 30

25

Asp Ile Lys Lys Ile Asn Glu Gly Leu Leu Asp Ser Lys Ile Leu Ser
4

35 40

Ala Phe Asn Thr Val Ile Ala Leu Leu Gly Ser Ile Val Ile Ile Val

50

55 60

Met Asn Ile Met Ile Ile Gln Asn Tyr Thr Arg Ser Thr Asp Asn Gln

70 75 80

Ala Val Ile Lys Asp Ala Leu Gln Gly Ile Gln Gln Gln Ile Lys Gly
95

85 90

Leu Ala 2sp Lys Ile Gly Thr Glu Ile Gly Pro Lys Val Ser Leu Ile

100 105 110

Asp Thr Ser Ser Thr Ile Thr Ile Pro Ala Asn Ile Gly Leu Leu Gly

115 120 125

Ser Lys Ile Ser Gln Ser Thr Ala Ser Ile Asn Glu Asn Val Asn Glu
130 135 140

Lys Cys Lys Phe Thr Leu Pro Pro Leu Lys Ile His Glu Cys Asn Ile

145

150 155 160

Ser Cys Pro Asn Pro Leu Pro Phe Arg Glu Tyr Arg Pro Gln Thr Glu

165 170 175

Gly Val Ser Asn Leu Val Gly Leu Pro Asp Asn Ile Cys Leu Gln Lys

180 185 190

Thr Ser Asn Gln Ile Leu Lys Pro Lys Leu Ile Ser Tyr Thr Leu Pro

185 200 205

Val Val €ly Gln Ser €ly Thr Cye Ile Thr Asp Pro Leu Leu Ala Met
210 215 220

Rsp Glu Gly Tyr Phe Ala Tyr Ser His Leu Glu Arg Ile Gly Ser Cys
215 240

225

230

Ser Arg Gly Val Ser Lye Gln Arg Ile Ile Gly Val Gly Glu Val Leu

245 250 255

Aop Arg Gly Asp Glu Val Pro Ser Leu Phe Met Thr Asn Val Trp Thr

260 268 270

Pro Pro Asn Pro Asn Thr Val Tyr His Cys Ser Ala Val Tyr Asn Rsn

275 280 285

Glu Phe Tyr Tyr Val Leu Cys Ala Val Ser Thr Val 8ly Asp Pro Ile
250 295 300

Leu 2sn Ser Thr Tyr Trp Ser €ly Ser Leu Met Met Thr Arg Leu Ala

310 315 220

Val Lys Pro Lys Ser Aen Gly Gly Gly Tyr 2sn Gln His Gln Leu Ala

325 330 33s

Leu Arg Ser Ile Glu Lys Gly Arg Tyr Acp Lys Val Met Pro Tyr Gly
E

340 345

Pro Ser €ly 1le Lys @ln Gly Asp Thr Leu Tyr Phe Pro Ala Val €ly

11 360 g5

Phe Leu Val Arg Thr Glu Phe Lys Tyr Asn Asp Ser Asn Cys Pro Ile
370 375 380

Thr Lys Cys €ln Tyr Ser Lys Pro Glu Asn Cys Arg Leu Ser Met Gly

390 395 400

Ile Arg Pro Asn Ser His Tyr Ile Leu Arg Ser Gly Leu Leu Lys Tyr

405 410

Asn Leu Ser Asp Gly Glu Asn Pro Lys Ile Val Phe Ile Glu Ile Ser

420 425

Asp Gln Arg Leu Ser Ile Gly Ser Pro Ser Lys Val Tyr Asp Ser Leu
44!

435 440 5

Gly €ln Pro Val Phe Tyr Gln Ala Ser Phe Ser Trp Asp Thr Met Ile
450 455 460

Lys Phe Gly Asp Val Gln Thr Val Rsn Pro Leu Val Val Asn Trp Arg

465

470 475 480

Asp Asn Thr Val Ile Ser Arg Pro Gly Gln Ser Gln Cys Pro Arg Phe

485 480

Asn Thr Cye Pre Glu Ile Cys Trp Glu Gly Val Tyr Asn Asp Ala Fhe

500 505

Leu Ile Rop Arg Ile Asn Trp Ile Ser Ala Gly Val Phe Leu Asp Sex
52!

515 520

Rsn Gln Thr &la Glu Asn Pro Val Phe Thr Val Phe Lys Asp Asn Glu
530 535 540

oY WM ReD ¥ Eol M2 BAM - LI HI0IZA(Nipah virus) -
= E5{0| H715t 200f = SEQ ID NO: 11(LIIF G HefE)nt SEQ 1D NO: 13(LIT} F HeE)o| MES
OIS 28, 378 20004 0] & EHfmol 8% Hei(fusion protein)0] SRS B3
SEQ ID NO: 11 SEQ ID NO: 13
<210> SEQ ID NO 11 <210> SEQ ID NO 13
<211> LENGTH: 602 <211> LENGTH: 520
<212> TYPE: PRT <212> TYPE: PRT L
<213> ORGANISM: Artificial sequence 3;31 ;;;T;T{E“f: Artificial
Z§§§§ ggs;??ﬁpmmnwz Synthetic Polypeptide <223> OTHER INFORMATION: Synthetic Polypeptide
<400> SEQUENCE: 11 <400> SEQUENCE: 13

Ile Leu His Tyr Glu Lys Leu Ser Lys Ile Gly Leu Val Lys Gly Ile

1 5 10 15

Thr Arg Lys Tyr Lys Ile Lys Ser Asn Pro Leu Thr Lys Asp Ile Val
20 25 30

Ile Lys Met Ile Pro Asn Val Ser Asn Met Ser Gln Cys Thr Gly Ser
35 40 45

Val Met Glu Asn Tyr Lys Thr Arg Leu Asn Gly Ile Leu Thr Pro Ile
50 55 60

Lys Gly Ala Leu Glu Ile Tyr Lys Asn Asn Thr His Asp Leu Val Gly
65 70 75 80

Asp Val Arg Leu Ala Gly Val Ile Met Ala Gly Val Ala Ile Gly Ile
85 90 95

Ala Thr 2la 2la Gln Ile Thr Ala Gly Val Ala Leu Tyr Glu Ala Met
100 105 110

Lys Asn Ala Asp Asn Ile Asn Lys Leu Lys Ser Ser Ile Glu Ser Thr
115

Asn Glu Ala Val Val Lys Leu Gln Glu Thr Ala Glu Lys Thr Val Tyr
130 135 140

Val Leu Thr Ala Leu Gln Asp Tyr Ile Asn Thr Asn Leu Val Pro Thr
145 150 155 160

Ile Asp Lys Ile Ser Cys Lys Gln Thr Glu Leu Ser Leu Asp Leu Ala
165

Leu Ser Lys Tyr Leu Ser Asp Leu Leu Phe Val Phe Gly Pro Asn Leu
180 185 190

Gln Asp Pro Val Ser Asn Ser Met Thr Ile Gln Ala Ile Ser Gln Ala
195 200 205

Phe Gly Gly Asn Tyr Glu Thr Leu Leu Arg Thr Leu Gly Tyr Ala Thr
220
Glu Asp Phe Asp Asp Leu Leu Glu Ser Asp Ser Ile Thr Gly Gln Ile
230 240
Ile Tyr Val Asp Leu Ser Gly Tyr Tyr Ile Ile Val Arg Val Tyr Phe
45 250

Pro Ile Leu Thr Glu Ile Gln Gln Ala Tyr Ile Gln Glu Leu Leu Pro
265

Leu Ser Lys Tyr Leu Ser Asp Leu Leu Phe Val Phe Gly Pro Asn Leu
185

Gln Asp Pro Val Ser Asn Ser Met Thr Ile Gln Ala Ile Ser Gln Ala
195 200 205

Phe Gly Gly Asn Tyr Glu Thr Leu Leu Arg Thr Leu Gly Tyr Ala Thr
210 215

Glu Asp Phe Asp Asp Leu Leu Glu Ser Asp Ser Ile Thr Gly Gln Ile
228 2130 2138 240

Ile Tyr Val Asp Leu Ser Gly Tyr Tyr Ile Ile Val Arg Val Tyr Phe
245 250 255

Pro Ile Leu Thr Glu Ile Gln Gln Ala Tyr Ile Gln Glu Leu Leu Pro
265
Val Ser Phe Asn Asn Asp Asn Ser Glu Trp Ile Ser Ile Val Pro Rsn
280
Phe Ile Leu Val Arg Asn Thr Leu Ile Ser Asn Ile Glu Ile Gly Phe
280 295

Cys Leu Ile Thr Lys Arg Ser Val Ile Cys Asn Gln Asp Tyr Ala Thr
3405 315 3

Pro Met Thr Asn Asn Met Arg Glu Cys Leu Thr Gly Ser Thr Glu Lys
325 330 335

Cye Pro Arg Glu Leu Val Val Ser Ser His Val Pro Arg Phe Ala Leu
0 345 350

Ser Asn Gly Val Leu Phe Ala Asn Cys Ile Ser Val Thr Cys Gln Cye
355 185

Gln Thr Thr Gly Arg Ala Ile Ser Gln Ser Gly Glu Gln Thr Leu Leu
370 378 380

Met Ile Asp Asn Thr Thr Cys Pro Thr Ala Val Leu Gly Asn Val Ile
85 3g0 ER 400

Ile Ser Leu Gly Lys Tyr Leu Gly Ser Val Asn Tyr Asn Ser Glu Gly
405 410

56




. el 5ol S @ ——

Phe Bla Val Lys Ile Pro Glu Gln Cys Thr Ile Ala Tle @ly Pro Pro Val Phe Thr Rsp Lys Val Asp Ile Ser Ser
420 425 430
595 [l
Gln Ile Ser Sexr Met Rsn Gln Ser Leu Gln Gln Ser Lys Asp Tyr Ile
435 240 245

Ile Leu Tyr Arg Ala @ln Leu Ala Ser Glu Asp Thr Asn Ala Gln Lys

545 550 555 560 Lys Glu Ala Gln Arg Leu Leu Asp Thr Val Asn Pro Ser Leu Ile Ser
450 455 460

Thr Ile Thr Ren Cys Phe Leu Leu Lys Ren Lys Ile Trp Cys Ile Ser
565 570 575 Met Leu fer Met Ile Ile Leu Tyr Val Leu Ser Ile Ala Ser Leu Cya
165 470 475 180

Leu Val Glu Ile Tyr Asp Thr Gly Asp Asn Val Ile Arg Fro Lys Leu
sa0 5a5 sa0 Ile Gly Leu Ile Thr Phe Ile Ser Phe Ile Ile Val Glu Lys Lys Arg

405 480 495

Asn Thr Tyr Ser Arg Leu Glu Asp Arg Arg Val Arg Pro Thr Ser Ser
500 508 510

&ly Asp Leu Tyr Tyr Ile @ly Thr
515 520
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Nipah virus receptor binding glycoprotein and application thereof
MILITARY VETERINARY Research Institute
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The invention relates to the field of biological medicine, in particular to nipah virus receptor

binding glycoprotein and application thereof. According to the invention, nipah virus receptor

binding glycoprotein (G) is used as a research object, mammalian cells are used for carrying

out soluble expression and purification on the nipah virus receptor binding glycoprotein (G),

specific serum is prepared by immunizing mice, and the binding activity is identified by indirect
ELISA (enzyme-linked immunosorbent assay). Results show that the nipah virus G glycoprotein
is subjected to soluble expression in Expi293F cells, the target protein obtained through
purification is correct in size, and the purity is larger than 99%; and the prepared antiserum
can be specifically combined with a target protein. The research lays a foundation for nipah

virus diagnosis and vaccine research.

Al
f

-
od

(B=0 229 74 HAYEY
1. Nipah virus receptor-binding glycoprotein, characterized by retaining amino acid residues

172-602aa on the basis of Nipah virus G protein, and deleting a cytoplasmic tail region, a

transmembrane hydrophobic region and an outer stem region at amino acid residues
71-171; the N section is added with a human tissue plasminogen activator signal peptide

sequence, a Strep tag and a TEV protease enzyme cutting sequence capable of cutting off the
tag, and the two ends are respectively added with enzyme cutting sites Hind Ill and BamH .

2. The nipah virus receptor-binding glycoprotein of claim 1, having:

() And an amino acid sequence shown as SEQ ID No. 1.

8. Use of a nipah virus receptor binding glycoprotein according to claim 1 or 2, a nucleic acid
molecule according to claim 3 or 4, an expression vector according to claim 5 or an antigen

according to claim 6, in the preparation of any one or more of;

(I) Preparing antibodies of the nipah virus;

(I) preparing and/or evaluating a vaccine for prevention of nipah virus;
(Ill) preparing a medicament for treating diseases caused by Nipah virus;
(IV) preparing a detection reagent or a detection kit for the Nipah virus;
(V) researching the protein structure of Nipah virus; and/or

(VI) researching the invasion mechanism of the Nipah virus.
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« HPE 12 LI HI0[2A G YHEES 7|8to2 0f|iAl X7| 172-602aa2] YRIE QA[6HT, AMEE
HIY G, gt Al 9 3 OOt T) 71-1719) i 57] Y2 %Iol-— A E’é'O_%

3

St= LIt HIO|HA 42X ZAg YA N segmentl= human tissue plasminogen activator
signal peptide(tPA) sequence, Strep tag, excisable tag?| TEV protease cleavage sequences,
& LHOl= 24 B 29/ Hindll2 Bam HIE 22 —’F—7f°H1r_' M5 Q2

AT 104 71Xl TEV protease cleavage sequences IS HIEI|IEE HAE 4= QI0, OIS F71610
ME QUI HHA|OZO| OIMAS Siis}

2 E3{9| MAM0oAM= LT} HIO[MA G YHEiAIS 7|22 Of|LAt £7| 172-602aa2] X, & 78
S MRS RXISHH, MEE BY FY, U2 A FH L O]t T7| 71-1719] 22 &7
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2 E5{9 F7et 2= HE 100 7|XH= nipah virus reciptor-binding glycoprotein®| ME& SEQ ID
No. 122 EX5II S, SEQ IN No. 19 ME2 022t &3
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<210> 1
<L 431 Phe Ile Glu Ile Ser Asp Gln Arg Leu Ser Ile Gly Ser Pro Ser L
125 PRT e Ile u%; er Asp Gln Arg 2;; er Ile Gly Ser 2;8 er Lys
<213> ATJ7%l (Artificial Sequence) i
4005 1 Ile Tyr Asp Ser Leu Gly Gln Pro Val Phe Tyr Gln Ala Ser Phe Ser
275 280 285
Arg Pro Gln Thr Glu Gly Val Ser Asn Leu Val Gly Leu Pro Asn Asn
1 5 10 15 Trp Asp Thr Met Ile Lys Phe Gly Asp Val Leu Thr Val Asn Pro Leu
o 290 295 300
Ile Cys Leu Gln Lys Thr Ser Asn Gln Ile Leu Lys Pro Lys Leu Ile
20 95 30 Val Val Asn Trp Arg Asn Asn Thr Val Ile Ser Arg Pro Gly Gln Ser
) ? 305 310 315 320
Ser Tyr Thr Leu Pro Val Val Gly Gln Ser Gly Thr Cys Ile Thr Asp
35 0 5 Gln Cys Pro Arg Phe Asn Thr Cys Pro Glu Ile Cys Trp Glu Gly Val
" . 325 330 335
Pro Leu Leu Ala Met Asp Glu Gly Tyr Phe Ala Tyr Ser His Leu Glu
50 55 60 Tyr Asn Asp Ala Phe Leu Ile Asp Arg Ile Asn Trp Ile Ser Ala Gly
) . 340 345 350
Arg Ile Gly Ser Cys Ser Arg Gly Val Ser Lys Gln Arg Ile Ile Gly . .
Val Phe Leu Asp Ser Asn Gln Thr Ala Glu Asn Pro Val Phe Thr Val
65 70 75 80
Val Gly Glu Val Leu Asp Arg Gly Asp Glu Val Pro Ser Leu Phe Met 385 360 365
a v b ta ;u Sp Arg Ly Asp 90u at froser Leu 958 ¢ Phe Lys Asp Asn Glu Ile Leu Tyr Arg Ala Gln Leu Ala Ser Glu Asp
Thr Asn Val T T:\ Pro Pro Asn Pro Asn Thr Val Tyr His Cys S 370 375 380
rAsn Ve 1;8 v Fro Fro fsn 1;: snthe Yal e li; v Ser Thr Asn Ala Gln Lys Thr Ile Thr Asn Cys Phe Leu Leu Lys Asn Lys
Ala Val Tyr Asn Asn Glu Phe Tyr Tyr Val Leu Cys Ala Val Ser Th: 385 390 39 100
et 1?2 St s bhu The 1;; yr el ew bys 12; AP e Trp Cys Tle Ser Leu Val Glu Ile Tyr Asp Thr Gly Asp Asn Val
Val Gly Asp Pro Ile Leu Asn Ser Thr Tyr Trp Ser Gly Ser Leu M 105 o s
@ 13; sp o Hle teu 1;'5‘ er T lzg v ser LewMet 11 wrg Pro Lys Leu Phe Ala Val Lys Tle Pro Glu Gln Cys Thr
420 425 430
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Met
145
Gln

Val

Phe

Thr

His

Met

Pro

Asn

210

Leu

Leu

Arg Leu

Gln Leu

Pro Tyr
180
Ala Val
195
Cys Pro
Ser Met

Leu Lys

Ala
165

Gly

Ile

245

Val Lys Pro
150
Leu Arg Ser

Pro Ser Gly

Phe Leu Val
200
Thr Lys Cys

215
Ile Arg
230

Asn Leu Ser

Pro

Ser Asn
155

Glu Lys

170

Lys Gln

Lys

Ile

Ile
185
Arg Thr Glu

Gln Tyr Ser
Ser His

235
Asp Gly Glu

Asn

250

Gly Gly

Gly Arg

Gly Asp

Phe Lys
205
Lys Pro
220
Tyr Ile

Asn Pro

Gly Tyr
Asp
175
Leu

Tyr
Thr

190

Tyr Asn

Glu Asn
Leu Arg

Lys Val

255

Asn
160
Lys
Tyr

Asp

Cys
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10 Tunable vaccine platform against pathogens of the paramyxovirus family
S~ US 10780158 B2 SIXEEIRt | Georgia State University Research Foundation,
s (2020.09.22) =) Inc.(US)
_ _ Z32 Georgia State University Research Foundation,
SHHS 15/776703 (2016.11.16
& /776703 ( ) @) | ey
MENEE S ==l 2036.11.16
Sl - CEE o
]IHDEIEl'l 3 ]IHDEIEJEJI' KR US EP JP CN
=27t % (IP5=717|%) - =] =[5t _ _
seow | A EEE 1.1.2-a
Disclosed herein is a strategy for the engineering of recombinant vaccines against major
human and animal pathogens of the paramyxovirus family. Also disclosed are recombinant
QOF virus able to replicate without being pathogenic. Also disclosed is a method of immunizing

a subject against infection with a that involves administering to the subject a recombinant
vaccine disclosed herein.

i
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-
%

1. A recombinant non—pathogenic paramyxovirus vaccine, comprising a paramyxovirus genome

encoding an infectious paramyxovirus virion operably linked to an expression control
sequence, wherein the paramyxovirus genome comprises a nucleic acid encoding a
nucleoprotein having a deletion that allows a paramyxovirus virus produced by expression
of the paramyxovirus vector to replicate without being pathogenic, wherein the deletion
corresponds to residues 442-480 of SEQ ID NO:1.

2. The recombinant vaccine of claim 1, wherein the paramyxovirus comprises a morbillivirus.

3. The recombinant vaccine of claim 2, wherein the paramyxovirus comprises a canine
distemper virus (CDV).

5. The recombinant vaccine of claim 1, wherein the paramyxovirus comprises a avulavirus,
aquaparamyxovirus, henipavirus, respirovirus, rubulavirus, or ferlavirus.

6. The recombinant vaccine of claim 5, wherein the paramyxovirus comprises a nipah virus
or hendra virus.
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D NO:19| X7 442-4800] e
= | A0 SIEAH] Z>OA SHHO| FE2HUE(CDV-N-(4440-482))2] LHEd
HAE TIls &9 Hi0|2A(MeV) and canine distemper virus(CDV) AJARIY 7|=6tH NiV N
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AMME recCDV-NA440-480 73 L= recCDV-NA425-480 232 HiAl FHEE
2 RIAHQ| HeM CDVREH 2AH5| HSES E06I%NS

=
recCDY N& 425-480

_ = : 5 T recCOVRE 50582 clinical symptoms after lethal challenge
§ s mock vaccinated Weight
HE Rash Fever loss
£ ol recCOVNA425-480 OO0 0OOOO 0OOOO
H

- recCDV NA 440-480 (OO0 DOOOO OOmWO

charpree mockvaccinated Il [ | | ] ]
o T T T T T T
0 7 4 21 35 43 56 63

days post primary infection

oR

(XA} 28 = 4EE] (XA} 2

Otz SEQ ID NO: 10{A 442~480 ME0| HMAHE 0| = Sof #hlo] ooz Xget
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<210> SEQ ID NO 1 Ile Lys Phe Gly Ile Glu Thr Met Tyr Pro Ala Leu Gly Leu His Glu

<211> LENGTH: 523 275 280 285

<212> TYPE: PRT

<213> ORGANISM: canine distemper virus Phe Ser Gly Glu Leu Thr Thr Ile Glu Ser Leu Met Met Leu Tyr Gln
290 295 300

<400> SEQUENCE: 1
Gln Met Gly Glu Thr Ala Pro Tyr Met Val Ile Leu Glu Asn Ser Val

Met Ala Ser Leu Leu Lys Ser Leu Thr Leu Phe Lys Arg Thr Arg Asp 305 310 315 320
1 5 10 15
Gln Asn Lys Phe Ser Ala Gly Ser Tyr Pro Leu Leu Trp Ser Tyr Ala
Gln Pro Pro Leu Ala Ser Gly Ser Gly Gly Ala Ile Arg Gly Ile Lys 325 330 335
20 25 30
Met Gly Val Gly Val Glu Leu Glu Asn Ser Met Gly Gly Leu Asn Phe
His Val Ile Ile Val Leu Ile Pro Gly Asp Ser Ser Ile Val Thr Arg 340 345 350
35 10 45

Gly Arg Ser Tyr Phe Asp Pro Ala Tyr Phe Arg Leu Gly Gln Glu Met

Ser Arg Leu Leu Asp Arg Leu Val Arg Leu Val Gly Asp Pro Glu Ile 355 360 365

50 55 60
Val Arg Arg Ser Ala Gly Lys Val Ser Ser Ala Leu Ala Ala Glu Leu

Asn Gly Pro Lys Leu Thr Gly Ile Leu Ile Ser Ile Leu Ser Leu Phe 370 375 380
65 70 75 80
Gly Ile Thr Lys Glu Glu Ala Gln Leu Val Ser Glu Ile Ala Ser Lys
Val Glu Ser Pro Gly Gln Leu Ile Gln Arg Ile Ile Asp Asp Pro Asp 385 390 395 400
85 90 95
Thr Thr Glu Asp Arg Thr Ile Arg Ala Ala Gly Pro Lys Gln Ser Gln
Val Ser Ile Lys Leu Val Glu Val Ile Pro Ser Ile Asn Ser Val Cys 405 410 415
100 105 110
Ile Thr Phe Leu His Ser Glu Arg Ser Glu Val Thr Asn Gln Gln Pro
Gly Leu Thr Phe Ala Ser Arg Gly Ala Ser Leu Asp Ser Glu Ala Asp 420 425 430
115 120 125
Pro Ala Ile Asn Lys Arg Ser Glu Asn Gln Gly Gly Asp Lys Tyr Pro
Glu Phe Phe Lys Ile Val Asp Glu Gly Ser Lys Ala Gln Gly Gln Leu 435 440 445

120 135 40 Ile His Phe Ser Asp Glu Arg Phe Pro Gly Tyr Thr Pro Asp Val Asn
450 455 460
Gly Trp Leu Glu Asn Lys Asp Ile Val Asp Ile Glu Val Asp Asp Ala
145 150 155 160
Gly Ser Glu Trp Ser Glu Ser Arg Tyr Asp Thr Gln Thr Ile Gln Asp
Glu Gln Phe Asn Ile Leu Leu Ala Ser Ile Leu Ala Gln Thr Trp Ile 465 470 475 180
165 170 175
Asp Gly Asn Asp Asp Asp Arg Lys Ser Met Glu Ala Ile Ala Lys Met
Leu Leu Ala Lys Ala Val Thr Ala Pro Asp Thr Ala Ala Asp Ser Glu 185 490 495
180 185 190

Arg Met Leu Thr Lys Met Leu Ser Gln Pro Gly Thr Ser Glu Gly Gly

Met Arg Arg Trp Ile Lys Tyr Thr Gln Gln Arg Arg Val Val Gly Glu 500 505 510

195 200 205 Ser Pro Val Tyr Asn Asp Arg Glu Leu Leu Asn

515 520
Phe Arg Met Asn Lys Ile Trp Leu Asp Ile Val Arg Asn Arg Ile Ala

210 215 220

Glu Asp Leu Ser Leu Arg Arg Phe Met Val Ala Leu Ile Leu Asp Ile

225 230 235 240

Lys Arg Ser Pro Gly Asn Lys Pro Arg Ile Ala Glu Met Ile Cys Asp
245 250 255

Ile Asp Asn Tyr Ile Val Glu Ala Gly Leu Ala Ser Phe Ile Leu Thr
260 265 270
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Nipah virus envelope glycoprotein pseudotyped lentivirus

Ecole Normale Superieure de Lyon(FR),
Centre National de la Recherche Scientifique
SXHH2IRE | (CNRS)(FR),

(ZH) Université Claude Bernard Lyon 1(FR),
Institut National de la Sante et de la
Recherche Medicale(INSERM)(FR)
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The present invention relates to pseudotyped retrovirus—like particles or retroviral vectors
comprising both engineered envelope glycoproteins derived from a virus of the Paramyxoviridae
family fused to a cell targeting domain and fused to a functional domain. The present invention
also relates to the use of said pseudotyped retrovirus—like particles or retroviral vectors to
selectively modulate the activity of specific subsets of cells, in particular of specific immune
cells. These pseudotyped retrovirus-like particles or retroviral vectors are particularly useful for
gene therapy, immune therapy and/or vaccination.
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1. A pseudotyped lentiviral vector comprising: a) at least one cell targeting fusion protein
comprising (i) an envelope glycoprotein G of a Nipah virus that lacks amino acids 2-34 of
SEQ ID NO: 9(GcA34) and comprises the point mutations E501A, W504A, Q530A, and
E533A by comparison to the sequence of SEQ ID NO:9 and (i) at least one cell targeting
domain, b) at least one envelope glycoprotein F of a Nipah virus that lacks amino acids 525-546
of SEQ ID NO:11(FA22), and ¢) a nucleic acid encoding a chimeric antigen receptor.

4. The pseudotyped lentiviral vector of claim 1, wherein the at least one cell targeting domain
is specific for CD3, CD8, or CD4.

« 2 Eoi= TI2{AAHI0[ZA T} HIO[ZANA Q24E 2T YrtEtXenvelope glycoproteins)e E&foH=
7 =Ef(pseudotyped) HEZHIO[HA-RAF UXHVLP) = 2 ERBI0[2{A HEO] 23H Y

- B0 FRMOR, 2 U= EY E2UI0[2IA-RAL At E= 2E2H0[2IA HES M2
58 U MES 2ds UHHOR I Jtsolihs XS T A VLP E= HE= B MEE TP [YE
RUME HHNOZ SEXO2 HEFy + UCOE, RUA Xz, HY Xz, Wi SO 282 + US

* 3718 12, a) () SEQ ID NO: 99| 0|4t 2-34(Ge A34)7+ Z0i=|11, HEXHHO| ES01A, WE04A,
Q530A & EB3BAS Hefoh= LIt HO[2fAS| ARZT SEMH G (i) ME BX EHOIS Zeioh=
ME BN 88 THHE,
b) SEQ ID NO:11(FA22)2| 0|4t 526-5460] ZOE LIT} HIO[2{AQ] MR FTEA

c) 7|t S +EAIE QIFT5t= Sihts Zefohs, wEY HE| HIOZIAS Folotl US

-

m
[
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« 2 E35{0| MAO0M= Q17 CD3 +T MZZ 86/IL7° -L(CD8/IL-7 co—displaying NiV glycoprotein
pseudotyped lentiviral vectors)?t 3Y SOt HIZAI7|= A&S Sof CD8 +T MIIE o6t T&0| CD71
UNS AT ZEE EHO OHLE}, O M HHS 2IZH A Net XAt GFP E= X228 EMAZ
CAR192 &E8XMOZ YUSIAZLS &Rlst

E519 F7E 101M E"EIHFOIEM HIE{= Of2f Limt HIO|2{AS] G & F THHE(ZiZt Of2f ME ZE)S
H AXA B L= SHHO| AI7] HEHEZ S pseudotype) = US

SEQ ID NO: 9 SEQ ID NO: 11

=
—_
E
]

Met Pro Ala Glu Asn Lys Lys Val Arg Phe Glu Bsn Thr Thr Ser Asp Met Val Val Ile Leu Asp Lys Arg Cye Tyr Cys Aen Leu Leu Ile Leu
1 5 10 15 1 B 10 15
Lys Gly Lys Ile Pro Ser Lys Val Ile Lys Ser Tyr Tyr Gly Thr Met Ile Leu Met Ile Ser Glu Cys Ser Val Gly Ile Leu His Tyr Glu Lys
20 25 30 20 25 30
Asp Ile Lys Lys Ile Asn Glu Gly Leu Leu Asp Ser Lys Ile Leu Ser Leu Ser Lys Ile Gly Leu Val Lys Gly Val Thr Arg Lys Tyr Lys Ile
35 40 45
15 40 s

Ala Phe Asn Thr Val Ile Ala Leu Leu Gly Ser Ile Val Ile Ile Val

oo pos o Lys Ser Asn Pro Leu Thr Lys &sp Ile Val Ile Lys Met Ile Pro Asn

50 55 60

Met Asn Tle Met Tle Ile Gln As Thr Arg Ser Thr Asp Asn GL
st Asn Ile Met Ile Ile Gln Asn Tyr Thr Arg Ser Thr Asp Asn Gin Val Ser Asn Met Ser Gln Cys Thr Gly Ser Val Met Glu Asn Tyr Lys

&5 70 75 20
€5 70 75 80

Ala Val Ile Lys Asp Ala Leu Gln Gly Ile Gln Gln Gln Ile Lys Gly
85 30 95 Thr Arg Leu Asn Gly Ile Leu Thr Pro Ile Lys Gly Ala Leu Glu Ile

85 90 95

Leu Ala Asp Lys Ile Gly Thr Glu Ile Gly Pro Lys Val Ser Leu Ile

100 108 110 Tyr Lys Aen Asn Thr His Asp Leu Val Gly Aep Val Arg Leu Ala Cly
100 105 110

Asp Thr Ser Ser Thr Ile Thr Ile Pro Ala Asn Ile Gly Leu Leu Gly

115 120 125 vVal Ile Met Ala Gly Val Ala Ile Gly Ile Ala Thr Ala Ala Gln Ile
115 120 125

Ser Lye Ile Ser Gln Ser Thr Ala Ser Ile Asn Glu Asn Val Asn Glu

130 135 140 Thr Kla Gly Val Ala Leu Tyr Glu Ala Met Lys Aen Ala Aep Asn Ile
130 135 140

Lys Cys Lys Phe Thr Leu Pro Pro Leu Lys Ile His Glu Cys Asn Ile
145 150 155 160 RAsn Lys Leu Lys Ser Ser Ile Glu Ser Thr Asn Glu Ala Val Val Lys
145 150 155 160

Ser Cys Pro Asn Pro Leu Pro Phe Arg Glu Tyr Arg Pro Gln Thr Glu

185 170 175 Leu Gln ¢lu Thr Ala ¢lu Lys Thr Val Tyr val Leu Thr Ala Leu ¢ln
Gly val Ser Asn Leu Val Gly Leu Pro Asn Asn Ile Cys Leu Gln Lys 165 170 175
180 185 1%0

Asp Tyr Ile 2sn Thr Asn Leu Val Pro Thr Ile Asp Lys Ile Ser Cys

Thr Ser Asn Gln Ile Leu Lys Pro Lys Leu Ile Ser Tyr Thr Leu Pro ig0 185 190

195 200 208

Lys Gln Thr Glu Leu Ser Leu Asp Leu Ala Leu Ser Lys Tyr Leu Ser

Val Val Gly Gln Ser Gly Thr Cys Ile Thr Asp Pro Leu Leu Ala Met 195 200 205

210 215 220

Asp Leu Leu Phe Val Phe Gly Pro Asn Leu Gln Asp Pro Val Ser Asn

Asp Glu Gly Tyr Phe Ala Tyr Ser His Leu Glu Arg Ile Gly Ser Cys 210 215 220

225 230 235 240

1

Ser Met Thr Ile Gln Ala Ile Ser Gln Ala Phe Gly Gly Asn Tyr Glu

Ser Arg Gly Val Ser Lys Gln Arg Ile Ile Gly Val Gly Glu Val Leu
A ! hd ¥ v 225 2320 235 240

245 250 255

Thr Leu Leu Arg Thr Leu Gly Tyr Ala Thr Glu Asp Phe Asp Asp Leu
Asp Arg Gly Asp Glu Val Pro Ser Leu Phe Met Thr Asn Val Trp Thr

260 265 270 245 250 bl
Mot He .
Pro Pro Asn Pro Asn Thr Val TyT His Cys Ser Ala Val Tyr Ron Asn Leu Glu Ser Asp Ser Ile Thr Gly Gln Ile Ile Tyr Val Asp Leu Ser
275 280 265
260 265 270

Glu Phe Tyr Tyr val Leu Cys Ala val Ser Thr val Gly Asp Pro Ile

290 295 200 Ser Tyr Tyr Ile Ile Val Arg Val Tyr Phe Pre Ile Leu Thr Glu Ile

275 280 285

Leu Rsn Ser Thr Tyr Trp Ser Gly Ser Leu Met Met Thr Arg Leu Ala
Gln Gln Ala Tyr Ile GIn Glu Leu Leu Pro Val Ser Phe Asn Asn Asp
290 285 300

Val Lys Pre Lys Ser Asn Gly Gly Gly Tyz Asn Gln His Oln Lew Ala Zen ger Glu Trp Ile $exr Ile Val Pro Asn Phe Ile Leu Val 2rg Asn

325 330 338 305 ERT) 315 320
Leu Arg Ser Ile Glu Lys Gly Arg Tyr Asp Lys Val Met Pro Tyr Gly Thr Leu Ile Ser Asn Ile Glu Ile Gly Phe Cys Leu Ile Thr Lys Arg
240 345 350 325 330 a3s
Pro Sexr Gly Ile Lys Gln Gly Asp Thr Leu Tyr Phe Pro Ala Val Gly Ser Val Ile Cys Asn Gln Asp Tyr Ala Thr Pro Met Thr Asn Asn Met
355 260 265 240 345 350

Phe Leu Val Arg Thr Glu Phe Lys Tyr Aen Asp Ser Asn Cys Pro Ile Arg Glu Cys Leu Thr Gly Ser Thr Glu Lys Cys Pro Arg Glu Leu Val

370 375 380
355 360 365

Thr Lys Cys Gln Tyr Ser Lys Pro Glu Asn Cys Arg Leu Sexr Met Gly

385 390 395 400 Wal Ser Ser His Val Pro Arg Phe Ala Leu Ser Asn Gly Val Leu Phe
370 375 180

Ile Arg Pro Asn Ser His Tyr Ile Leu Arg Ser Gly Leu Leu Lys Tyr
405 410 415 Ala Rsn Cys Ile Ser Val Thr Cys Gln Cys Gln Thr Thr Gly Arg Ala
385 390 395 400

Asn Leu Ser Rop Gly Glu Asn Pro Lys Val Val Phe Ile Glu Ile Ser

az0 azs 430
Ile Ser Gln Ser Gly Glu Gln Thr Leu Leu Met Ile Asp Asn Thr Thr
Asp Gln Arg Leu Ser Ile Gly Ser Pro Ser Lys Ile Tyr Asp Ser Leu 405 410 415
435 410 a1s
Cys Pro Thr Ala Val Leu Gly Asn Val Ile Ile Ser Leu Gly Lys Tyr
Gly Gln Pro Val Phe Tyr Gln Ala Ser Phe Ser Trp Asp Thr Met Ile 220 425 430
450 455 460
Leu Gly Ser Val Aen Tyr Asn Ser Glu Gly Ile Ala Ile Gly Pro Pro
Lys Phe Gly Asp Val Leu Thr Val Aen Pro Leu Val Val Asn Trp Arg e 440 145
185 470 475 180

Asn Asn Thr Val Tle Ser Arg Pro Gly Gln fer Gln Cys Pro Arg Phe val Phe Thr Asp Lys Val Asp Ile Ser Ser Gln Ile Ser Ser Met Asn

se5 290 P 450 455 150
Asn Thr Cys Pro Glu Ile Cys Trp Glu Gly Val Tyr Asn Asp Ala Phe Gln Ser Leu Gln Gln Ser Lys Asp Tyr Ile Lys Glu Ala Gln Arg Leu
500 505 510 165 470 475 430
Leu Ile Asp Arg Ile Asn Trp Ile Ser Ala Gly Val Phe Leu Asp Ser Leu Asp Thr Val Asn Pro Ser Leu Ile Ser Met Leu Ser Met Ile Ile
515 520 525 a85 290 295
Aen 22 Thr Ala Glu Aen E;‘; val phe Thr val ?‘12 Lys Asp Aen Glu Leu Tyr Val Leu Ser Ile Ala Ser Leu Cys Ile Gly Leu Ile Thr Phe
500 505 510
Ile Leu Tyr Arg Ala Gln Leu Ala Ser Glu Asp Thr Asn Ala Gln Lys
sa5 550 555 560 Ile Ser Phe Ile Ile Val Glu Lys Lys Arg Ren Thr Tyr Ser Arg Leu
515 520 525
Thr Ile Thr Asn Cys Phe Leu Leu Lys Asn Lys Ile Trp Cys Ile Ser
565 570 578 Glu Asp Arg Arg Val Arg Pro Thr Ser Ser Gly Asp Leu Tyr Tyr Ile
530 535 540
Leu Val Glu Ile Tyr Asp Thr Gly Asp Asn Val Ile Arg Pro Lys Leu
580 585 590 o1y Thr
545

Phe Ala Val Lys Ile Pro Glu Gln Cys Thr
595 &00

64



12 Hendra ¥ Nipah HIO[2{A ZHS CHH|SH A
ooug | KR 10-2023-0039766 A SixfERIRt |
e (2023.03.21) (=x)
_ | 10-2023-7008241 Z90I . .
SHHS Zoetis Services LLC(US
= (2018.12.18) (2% (S
A}E Pl il Z‘._S—)—'>|7||7_I'
S = Oy |
KR EP JP CN
wee | Tzt Us
=7} = (IP5=2717|%) AAE | AME | AR | aE | Az
SgE2 | A JlEEE2 | 1.1.2-a
Hendra T= Nipah HIO|2{A ZHUCZEEH HEE Qf= S22 HE5H= WH0| 0N, 0] WS A
oot S0 Y F0iR0| HAIS E0SHE S LEIGI0), A7| HAIC THS S TS5t W/O ool eits
= JHAIBICE: Hendra 3t E= Nipah @"% TEGl= BH AR 9 QU CIIJ0|R Ut L CpGE Hét
St HYAE S22 EE OIFHE(adjuvant).
7818 (HEETY)
QIZH0| OfH ZSS0IH T S0l W/O OZFOI BIAS EOGH= 24 HEK6HE, A7| HiAIO|
a) i) MY #1S 1201 CHoH] Z|ASH95% oeé OH|.eAt MY = 0[2] Of|'At 73 LHX| 6045 Z&i5H=
Hendra &H0|E|, HAE Of0|ME ME S 12 &= 0|9Q) Of0|LAt 73 LHK| 6042t H| w5 E&H
=0 75t OF X|2t=| Z10! Hendra &, = i) MY S 110 CHSHO] E|ASH95% SUSH OOl At MY E=
TSNS 019 oAt 71 LHX| 6025 HEKGH= Nipah SHM0|E|, HIZAT OHI|L AR MY S 11 EE 0[9]
OfO|.eAt 71 LHX| 6029t H|w5l BEMOZ X|2t=l 2491 Nipah ! & HBloh= &9l A2 o
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Met Pro Ala Glu Asn Lys Lys Vai Arg Phe Giu Asn Thr Thr Ser Asp
Lys Gly Lys Ile Pro Ser Lys Val lle Lys Ser Yyr Tyr Gly Thr Met
Asp He Lys Lys Ha Asn Glu Gly Leu Leu Asp Ser Lys He Leu Ser
Ala Phe Asn Thr Val He Ala Leu Leu Gly Ser lle Va! lie lie Val

Met Asn lie Met Hie He Gin Asn Tyr Thr Arg Ser Thr Asp Asn Gin
Ala Val lle Lys Asp Ala Leu Gin Gly lle Gin Gln Gl le Lys Gly

Leu Ala Asp Lys lle Giy Thr Glu lie Gly Pro Lys Val Ger Leu llg
Asp Thr Ser Ser Thr lla Thr lle Pro Ala Asnlle Gly Leu Leu Gly

Ser Lys lle Ser Gln Ser Thr &la Ser lie Asn Glu Asn Val Asn Glu
Lys Cys Lys Phe Thr Leu Fro Pro Leu Lys Hle His Glu Cys Asn lis
Ser Cys Pro Asn Pro Leu Pro Phe Arg Glu Tyr Arg Pro Gin Thr Glu
Giy Val Ser Asn Leu Val Gly Leu Pro Asn Asn Hle Cys Leu GinLys
Thr Ser Asn Gin lle Leu Lys Pro Lys Leu lie Ser Tyr Thr Leu Pro
Val Val Gly Gin Ser Gly Thr Cys ile Thr Asp Pro Leu Leu Ala Met
Asp Glu Gly Tyr Phe Ala Tyr Ser His Leu Glu Arg lle Gly Ser Cys
Ser Arg Gly Vai Ser Lys Gin Arg He lle Gly Val Gly Giu Val Lau
Asp Arg Gly Asp Giu Val Pro Ser Leu Phe Met Thr Asn Val Trp Tir
Pro Pro Asn Pro Asn Tar Val Tyr His Cys Ser Ala Val Tyr Asn Asn
Giu Phe Tyr Tyr Val Leu Cys Ala Vail Ser Thr Val Gly Asp Pro He
Leu Asn Ser Thr Tyr Trp Ser Gly Ser Leu Met Met Thr Arg Leu Als
Val Lys Pro Lys Ser Asn Giy Gly Gly Tyr Asn Gin His Gin Leu Ala
Leu Arg Serlle Glu Lys Gly Arg Tyr Asp Lys Vai Met Pro Tyr Gly
Pro Ser Gly He Lys Gin Gly Asp Thr Leu Tyr Phe Pro Ala Val Gly
Phe Leu Val Arg Thr Giu Phe Lys Tyr Asn Asp Ser Asn Cys Prolle
Thr Lys Cys Gln Tyr Ser Lys Pro Glu Asn Cys Arg Leu Ser Mel Giy
lle Arg Pro Asn Ser His Tyr lie Leu Arg Ser Giy Leu Leu Lya Tyr
Asn Leu Ser Asp Gly Glu Asn Pro Lys Val Vai Phe lie Glu lle Ser
Asp Gin Arg Leu Ser Hle Gly Ser Pro Ser Lys te Tyr Asp Ser Leu
Giy Glin Pro Vai Phe Tyr GIn Ala Ser Phe Ser Trp Asp Thr Met lle
Lys Phe Gly Asp Val Leu Thr Val Asn Pro Leu Val Val Asn Trp Arg
Asn Asn Thr Val lle Ser Arg Pro Gly Gin Ser Gin Cys Pro Arg Phe
Asn The Cys Pro Giu tHle Cys Trp Glu Gly Val Tyr Asn Asp Ala Phe
Leu He Asp Arg lie Asn Trp lie Ser Ala Gly Val Phe Leu Asp Ser
Asn Gin The Ala Glu Asn Pro Val Phe Thr Val Phe Lys Asp Asn Glu
lle Leu Tyr Arg Ala Gin Leu Ala Ser Glu Asp Thr Asn Ala Gin Lys
Thr He Thr Asn Cys Phe Leu Leu Lys Asn Lys He Trp Cys ile Ser
Leu Vai Glu lie Tyr Asp Thr Gly Asp Asn Vai lle Arg Pro Lys Leu

Phe Ala Val Lys |le Pro Glu Gln Cys Thr
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VIRUS-LIKE PARTICLES AND USES THEREOF

US 2022-0184200 A1 =
(2022.06.16) (=)

Eyard GEORGIA STATE UNIVERSITY RESEARCH

=9 17/441588 (2020.03.20) @x) FOUNDATION, INC.(US)
AAE =1 |
o)=Y
2|27} KR us EP JP CN
3 (IP5=7PI®) | - ANS | MAES - -
A JleEs | 1.1.2-b

Provided herein are virus-like particles and their uses for stimulating anti-pathogenic and
anti-cancer immune responses.

1
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0%

1. A virus—like particle (VLP) comprising:
a. a surface protein;
b. a matrix protein;

c. a polypeptide that enhances an immune response, wherein the polypeptide is a
polypeptide adjuvant and wherein the polypeptide is linked to the surface protein, the
matrix protein, or an intra-VLP protein.

15. The VLP of any one of claims 1-14, wherein the surface protein comprises a viral surface protein.

39. The VLP of any one of claims 15-27, wherein the viral surface protein is a henipavirus
glycoprotein.

40. The VLP of claim 39, wherein the henipavirus glycoprotein is a Nipah virus F protein or
a Nipah virus G protein.

41. The VLP of claim 39 or 40, wherein the viral matrix protein is a Nipah virus matrix (M) protein.

42. The VLP of claim 41, wherein the viral nucleoprotein is Nipah virus NP or a fragment thereof.
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o
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== o = Lo OIMO T O ==
« & Sol= HIOIZA RAIRJXHVLP)ZL BIO[2IA0] HIgH M2 W2 HARYES = =0l 7|E510,
oo 5 [ = T=l=| = o=
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=== = =1 =
« 2713} AOI VLPE 451 2t ERPRIED! TS, DERIA SRS S EREN0] LT} BlOf2tA Chyel
A oo = o
= US2 7Motdl AS
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[ 1]
Matrix protein nucleoprotein glycoprotein Matnx protein nucleoprotein glycoprotein
VP4 Ebola virs NP Ebola virus GP Nipah virus Nipah virus Nipah virus fusion (F)
Vian other filovirus NP other filovirus GP matrix protein nucleoprotein and/or glycoprotein (G)
VP40 Ebola virus NP Arenavins GP (M)
VPao Ebola virus NP paramyxovirus (including SEPITATOT ERPITATOTY SYNCYTAl RespITAOry SyNCyTil Vinis
henipaviruses) glycoproteins syncytial virus vins nucleoprotein  fusion and'or glycoprotein
VP40 Ebola virus NP preumovirus (including matrix protein
rvsrir.nrrjr_sync_ﬂul virus) Other Other paramyxovirus Other paramyxovims fusion
glycoproteins paramyxovins nucleoprotein and/or other paramyxovirus
VP40 Ebola vims NP influenza virus matrix (M)} glycoprotein
hemagglutinin and or Lassa vinis Z Lassa virus Lassa virus glycoprotein
neuraminidase protein nucleoprotein
VP40 Ebola virus NP chimeric Ebola vims/other Other arenavims Other arenavirus Other arenavirus
vitus glycoprotein to Z protein mucleoprotein glycoprotein

enhance inc ration 1nto
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COMPOSITIONS COMPRISING SELF-ASSEMBLING VACCINES AND METHODS OF
USING THE SAME
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The disclosure generally relates to compositions comprising self-assembling vaccines and
methods of using the same. The disclosure provides compositions comprising an expressible
nucleic acid sequence comprising a first nucleic acid sequence encoding a self-assembling
polypeptide or a pharmaceutically acceptable salt thereof and a second nucleic acid sequence
encoding a viral antigen or a pharmaceutically acceptable salt thereof. The disclosure further
provides compositions comprising an expressible nucleic acid sequence comprising a first
nucleic acid sequence encoding a self-assembling polypeptide or a pharmaceutically
acceptable salt thereof and a second nucleic acid sequence encoding a CD40 ligand
polypeptide. Methods of using any of the disclosed compositions are also provided.
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1. A composition comprising an expressible nucleic acid sequence comprising: a) a first nucleic
acid sequence encoding a scaffold domain comprising a self assembling polypeptide; and
b) a second nucleic acid sequence encoding a viral antigen, and optionally, wherein the

expressible nucleic acid sequence is free of a nucleic acid sequence encoding a leader
sequence.

4. The composition of any of claims 1 through 3, wherein the viral antigen is an antigen from
a retrovirus, flavivirus, Nipah virus, West Nile virus, human papillomavirus, respiratory
syncytial virus, filovirus, zaire ebolavirus, Sudan ebolavirus, marburgvirus or influenza virus,
or any virus disclosed in Table 1.

39. A vaccine comprising a polypeptide comprising: a) a scaffold domain comprising a
self-assembling polypeptide; and b) an antigen domain comprising a viral antigen, and
optionally, wherein the vaccine is free of a leader sequence.

42. The vaccine of any of claims 39 through 41, wherein the viral antigen is an antigen from
a retrovirus, flavivirus, Nipah virus, West Nile virus, human papillomavirus, respiratory
syncytial virus, filovirus, zaire ebolavirus, Sudan ebolavirus, marburgvirus or influenza virus,
or any virus disclosed in Table 1.

+ & E5{= self-assembling HM% BHGH= TNZ U Aol WO Bet 2O, TS THHoE

X} S| BIEIOI=(0): 7, 24, 60 % 180-menS QIRH5t= oHI NG 2gokS
|i”t 10| £0{0] Of3f RIBSHOR O B-U T-Al
@) ATHEE EOIIZ QIFHGH= H1 St A Y b)
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0
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7tSSt st MBS Helohs RES0| et AY. 47| U JiST st MEE
= S ME0| AS 2k S & US(“optonally”)

st 4 A7| HIO[ZA SR2 retrovirus, flavivirus, Nipah virus, West Nile virus, human
paplllomawrus, respiratory syncytial virus, filovirus, zaire ebolavirus, Sudan ebolavirus,
marburgvirus &= influenza virus22E2| &0 A8 EXOZ o= XME

2 E5{9| MAM[0OIM= DLnano_LS_GT8(eOD- GT8CZ &A= DNA-7HAIE f&c OIX}) E= DLmono_
GT8(HZA)Z Hsi= BALB/c ORA, CD1 OIRA 2 7S THAOZ ASIE TGt CD1 OIRAQ|
42 DlLnano_LS_GT80| Chall O tiE SExet U o Zefst HES HEGI¥S. BALB/c OrRAL 42
A 2 231 BE0A DLnano_LS_GT80| DLmono_GT80H| Hlol MYl HSS R2lokA| SHAIZS &0l
7|Um|79] B2 Dlnano_LS_GT89 = 50pg I|Lf HHAMEE AlZt ZM0)| M2t DLmono_GT8ECt
7dpi & 1.2-log B =2 A 7 TS Ao RS =g
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Nipah virus — Construct 1. NivFtop_stab2_gMax_Nt_60mer; Entire Expressible Nucleic Acid
Sequence for Nipah Virus antigen with 60mer Self-Assembly (SEQ ID NO: 33)

atggactggacctggattetgttectggtggeegecgecacaagggtyc tacgaaggaaaactgaccgctga;

ggactgaggticggaattgtcgcaagec acgcactggtggataggetggtggaaggegctatcgacgcaatigtecgg
cacggegggagagaggaagacalcacaclgglgagagliclgeggeagelgggagaticeeglggeageiggagaactggelcgaa
aggaggac 1gggglec 88a8CaaClC ac

aggggctggctgatetgtecelggagetgaggaaacctateactitiggegtgattactgecgacacectggaacaggeaatcgagge

SEQ ID NO: 33 ggceggeacetgecalggaaacaaaggetgggaageage ggcanatctgttc: c9aggagg
(60mer I|-7|- _{E% O|g.3l_} clecggaggaletggagggagtggaggeicaggaggaggeggggtcactigigecggacgagecateggaaatgctacegeege
steio| M c cogg occgacaac
L|]1}‘ |-0|E-| °O E) cgaggeegtggtgaagetgcaggagacage \gtgtacgtgetgacagecctgcaggactatatcaacaccaatetgg
tgeccacaale agelgeaageagaccgaggeateectggacgeegeectglecaagtacetgtetgatetgetgtacgt
gtteggeeccaa cCC tatgectatc {ctcaggecticggeggeaactacageaccect;

ctgaggacactgggetatgecccagaggactttgacgatetgetggagagegaticeatcacaggecagatcatctacgtggacctgt
ctagctactatatcatcgtgagagtgtattttccaaatggetecggeccectgaccaaggatategtgate cccaacgtgte

00 tctet ‘ggmm.u nggc[gaalgg. AtC tatc Mgggcgccclgga
gatctataagaataactgtcacgatggatgataa

Construct 2 - NivFtop_stab2_gMax_Ct_60mer; Entire Expressible Nucleic Acid Sequence
for Nipah Virus Antigen with 60mer Self-Assembly (SEQ ID NO: 37)
atggactggacctggatteigticctggtggecgeegecacaagggtgeacageggggteactigtgecggacgagecatcggaaat
getaccgeegeecagatiactgecggagtegecciglatgaagecatgaagaatgecgacaacatcaataagetgaagagetecate
gagageaccaacgaggeegiggigaagetgeaggagacagecgagaagacagtgtacgtgetgacageeetgeaggactatatca
acaccaatctggtgeccacaategataagatcagetgeaageagacegaggeateectggacgeegeectgtecaagtacetgtetg

atetgetgtacgtgticggecccaacctgagegacceegtgageaatictagectatecaggeeatetcicaggecticggeggeaac
SEQ ID NO: 37

(60mer X7t =%
LT} HO[2{A SHHO| CHet
A US7tSSH ikt M)

tacagcaccetgetgaggacacigggetatgeeccagaggactiigacgatetgctggagagegaticeatcacaggecagateatct

I'LI|0
N
on Tl

acgtggacctgtctagetactatatcategtgagagtatatitccaaatggeteeggeecccigaccaaggatategtgatcaagatgat
ceccaacgtgtctaatatgagecagtgtacaggetetgteatggagaactacaagaccaggetgaatggeateetgacacctateaag
ggegecctggagaictataagaataactgteacgatggaggaggetecggaggaletggagggagtogaggcicaggaggaggca
{gcagatctacgaaggaaaactgacegelgagggacigaggticggaatigiegeaageegegegaatcacgeactggtagatagg

clggtggaaggegctategacgeaatigtecggeacggesg atcacactggtgagagicigeggeageiggg
agaticeegtggeagelggagaactggelcgaaaggaggacategatgeegtgatcgelatiggggtectgteccgaggageaactc
ceagetiegactacatcgectcagaagtgageaaggggetggelgalclglecciggagetgaggaaaccatcactitiggegtgat
aclgeegacaccelggaacaggeaategaggeggecggeaccigecalggaaacaraggelgggaageagecetgtgegelatig
agatggeaaatetgticaaatctetgegatgataa
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Entire Expressible Amino Acid Sequence for Nipah Virus Antigen with 60mer Self-
Assembly (SEQ ID NO: 38)
MDWTWILFLVAAATRVHSGVTCAGRAIGNATAAQITAGVALYEAMKNADNINKLK
SEQ ID NO: 38 SSIESTNEAVVKLQETAEKTVYVLTALQDYINTNLVPTIDKISCKQTEASLDAALSKY
(60mer AP7| 22lg zH= LSDLLYVFGPNLSDPVSNSMPIQAISQAFGGNYSTLLRTLGY APEDFDDLLESDSITGQ
LT} HIO[2{A SH2d0f| CHst IYVDLSSYYIIVRVYFPNGSGPLTKDIVIKMIPNVSNMSQCTGSVMENYKTRLNGILT

TN s Isst Of|LAt M) PIKGALEIYKNNCHDGGGSGGSGGS GGSGGGMQIYEGKLTAEGLRFGIV ASRANHAL
VDRLVEGAIDAIVRHGGREEDITLVRVCGSWEIPVAAGELARKEDIDAVIAIGVLCRG
ATPSFDYIASEVSKGLADLSLELRKPITFGVITADTLEQAIEAAGTCHGNKGWEAALC
ATEMANLFKSLR
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HH A RED U Sol M 24 - LI} HHOIHA(Nipah virus) -

22 P‘WF—I FE N1-62 1 LHX| 6NO| HEHQI ME0|H, 47| 21219 N2 ME S8 H
, G ¥ C =2H MEE F3QEE EE 0%9 F2ULEE RAXZRE MEIT|H;

AHI [NO-2GN3-5]2 M2 AH| 29t GOZ MEXO|/Lt L= BEEXOZ HOZ ARHX0|H, 72|10
5 UWX| 7 #3QEIE AO[Q] HEHOI MEO|L;
71 NO-2 = 0 LHK| 2N9| A<M MAO|H, 7| 22 N2 MZ2 SEEHCZ A U, T, G & CZRE
HEtE 722 QEE E= 0158 F2YQEIE RANZRH MECH;
71 N3-b= 3 LHA| BNO| SHEXO1I MEHO|H, 7] 222 N2 M2 SBFCZ A U, T, G & CR=22H
HEiE R QEIE E= 0|59 RE2QEIE FANZRE MEEH, T2|0 47| G o=t E=
0[2] RAIMOIH, 12|17 2oF ARPUA TI49| MMl 722 QE|= AE|HO| FOIAOZ X|2tEH,
*15“3‘*& AEH E= 0|9 FARZ XlotE = AL

I M [NO-4(U/TINO-4]2 S AR AR AOJ0] YXIGHH 3 LHX| b #2|QEIES| H&X0I
A1%0|_’,
71 2249 NO-4 2 0 LHX| 4ANQ| SIEA0l MAZRE] SEMOo= MEEH, 7] 2219l N2 A, U
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Vaccine prepared utilizing human parainfluenza virus type 2 vector
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Disclosed are: a virus vector in which a gene encoding an antigenic polypeptide is integrated
in human parainfluenza virus type 2 gene, wherein the antigenic polypeptide is expressed in
the form of a fusion protein with a viral structural protein; and a method for producing the
same. The virus vector of the present invention contains a quantitatively large amount of the
antigenic peptide on the virus particle and can efficiently deliver the antigenic polypeptide to
a target cell.
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1. A virus vector in which a gene encoding an antigenic polypeptide is integrated in a gene
of an F protein-defective human parainfluenza virus type 2, wherein the antigenic
polypeptide is expressed in the form of a fusion protein with a viral structural protein or
a portion thereof, and the virus vector requires that F protein be supplied in trans by a
packaging cell in order to produce virus particles having infectious ability, wherein the F
protein—defective virus lacks F gene or an extramembrane domain of the F gene.

8. The virus vector according to claim 1, wherein the antigenic polypeptide is any one or more
selected from:
the group consisting of an antigenic peptide of a virus selected from influenza viruses
including a highly virulent influenza virus, parainfluenza virus type 3, RS virus, Hendra virus,
SARS virus, Nipah virus, Lassa virus, West Nile virus, human
metapneumovirus, Ebola virus, hantavirus, AIDS virus, hepatitis C virus, Lassa virus, human
papillomavirus, rubella virus, rotavirus, norovirus, Crimean-Congo hemorrhagic fever virus,

dengue virus,

herpesvirus, cytomegalovirus, and papillomavirus;

the group consisting of an antigenic peptide of a bacterium selected from the group A
beta—hemolytic  streptococcus, Mycobacterium  tuberculosis, Vibrio cholerae, and
mycoplasma; and

the group consisting of cancer antigens gp100, MUC1, NY-ESO-1, MelanA/MART1, TRP2,
MAGE, CEA, CAI25, HER2/neu, WT1, and PSA, or fragment(s) thereof
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NUCLEIC ACID VACCINES

EP 3081437 A1 (20220413 | CAmeRt
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2021-191353 (2015.04.23) ModernaTX, Inc.(US)
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B SRR 1.3.1

The invention relates to compositions and methods for the preparation, manufacture and
therapeutic use ribonucleic acid vaccines (NAVs) comprising polynucleotide molecules
encoding one or more antigens.

1. A nucleic acid vaccine, comprising: one or more messenger RNA (mRNA) polynucleotides
having an open reading frame encoding at least one antigenic polypeptide, wherein the at
least one antigenic polypeptide is a protein from an infectious agent, wherein the
infectious agent is a strain of virus, and wherein the one or more mRNA polynucleotides
are formulated in a lipid nanoparticle comprising a molar ratio of 40-60 % cationic lipid,
1-2 % PEG-modified lipid, 30-50 % structural lipid and 5-15 % non-—cationic lipid.

10. The vaccine of any one of claims 1-5, wherein the infectious agent is a strain of virus
selected from adenovirus; Herpes simplex, type 1, Herpes simplex, type 2; encephalitis
virus, papillomavirus, Varicella—zoster virus; Epstein—barr virus; Human cytomegalovirus;
Human herpesvirus, type 8; Human papillomavirus; BK virus; JC virus; Smallpox; polio
virus, Hepatitis B virus; Human bocavirus; Parvovirus B19; Human astrovirus; Norwalk
virus; coxsackievirus; Hepatitis A virus; rhinovirus; Severe acute respiratory syndrome
virus; Hepatitis C virus; yellow fever virus; Dengue virus; West Nile virus; Rubella virus;
Hepatitis E virus; Human immunodeficiency virus (HIV); Influenza virus, type A or B;
Guanarito virus; Junin virus; Lassa virus; Machupo virus; Sabia virus; Crimean—Congo
hemorrhagic fever virus; Ebola virus; Marburg virus; Measles virus; Mumps virus;
Parainfluenza virus; Respiratory syncytial virus; Human metapneumovirus; Hendra virus;
Nipah virus; Rabies virus; Hepatitis D; Rotavirus; Orbivirus; Coltivirus; Human Enterovirus:
Japanese encephalitis virus: Vesicular exanthernavirus; Eastern equine encephalitis;
Hantavirus; Middle East Respiratory Coronavirus; Chikungunya virus or Banna virus.
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METHOD FOR PRODUCING SELF-ASSEMBLING PARAMYXOVIRAL NUCLEOCAPSID-LIKE

4
PARTICLES AND THEIR USES
Commissariat A L'Energie Atomique
- SR} Et Aux Ene_rgms Alternatives(FR),
=olts EP 3464330 B1 (2022.08.03) Centre National De La Recherche
=3 .
Scientifique(FR),
Universite Grenoble Alpes(FR)
Commissariat A L'Energie Atomique
zo0| Et Aux Energies Alternatives(FR),
SHHS | 2017-729091 (2017.06.06) =cs Centre National De La Recherche
=5 .
Scientifique(FR),
Universite Grenoble Alpes(FR)
AMEEE S= =L 2037.06.06
o e (PGRIEDT e
Iz 5 2227} KR us EP JP CN
=/t & (IP5=2717 %) - sz == _ _
S B et 1.1.2-b
The invention pertains to the domain of virology of Paramyxoviruses. The invention concerns
a method for producing self-assembling paramyxoviral particles and a method for identifying
Q0F a compound able to inhibit the replication or the transcription of a Paramyxovirus. The
invention also pertains to the nucleocapsid-like particles obtainable by the method of the
invention and their use for biotechnological and pharmaceutical applications.
Method for producing self-assembling paramyxoviral nucleocapsid-like particles comprising the
steps of :
a. Co—expressing recombinant N and P peptides in order to allow the formation of N°P complexes
wherein:
FQATLSE i. N peptide comprises at least the NCORE domain including the CTD arm and NTD arm, and
ii. P peptide comprises at least the N-binding domain, and purifying N°P complexes;
b. Adding a given specific RNA molecule of interest to N°P complexes wherein said RNA
molecule comprises at least 6 nucleotides and is not a poly-U homopolymer; and c.
Recovering the resulting nucleocapsid-like particles.
* =2 Sof= U 3 =2t Hi0]2HA S M2tA HI0[2{A ESH0| Ci5h Wil JHA0| |3t F22QUAE
(NC)-SAL UXE MASt= 7180 et XY
=51 L2 + P A Q20| HEIO|=2t NO| 2At 2Rl N°P SA|2t RNAS EESI0 NC fAH UXIE MAGHH,
- Ofmy LIt HRO|HA0 HEol7| ol ARBE 4= U= NHENO|IE H PHE|E AIEAO CHoli 2l=ofdl
[e) k=X
« OO F7E 3 A0 HoilME 29H0[A Faie] NC FAF 2AF MA0| HIFZISS 7|Riotl =2
By For Nipah, the claimed method can be carried out using the following sequences:
HIO|MA | For N peptide, the full-length protein (1-532) corresponds to SEQ ID NO: 15.
ME SEQ | One could use either the amino acids 1-532 of the full-length protein or the amino acids
Ehed 1-400 corresponding to the folded domain.
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For P peptide, one could use a peptide including the minimal N-binding domain which
corresponds to residues 1-50 of the total P peptide represented by SEQ ID NO: 16. The

peptide consisting of the residues 1

-50 of the P peptide is represented by SEQ ID NO: 17.

SEQ ID NO: 15

SEQ ID NO: 16
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Methods for Introducing Mutations That Alter the Probability of Intranucleic Acid Base Pairing
of a Conserved Structured Nucleotide and Related Compositions
SARHFHIRY

US 2021-0174900 A1 (2021.06.10 -
( ) @xm)

Eyebdl
17/075690 (2020.10.20) (=x) Curelab, Inc.(US)
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Wy | KR US| EP | UP | CN

(IP5=717 1) - 7| - - _

B lEER 1.1.3-b

The present invention relates generally to methods for introducing mutations that alter the
probability of intranucleic acid base pairing of a conserved structured nucleotide in a nucleic
acid. The present invention also provide methods for making mutant pathogenic organisms
suitable as live attenuated vaccines, animal and human diagnostics, and for identifying suitable
drug targets.
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1. A method of introducing a mutation into a nucleic acid that alters the probability of
intranucleic acid base pairing of a conserved structured nucleotide comprising: a) introduction
of a mutation at an identity conserved nucleotide position i, 0<KL;+1, wherein L; is the length
of the nucleic acid sequence, in the nucleotide sequence corresponding to said nucleic acid;
b) determination of the probability of intranucleic acid base pairing for a structure conserved
nucleotide position j, 0<j<Lj+1, in said nucleic acid sequence in the presence of the mutation
(Pm); ¢) comparison of Pm to a threshold probability of intranucleic acid base pairing for a
structure conserved nucleotide position j in said nucleic acid sequence comprising: i)
Comparison of Pm to Pmin wherein Pmin is a minimum threshold probability of intranucleic
acid base pairing for a structure conserved nucleotide position j in said nucleic acid sequence;
or, ii) Comparison of Pm to Pmax wherein PmaX is a maximum threshold probability of
intranucleic acid base pairing for a structure conserved nucleotide position j in said nucleic acid
sequence; wherein if Pm{Pmm or Pm)Pmax said mutation is identified as a structure
conserved altering mutation; and, d) introduction of said mutation into said nucleic acid when
said mutation is a structure conserved altering mutation.
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« 2 Eol= SHH0IE 6| St MESt FEQE0|E FAS AlHEels YR &5t Ae
e AR S2H|QE|IES QIERK-Z @M Intranucleic Acid) €7| HIO{ZIC| S22 HAAF|
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o3 KR 10-2023-0053008 A SR |
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e =200l
EHHS 10-2022-7046214 (2021.05.27) (=x) CUREVAC SE(DE)
AepEs | 59 Z=£7|7t ~
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| meeEt | KR | US [ EP | JP | CN
2l 4 (Pe7pl) | 29 | " [ Aas| - | 3¥
sg== |8 JgEE [ 1.13b
2 9o S5 FIRLH0[IA, HIZIEBPIE MR T2UHI0[RARSEO] H0IE SiLIo| SRk BE|S
E= CHIRIS OIAYSHE HOJE SiLio| sl U F7I0| TRLI0RIA, HISS0] QBRI Hio[2{A
= RSV HIO|HARSEIS] H0{= 5iLIO]| Bieky HEIO|C = HHMIES QITY5H= HOIE SiLto] st
TEIGH= OfstA] ZAS0| BEH Z0ICH 20N HBES OfBia 2L HojE SjLto] I2LHI0[RIA
Q0 | Y Y HoIE SiLto F7} HIORA UHO| X = GO ARZSE(0] EGHT, TRt X8 iAo
HEtE 4 QICt QSIE| RNS U X HAIO] A MBS BRSPS S G|, CIY0|2Y Cetl
E= HEOIS, £ XIE UUR(LNP)Q SISHEICt 2 WHe E3t of5iE xN2 U AF #hlof 13}
U 2R L £V} OJ5tE| B, Y FZULHI0RIA Y L F7} HIORIA AYS KB E= OlYsts Lo
Bt Z0|ct
Has 13 (HERTE
- HOI= SiLtQ| FRLIHIO[RARSE METPLt B Q2UE HOIE SILtQ| S HEI|= E= Tl
EE= 0[0] HOIN THH E PIoIRlY HOIRIS QITYSHE HOIT sl IY NS Tkl Moz
siLtol siAte mBlS= EoIE SiLio] A4 A U
- HOIE GiLtO] F7} HIOIMAZRE MTPLL £ QE Ho| S1L1| Sieky HE|S & Chifxl
= 0[0] MY THH EE PIoiRlY BOIRIS QT st MOl Sl T MBS E3sls Hojs
siLte) shile mEBH MOIT SiLte] TARA BES HESIAL 0|2 TAE OBl XA
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R3O QOIN, 47| T4 BO| MOIT iLte] £7} BIO[2IAL HOJE BiLte| A0[st BRLIBIO[RIA,
O oiLto| QIZEZMX} HIO|2HA, MO T olLte| L2 H|2|HI(Pneumoviridae) HIO|HA, SI/E= MO
BiLte| If2tS|AB[2|c(Paramyxoviridae) BIOZIAREE] MelEl= ofsiy X2,

H73 833
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< RE AL Jfar A| CISTH 22 2RDE QIS WAl M2 T2 AQA0 HS M2 SHEX| o2
M2 T 0f2i2, M2 CI2 HAlo] MES HIHKOZ 51| Y3t M2 CI2 WAl HE 74 T 1
QI0jE ZE HAlo| DE MEO0| FRHOI HOHISS QEEkT T HE0| HARMSHK QAL 4
Bioj7HYS LIEHHX] Q0toF &
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10 METHOD OF ASSEMBLYING TWO-COMPONENT VIRUS-LIKE PARTICLE
=S EP 4161949 A1 (2023.04.12) BN _
T - =)
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EEHS | 2021-821883 (2021.06.09) @x) Icosavax, Inc.(US)
sEpEe | =0 A
b el (OphREY
o2 ; H2|=7t KR uS EP JP CN
=7t & (IPo=7PIE) | & - X - S
S B U 1.1.2-b
Disclosed are methods of a method of making a nanostructure, comprising adding a
component A (compA) protein to a solution comprising a component B (compB) protein under
conditions that minimize shear stress, thereby forming a compA:compB complex. Further
disclosed are methods of making a nanostructure, comprising (i) providing a first inlet fluid
stream comprising a first protein and a second inlet fluid stream comprising a second protein,
QoF and (i) contacting the first inlet fluid stream and the second inlet fluid stream to form an

outlet stream, wherein mixing of the first protein and the second protein occurs in the outlet
stream, thereby forming a protein complex comprises the first protein and the second protein.
A microfluidic mixer may be used. The methods may further comprise purifying the
compA:compB complex from excess compA, excess compB, and/or other impurities by
filtering the solution with a 1,000 kDa membrane or an equivalent thereof.
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1. A method of making a nanostructure, comprising adding a component A (comp A) protein
to a solution comprising a component B (compB) protein under conditions that minimize
shear stress, thereby forming a comp A: compB complex.

41. The method of any one of claims 1-19 or 37-40, wherein the compA protein is linked
to an antigenic protein, optionally via a linker, thereby forming a fusion protein.

42. The method of claim 41, wherein the antigenic protein is selected from HIV Env, RSV F,
EBV gp350, CMV gB, CMV UL128, CMV UL130, CMV UL131A,CMV gH, CMV gL, Lyme
OspA, Pertussis toxin, Dengue E, SARS S, MERS S, Zaire ebolavirus GP, Sudan ebolavirus
GP, Marburg virus GP, Hanta virus Gn, Hanta virus Gc, HepB surface antigen, Measles
H, Zika envelope domain Ill, Malaria CSP, Malaria Pfs25, Nipah virus F, Nipah virus G,
Rotavirus VP4, Rotavirus VP8*, hMPV F, hMPV G, PV F, PV HN, MenB fHbp, MenB NadA,
coronavirus S protein, coronavirus RBD, and MenB NHBA.

« 2 E5{= pbVLP(Protein—based Virus-Like Particles)S X% 2 MK[ok= g0 26t 2402 L
FR7|HE BMOZ Q| AR THsE

37 12 Y& B HUEES B35k 8N
Ygohs A2 EEohs L 2A0f 2ot AY
HTE 4182 8452 A THE0| Yy HuHo| HAECEN g8 HHE WMok BiE M-lotl!
QUOM, Hst 4282 A7| gy HHEE2 HIV Env, RSV F, EBV gp350, CMV gB, CMV UL128,
CMV UL130, CMV UL13TA,CMV gH, CMV gL, Lyme OspA, Pertussis toxin, Dengue E, SARS S,
MERS S, Zaire ebolavirus GP, Sudan ebolavirus GP, Marburg virus GP, Hanta virus Gn, Hanta
virus Gc, HepB surface antigen, Measles H, Zika envelope domain I, Malaria CSP, Malaria
Pfs25, Nipah virus F, Nipah virus G, Rotavirus VP4, Rotavirus VP8*, hMPV F, hMPV G, PV
F, PV HN, MenB fHbp, MenB NadA, coronavirus S protein, coronavirus RBD, and MenB
NHBA SC=ZHE MEiE

- —

of g2 A HHES FRICZM comAicompB SRS
Zdo

AAI0| MollMd= RSV 3, hMPV &H0f CHall 7|xi5t ks
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11 VIRUS-LIKE PARTICLE VACCINES
251HS | US 2023-0000974 A1 (2023.01.05) PR
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E9HS | 17/588008 (2022.01.28) Verndari, Inc.(US)
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=7t & (IP5=717 1) - AR | ANE | 29 | ks
casgz | B 2R 1.1.2-b
Provided, herein, in certain embodiments are virus-like particles such as synthetic enveloped
VLPs or synthetic membrane VLPs. In some embodiments, the VLPs comprise a lipid bilayer.
QOF In some embodiments, the VLPs comprise a purified antigen anchored to the lipid bilayer.

Some embodiments relate to vaccines comprising the VLP, methods of using the vaccine, and
methods of making the vaccine or VLP.
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1. A virus-like particle (VLP), comprising: (a) a synthetic, semisynthetic or natural lipid bilayer;
(b) an anchor molecule embedded in the lipid bilayer; and (c) an antigen bound to the anchor
molecule.

46. A vaccine comprising the VLP of claim 1, and a pharmaceutically acceptable excipient,
carrier, and/or adjuvant.
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2 Eol= (o) B, Hetg Ex dA XE 0155, (b) A1H 0I530] LIEE W7 24X, (o) YHEXWO
Zst= SHlg HEISH VLP(virus-like particle) M, 7| VLPE Zélol= eiiat A7| BIMS ALRSH=
SO 2e A

« 7| SHE2 HIEHZ(0F S, BIOJZHA YR, QISFAUR; HUH=RE Y 4 OO, HIO[2HA 2
L|o} HIO|HA 20T Ef O] HIO|HAE HIAE &1 US

« HA| A0IME QISSQUX} B0 CHol 7|xHotl US
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