1 RECOVBI NANT NUCLECCAPSI D PROTEI N AND G GLYCOPROTEI N OF NI PAH VI RUS
Techini cdl Field of the Invention The present invention relates to the
construction of reconbi nant expression vectors 5 harbouring the

i ucl eocapsid (N) and gl ycoprotein G genes of N pah virus (NiV), and the
expression of the corresponding proteins in Escherichia coli and

bacul ovirus, _respectively. Background of the Invention Nipah virus (NV) is
the causat | ve RIFGAMBINANENUGTIOGAPSID PRATER ARD 6623 EOPRATEN Ol ci
causes respiratory and neurol ogi c %%yw and deaths in swi ne (Harcourt
et al., 2000). A recent outbreak in | aysia which claimed 105 human |ives
was controlled only after nore than 1 mllion swne in the affected areas
were cull ed Chua et _all, 2000); this nearly abolished the swi ne industry
in the count r¥echygical Kigdd of HymbwigRtion ed, si ngl e- stranded negative sense RNA

genore, Wwhi C%h%?re@%%qﬂf%tiﬁhﬁe%s%%é ld&’islﬂrru@t!i(%rp BPEe%'ofr?T'%ina}ip@x bisidlvécRors
envel oped by a prd bilayer “containing two transnenbrane ycoproteins: a
cel | recept orhdbsnpghp eotiedbdapkid (W) 288 glycop@dten & feamss 0AN{(FEh il t(Bi V), @Ghua et
al ., 2000). These glycoproteins are inplicated in an inntnnrg ction, Lining
the interior Sarspeession afhibe\GormrPeding BIECIRS 1t Wechpatchiox cq/Mpnd JragrlevRus whi ch
is believed t]?%éeicﬂﬁgﬂk]he gl ycoproteins to the viral nucleocapsid or 20

ri bonucl eopr o n P) conplex. The latter is made up of many copies of
nucl eoprotein (N) that encapsi dates the RNA genone. Associated with the RNP

are the phosghoprotein éP) and the large protein or RNA pol ynerase (L).
These three Baskesnupd of nReRtil@yed to be involved in replication as well

gfét ranscri ptkﬂa@h%ugm% hsﬁ'ﬂgé;%ﬁsf%%ﬁ&;b tagéﬁ%f}@r fheKalgra, gi‘ﬁgaﬁ\%@en %ngﬁliﬁ%,

tein is the nost, a ral” protern an € essen

conponemt of hiehkehses adspistoteathRsidodival sehdrahles and &8)s. in GueaBlargouirthe
viral proteins have been prepared by directly cul tu,ri%ig the virus on ani nal

cel | cul tures?HWeA, ragent REDrg&ern Mabassior Pbirhpglaimed dlniemmanofives sedse

controlled only after more than 1 million swine in the affected areas were culled

(Chua er ol , 2000); this nearly abolished the swine industry in the country.

'NiV has a nonsegmented, single-stranded negative sense RNA genome, which

15 encodes six main structural proteins. The virion is enveloped by a lipid bilayer

containing two transmembrane glycoproteins: a cell receptor binding protein known as

(G, and a fusion (F) protein (Chua et al., 2000). These glycoproteins are implicated in

an immunoreaction. Lining the interior surface of the viral envelope is the matrix (M)

) protein, which is believed to link the glycoproteins to the viral nucleocapsid or

20 ribonucleoprotein (RNP) complex. The latter is made up of many copies of

nucleoprotein (N) that encapsidates the RNA genome. Associated with the RNP are

the phosphoprotein (P) and the large protein or RNA polymerase (L). These three

components are believed to be involved in replication as well as transcription of viral

RNA (VRNA) (Lamb & Kolakofsky, 1996). The N protein is the most abundant

25 structural protein and the essential component of the helical nucleocapsid (Yu ef al.,
1998).

Currently the viral proteins have been prepared by directly culturing the virus on
animal cell cultures. However, NiV has been classified by the Center for Disease

Control in Atlanta, United States into Biosafety Level 4, putting it in the class known



Control in Atlanta United States into Biosafety Level 4, putting it in the
class known 2 as "the nbst dangerous organi sms known to man", an "elite”
group of bugs which includes the Ebofa virus. Hence, it is absol ut el y
dangerous to culture the live virus. Furthernore, it is very difficult to

urify the protejn mthe intact virion. nce, ec nbi na
P ahnat oy orey e Buosh, Sl A S MY KRV do S ans "CIRE Brun; oF beidh Pubigh s,

The i nvent or sipBRM& BRVEIRIE ¢8s oy, €Y Sh8Rkd %taﬂgétsts wanﬁéumn%vﬁt@gﬂ |
capabl e of producing the NNV N protein int ac%[ In a fused formeither as

a full 1 engt hFypthetreoms, it(iNivery) didiiculr wnoatie dhd prorn@ns frof theahtact Tineni Heeed, or s
had di scovered that these fusion proteins b arln the nmyc epitope and.siXx
resi dues of HPEOBPINEHe %%éer%BQIQEYtFE? frafn é‘ﬁamilﬁ T SRA%8S B EE%J&ES*@F NEE
producegd in EF{ g{ by means of reconbinant DNA technol ogies. The Ni,s

i e

pr ot ei n and i rivatives were expressed to a substantial level in the
bacteria as recognised by swine anti-N V serum | ndi catl ng t he potenti al of

t hese products as di agnostic rea t otetn i's hi
gl ycosyl at edcﬁtwvelrfﬂv %P@Wﬁ&%@gﬁﬂ%ﬁ%@i@ oA Vel SEREB TGS C@Rﬁﬁ@& i on
system capabl &, @l ‘EH@LIQN‘ ﬂr%téﬂ&‘rﬂ&&%?%@fﬂé@ﬂ%%%ﬁbﬁas LGRS %gﬂ?ﬂo@eéﬂt G

protein was tected e swne anti- NV serumand al so the
nmonocl onal ar(Nﬁta))dytanamcMmgtstlheE pofieithe aﬂlventors hed diseowsrbd mizmtthegk yfosipnot ei n

as a diagnostic reagent. Sunmary of the Inyen Acc i ngl i the
primary obj ecltmtﬂnsab%é%% LGSR OB R F BFo 0T g & Y wﬁt%étﬁrmﬁz%e |
expresgjon pl c%%!ﬂ doec%ﬁEé%‘séﬂtf‘? bldBudpdCh I?OBapc%tzd by N @80 o0 re iy’ DIgA (N V)

having the follow ng nucl eotide sequence:
A‘?)GAGT GATAT CTiEaaaNENSCUBES L AGOTET A@AGHENE@A@@' FTAASPTASEGAGGUBanitd level

GATGGGAGGCCTAGT. GCTACTT GGATATTTGT. 120
CIJTACTAATAGTCE‘A%W o AR R Rt RO AN o AR A 5% Thogs
TCTCCGAGTGCT 1k ATk thfnl GsTAY 1y€4Q1 tgtf']the
TCAGAGAGA A R o TR e s AR g ne
ATAATAGATGT TGaATOXA TEETEAALEEAA TR OCAGTAATRRASARRAGACRAGACANDIS 6f)producing
15 truncated G glycoprotein. The recombinant G protein was detected by the swine anti-
NiV serum and also the anti-G monoclonal antibody, implying the potential of the

recombinant glycoprotein as a diagnostic reagent.

Summary of the Invention
Accordingly, it is the primary object of the present invention to provide a recombinant
20 expression plasmid containing the nucleocapsid (N) gene of Nipah virus (NiV) having

) the following nucleotide sequence:

1 ATGAGTGATATCTTTGAAGAGGCGGCTAGTTTTAGGAGTTATCAATCTAAGTTAGGGAGC 60
61 GATGGGAGGGCTAGTGCAGCAACTGCTACTTTGACAACCAAGATAAGGATATTTGTACCA 120
121 GCTACTAATAGTCCAGAGCTCAGATGGGAACTAACATTGTTTGCACTTGATGTGATTAGA igcec
25 1817TCTCCGAGTGCTGCCGAGTCAATGAAAGTTGGAGCTGCTTTCACACTCATCTCTATGIAT 240
241 TCAGAGAGACCCGGEGCTCTCATTAGAAGTCTCCTCAAT GACCCAGACAT TGAAGCTGTA 300
301 ATAATAGATGTTGGATCAATGCTCRACGGAATACCAGTAATGGAGAGGAGAGGAGACAAG 360
361 GCTCAGGAGGAGATGGAAGGCTTGATGAGAATCCTCARAACTGCTCGAGACAGCAGCARAG 420
421 GGRAAAAACACCTTTIGTTGACAGCCGAGCTTACGGCCTACGGATRAACAGACATGAGCACC 480
30 481 CTGGTCTCTGCAGTTATCACCATCGAGGCCCAGATCTGGATACTGATCGCTARAGCAGTT 540
541 ACAGCTCCCGACACTGCCGAGGAAAGTGARACTAGAAGATGGGCTARATACGTCCAACAA 600
. 601 AAGAGGGTCAATCCGTTCTTTGCTCTAACTCAGCAATGGCTAACAGAAATGAGGAATCTG 660



361 GCTCAGGAGGAGATGCGAAGGCTTGATGAGAATCCTCAAAACTGCTCGAGACAGCAGCAAG 420 421
GCGAAAAACACCTTTTGT TGACAGCCGAGCTTACGGECCTACGGATAACAGACATGAGCACC 480 30 481
CTGGTCTCTGCAGT TATCACCATCGAGGCCCAGATCTEGATACTGATCGCTAAAGCAGTT 540 541
ACAGCTCCCGACACTGCCGAGGAAAGTGAAACTAGAAGATGGECTAAATACGTCCAACAA 600 601
AAGAGGGTCAAT TCITTGCICTAACTCAGCAATGECTAACAGAAATGAGGAA

O A CACT PR TR A A T R A ey PTG AR A ARG Bt 388
GGAGGAT CT GCT ARAGCEAGABCAGT A 2 T CT GAGAC NI OESACT A TGEENA TEB8OGAGT 840
GAAACT GO AT COEA AT T T OGSAMAT CAGATT 0BT PAGACARGTATCLA R, 844,
GCACTTGCACTCAACGAATTCCAGAGTGACCTCAACACCATCAAAAGCTTGATGCTACTC 900 5 901
TACAGAGAAAT T CE KA A A e AT B S PR e T T B AT CANT T CACRETE ©§ %%FTCg %Cio
AAATTT GEAGHICRACCCAFTATJ G EEAGCT ITThECE AT GEETTGTICECRACTACGT T2 T 1621

el e AT S A ST AT 060 191

AGACT GGGACTAAGT T GAGAFCAAGT T GAGARET OEETIBCHECAGCTI CAGBANACATCATEPIO TE0 080

1201 GCACCAACHAAGR sl Avx Tl TGACEE ARG AR d ke (XatoA(aT 66510260, 101261
CTCATTGGAGGCAGT GATCAAGAT AT CCATGAAGGGGAA CCTATAGAACAGAGTE% A%gé% o 1%110

AGACAGT CAGT TACCT TEAAARGGAAT CRET A T T T CATEEET FEET ARCACT 6T

CCEGTOEEACEAGAT TEACTANTAGATTACTANNCCT CABACLAAETS. 2260441
TCM@UG&T%%%%@%M OCAA %@ﬁ% 10l5
1501 GCAATCAGCAACAGAACT CAA TCAGA’QG%,EGAAGEATAAT I%A&%GC I3o20 1561
CX:TC¥VNAATcyujéﬁ?éwﬁ@ﬁ?éﬁﬁ?ﬂ&@ﬁ&ﬁ?ﬁ@ﬁﬁﬂ%ﬁ@ﬁ@ﬁﬁ#@G@QTAF%TQ%?SF?R%£¢8%@Q§§FG?HCCFh%?

present i nvermdsmnAanGpT@m@wdﬁsoneﬁtnd@bm@GUAcpA@ﬂEmtAbﬁAAheadmwucTﬁnacpmnmaaoI4aohe
nucl eocapsi d 800 m%%}l [ s

pripvi de a rec%%glna A%ﬁ%%@%%lon&ggﬁ §§%¢ EC% gFgln £ Qﬁ?%ﬁ%%% eﬁ%% gene
of” Ni Vihavi ngl5t0P1eGqPé\ITPwﬂﬁgﬂ@@éF@&@E@@AT%W@@GA@TAATCAAGACCTCAAACCT 1560
ATGGACAAT CAGEEEGTEA TAABACAT CFIGR T XAt s T COGARCAGEAGATCAAAGEG 60 61

CTTGCTGACAAAAT CGGCACAGAGATAGGEECCCAAAGTATCACTGATTGACACATCCAGT 120

It is another object of the present invention to provide recombinant plasmids

harbouring part of the nucleocapsid gene.

It is yet another object of the present invention to provide a recombinant expression

20 plasmid containing the truncated G gene of NiV having the following nucleotide

sequence:

1 ATGGACAATCAGGCCGTGATCARAGATGCGTTGCAGGGTATCCAARCAGCAGATCAAAGGG 60

ey

61 CTTGCTGACAAAATCGGCACAGAGATAGGGCCCAAAGTATCACTGATTGACACATCCAGT 120

-

121 ACCATTACTATCCCAGCTAACATTGGGCTGTTAGGTTCAAAGATCAGCCAGTCGACTGCA 180
25 181 AGTATARATGAGAATGTGAATGARAAATGCAAATTCACACTGCCTCCOTTGAARATCCAC 240
241 GRATGTAACATTTCTTGTCCTAACCCACTCCCTTTTAGAGAGTATAGGCCACAGACAGAA 300
301 GGGGTGAGCAATCTAGTAGGATTACCTARTAATATTTGCCTGCAARAGACATCTARTCAG 360
. 361 ATATTGBAGCCAARGCTGATTTCATACACTTTACCCGTAGTCGGTCAAAGTGGTACCTGT 420
421 ATCACAGACCCATTGCTGGCTATGGACGAGGGCTATTTTGCATATAGCCACCTGGAAAGA 480
30 481 ATCGGATCATGTTCAAGAGGGGTCTCCAAACAAAGAATAATAGGAGTTGGAGACGTACTA 540
541 GACAGAGGTGATGAAGTTCCTTCTTTATTTATGACCAATGTCTGGACCCCACCARATCCA 600
601 AACACCGTTTACCACTGTAGTGCTGTATACAACAATGAATTCTATTATGTACTTTGTGCA 660

661 GTGTCRACTGTTGGAGACCCTATTCTGAATAGCACCTACTGGTCCGGATCTCTAATGATG 720



121 ACCATTACTATCCCAGCTAACATTGGECTGTTAGGT TCAAAGATCAGCCAGTCGACTGCA 180 25 181
AGTATAAAT GAGAAT GTGAATGAAAAAT GCAAATTCACACTGCCTCCCTTGAAAATCCAC 240 241
GAATGTAACATTTCTTGTCCTAACCCACTCCCTTTTAGAGAGTATAGGCCACAGACAGAA 300 301
GGGGTGAGCAATCTAGTAGGATTACCTAATAATATTTGCCTGCAAAAGACATCTAATCAG 360 361
ATATTGAAGCCAAAGCTGATTTCATACACTTTACCCGTAGI CGGTCAAAGTGGTACCTGT 420 421

ATGOCAT CATGTT AR GACIAT T AN AR ACRA AT ACAGT T L ACACCTACT A 550" 241"

GACAGACCTGAT GARGT TEA LG, %HJ@E@@%M@E@X%@%Q&%% @%&%@ca&%q 0
AACACCGT TTACCACTGTAGT GCT GIATACAACAATGAATTCTATTATGITACT TTGI GCA 660

GTGTCAACTGT TW@M&%@E@MM&W@@IM&TMM@E@@@T@A 79’2{1
ACCCGT CTAGCT GT GAAACCCAAGAGT AATGGT GEGGGT TACAATCAACATCAACTTGCC 780 781
CTACGAAGT AT CGABAAASGAAGETATEGATAAAGTAATLGEEGT AIGEACTICICAGETAT .84 0CAEA4 260
AAACAGGEGTGACACCCTGTATTTTCCTGCTGTAGGATTTTTGGTCAGGACAGAGTI TTAAA 900 901
TACAATGAT TCAARTIT GTCSCARTACCARTTET CRATACKG T ARRCCTGRAART TEIBATS 9862 B 3840
CTATCT. ATGGGGATTAGACCAAACACECA'I"I’ATATCCT TCGATCTGGACTATTAAAATA 1026 - 1021

AATCTATCAGAT GEEGABARCAECHRACTIBE WWM?%W%%TW%@
F&?ﬂﬁmﬁﬁﬁﬁmﬁgﬁ%ﬁ%@%@%%b%@
GT CAAT TGCCGT ANTAACAGEST AMTAEEANAAGLESEIAR T CAGAAT LGET AT T Lo h268: 10 1 1@H 1

AATACATGTCCAGAGATCTGCCTGGGAAGGAGT TTATAATGATGCATTCCTAATTGACAGA 1320 1321
ATCAAT T GGAT AASCSEEaR@ET AT SR ToACACKIAAT; EEE2REEd 3801138150
TTTACTGTATTCAAAGATAATGAAATACTTTATAGGGCACAACTGCECTTCTGAGGACACC 1440 1441

AAT GCATAAAAAACHAT AAZTAAT TG EEATICTCTIGAAGNA TARGAT I GATGCATATCA TS 802621 5040
TT\%TTGAG 1509 15 It is yet another object of the present invention to
provide tr ansﬁ%%%HC@TTE@ﬂ“—iﬂﬁﬁﬁQ%GT%pﬁﬁcqméA@%éﬁWPf%ﬁ@G@)@WﬁWTpPé%‘?n ds
of the present_invention. is a further gct of %pTlTﬁsent invention to

provi de transtotned %S%WWGAT%W@@QT% C@fc%(éﬁAICEG TEAFERTEConDt hant

expression plaspi dg, 0f 106 RERSERL AR TTGTTTICTOTTOARGAATARGAT TTGETGCATATCA 1500

1501 TTGGTTGAG 1509

5 It 15 yet another object of the present invention to provide transformed E. coli cells

with the recombinant expression plasmids of the present invention. -

It is a further object of the present invention to provide transformed Spodoptera
Srugiperda (Sf9) cells with the recombinant expression plasmids of the present

. mvention.

20 It 1s yet another object of the present invention to provide a method for producing
fused and truncated forms of nucleocapsid protein to high yield, which comprises
culturing the transformed E. coli cells of the present invention in an appropriate

medium and conditions to produce the said nucleocapsid proteins.

25 It is yet a further object of the present invention to provide a method for producing
recombinant truncated G glycoprotein, which comprises culturing the transfected
Spodoptera frugiperda (Sf9) cells of the present invention in an appropriate medium

and conditions to produce the said glycoprotein.



invention. 20 It is yet another object of the present invention to provide a
met hod for producing fused and truncated forns of nucl eocapsid protein to
hi gh yield, which conprises culturing the transforned E. coli cells of the
present invention in an appropriate medi um and conditions to produce the

sai d nucl eocapsi d prot t a further .qbj of ..t he present
i nvention toa]grl%wtc?egﬁtﬁ St%cg of g}e p{pﬁﬁg}\fﬁ@tmnrtgﬁ%ﬂﬁgﬁﬁﬁ—g?mg&lﬁ% sid
gl ycoprotein, fM&I?BfNHﬁHRrErﬁ?%tﬁ%éfb'll'o%@é]ﬁmpraé‘ﬂa%@@én@él Spodopt er a
frugi perda (589) cells of the present invention |n an appropriate nmedi um

and conditions to produce the said glycoprotein. is yet a further

obj ect of the pr%ﬁﬁ%ﬂz@vﬁﬁ%sﬁ(@sé Bﬁ%&‘éhfl%ﬁm&fﬂvk S%E&Enﬂﬁ%&%?aos' sh

protein of N pah virus wt foll om ng am no aci d sequence: MSDI FEEAAS

FRSYQSKLGS SARTAT I TRARTEVE ATNSPER RWETETTRALD =R PEAAESKY
GAAFTLFSMY SERRGRFRSCHENDEDIEEAY FRDVESRYNG HIPYIERRGDKT F200IWSLIERAY AQERVEGL MR
| LKTARDSSK GKIERFVRSRAEMEL RIETOVED kMGAMATT BARkML | AKAvAGOniEBi TAPDTABESE

TRRVWAKYVQQ KRYNPREAL L QN FENRN,: EMXBKEFMEJYHA%}(MF Or 4k (SESAKGRAVE
| 1 SDI GNYVE ETQVAGEEAT | RFGLETRYP ALALNEFQSD TNTI K 00 301 YREI GPRAPY

MVLLEESI QT KFAPGEYPI L MBFAVERATT FORSMEAL NP %WE@WEA%O 36T RL ARHH
AGG DONVAN  RLTAL SSDERAATHE AFSRTARTTS  AGRCESNKY ON RIS F ASEENAPOREFGTA0FY || €88SDQDI D
EGEEPI FRSG RQBVTRKRENDSISSEANSYR: SSSVEREGETs RuTNSLish Rs4B0RL4SINGRLANAAKE
AASSNATDDP Al ShRTQER KM KR AQNREIEYRAIN 23 Zokbrorsxaahot ier obj ect of

the present invention to provide a truncated G gl ycoprotein of N pah virus
with the follow ng am no acid sequence: 1 NMDNQAVI KDA LQAE QQQ KG LADKI GTEI G

SFREVRPQTE VSt DN (R TSN 14 1317 Pl vy Bt L e
GYFAYSHLER | GSipEREIUBKWIlRIthd M Wingl 80ino b8iH BERIEIEYPSLF MINVWIPPNP NTVYHCSAVY
NNEFYYVLCA VSTVGDPI LN STYWSGSLMM 240 241 TRLAVKPKSN GGGYNQHQLA LRSI EKGRYD

KVWPYGPSGE KQGEDTLYFPA VGFLVRTEFK 300 301 YNDSNCPI TK CQYSKPENCR LSI\/G RPNSH
YI LRSGLLKY NLSDGERISKG VLR IGPRIRE BGEICTELC PKVSLIDTSS TITIPANIGL LGSKISOSTA 6

15 61 SINENVNEKC KFTLPPFLKIH ECNISCENPL PFREYRPQTE GVSNLVGLPN NICLOKTSNQ 120
121 ILKPEKLISYT LPVVGQSGTC ITDPLLAMDE GYFAYSHLER IGSCSRGVSK QRIIGVGEVL 180
181 DRGDEVPSLE MINVWIPPNP NTVYHCSAVY NNEFYYVLCA VSTVGDPILN STYWSGSLMM 240
241 TRLAVEPKSN GGGYNQHQLA LRSIEKGRYD KVMPYGPSGI KQGDTLYFPA VGFLVRTEFK 200
301 YND3SNCPITK CQYSKPENCR LSMGIRPNSH YILRSGLLKY NLSDGENPKV VFIEISDQRL 360

20 361 SIGSPSKIYD SLGQPVFYQA SESWDTMIKFE GDVLTVNPLV VNWRNNTVIS RPGQSQCPRF 420
421 NTCPEICWEG VYNDAFLICR INWISAGVEL DSNQTAENEV FTVFKDNEIL YRAQLASEDT 480
481 NAQKTITNCF LLENKIWCIS LVE 503

It is yet another object of the present invention to provide two methods for purifying

) recombinant nucleocapsid particles.

- 25 These and other objects of the present invention are accomplished by providing,

A recombinant expression plasmid containing Nipah virus nucleocapsid gene;
A recombinant plasmid containiﬁg the gene of truncated G glycoprotein of Nipah

virus;

A recombinant nucieocapsid protein of Nipah virus that is capable of assembling into

30 a particle form;



20 361 Sl GSPSKI YD SLGQPVFYQA SFSWOTM KF GDVLTVNPLYV VNWRNNTVI S RPGQSQCPRF 420
421 *NTCPElI C\EG VYNDAFLI DR | NW SAGVFL DSNQTAENPV FTVFKDNEI L YRAQLASEDT 480
481 NAQKTI TNCF LLKNKIWCI S LVE 503 It Ps yet another object of the present
invention to provide two nethods for purifying reconbinant nucl eocapsid

particles. 25 These_and ot her objects of the present invention are

acconpl i shed &}niﬂl@ﬁﬁ% lucing TReEpPAY AH¢lcesapyid XA CHMRERING” cont ai ni ng

Ni pah virus nucl i : ¥ i t a0l e of

trincat ed & ohy 0T B E P e b O et el n
of Ni pah virus tihatnddsurgapabl e of assenbling into 10 a particle form 6 A

nmet hod for produci ng reconbi nant nucl eocapsid protein conprising: a) grow ng
recombi nant EP) @HPWInEGhe BCombiantpiobde BoaPmeastond: Ai%enes of Nipah virus in

a nedi lém b) g}l '1191%9{9114%@1§5ﬁgé$iﬂ?@ff|°§ﬂ£taﬁ3” to propagate in E. coli; 5 ¢)

harvesfing and l'ysing and d) purifying the lysate to

obt ai n r ecombingtifying tedeapsiobbio tebmbirdntmidkdagsdd pptetuci ng reconbi nant
truncat ed nucl eocapsi d protein conprising: a) grow ng reconbinant E. toli’
contai ning truncated nucl eocapsid protein genes of Nipah virus in a nedium

10 b) allow n . i t el I : [T
har vesti ng ang Wgé;g?#]goq% E@d‘%ﬁ%gg'?f{n‘?%g éﬁﬁgﬁ%P%@%E%#@Pﬁéelﬁ%Jéﬂlpg}sslg% eto
obt ai n r econbanamé winguegat gl ur ko capshcig prataednucldcapdid pebtéiogepesaduci ng

reconbi nant truncated G gl ycoprotein conprising: a) transfecting an insect
cel | cul ture wi tHPEh H&eUNEPEIEMeont ai ni ng a reconbi nant 15 plasmid

oD ' Bl 9% | irus: b) allowing th
L8 T R AL G el L 0 o o e
ﬂj ¢) harvesting and lysing the E. coli cells; and

d) purifying the lysate to obtain recombinant truncated nucleocapsid protein.

A method for produciﬁg recombinant truncated G glycoprotein comprising:

a) transfecting an insect cell culture with a baculovirus containing a recombinant
15 plasmid carrying truncated G gljzcoprotein genes of Nipah virus;

b) allowing the recombinant protein to propagate in the insect cells;

c) harvesting and lysing the insect cells; and

d) purifying the lysate to obtain recombinant truncated G glycoprotein.

A method for purifying the recombinant nucleocapsid protein comprising:
:) 20 a) precipitating the soluble recombinant prdtein with ammonium sulphate;
b) dialysing the precipitated recombinant protein obtained in (a)} with buffer;
c) fractionating the recombinant protein using sucrose gradient centrifugation or
nickel affinity column chromatography; and
d) collecting and pooling the purified protein fractions for concentration of the

30 protein.

Brief Description of the Figures and Table
Table 1 is a summary of seven recombinant expression plasmids encoding the full-

length, fused and truncated N proteins.



c) harvesting and lysing the insect cells; and d) purifying the lysate to
obtai n reconbi nant truncated G gl ycoprotein. A nethod for purifying the
reconbi nant nucl eocapsid protein conpfising: | 20 a) precipitating the

sol ubl e reconbi nant protein w th anmoni um sul phate; b) dialysing the
precipitated reconbi pant protein obtained in (a).wth pbuffer; c

fractionati nglE IEWE [ eBoAbiNSHEIDr OREMR SRAHEE stg‘ér%‘gléle@%tgdiw é‘éi]tt‘ﬂn%t@%ltti on
or nickel affi.mn C ] @ phy; and d) collecting and pooling the
purified pr otﬁel%cnmoﬁr(%gf#ﬂgn@m?&(}: o%giglas?r ation of the 30 protein. Brief
Description of the Figures and Table Table 1 is a summary of seven

reconbi nant expression_plasm ds encoding the full- |ength, fused and

truncated N pFlgvEsi hds a pVesigrg i af Nugion preipia oI ieE gHR SKRERTSIGPY Ke c0/
full-1ength, : c &l : apsid proteins of Ni pah virus.
Figure 2 is a&@gﬁe%%%%?ﬁﬁq!ﬁﬁg#%ﬁggot ein of N pah virus expressed by
E. coli detected by swine anti-N pah virus serum 5 Figure 3 is a Wstern
Bl ot of f d dt ted | eotapsi d tei f N pah vi gsed”
by E. S0l i ColIEUIe Foguy 65t ot s padgpbp YRt A el GErciBt NGNS
protein purifji i : Lnity chromatography colum and sucrose

gr adi ent centérx:?)?eﬁé\éa&t%o%hwll—zia%g%'e 5 shows the Western blot of purified
reconbi nant nucl eocapsid particles. 10 Figure 6 shows transm ssion el ectron
m croscopy (TEM phaotographs of the purjified reconbinant nucl.eocapsid
particles. Filggle 91§ ﬁo@@gt]ﬁgg\l@ errpidg sl of N (fysientgtes QFV%@)‘%W@E% of
Ni pah virus g%pse [ ' . ls. Detail ed
Descri ption of t Lyéé]é?g‘&%é@%e%% %dfé%ggglgg%nl{ (gn?i fg %Tﬂl'réarfy of seven
E’j’-e}orrbi nant expressjon plasm ds encoding the full- |length, fused and

ttuncated N proteins. The nucl eotide. sequences.of the prinmers used.
plglgure Sn s%ows I11;he %stemoblot of pun(i]ieg recomb?nant nuclgocags%d parti% es.

10 Figure 6 shows transmission electron microscopy (TEM) photographs of the purified

recombinant nucleocapsid particles.

Figure 7 shows the Western blots of truncated G glycoprotein of Nipah virus
expressed by Spodoptera frugiperda (S9) cells.

Detailed Description of the Figures and Table }
15 Table 1 is a summary of seven recombinant expression plasmids encoding the full-

length, fused and truncated N proteins. The nucleotide sequences of the primers used

PR
£ :
Yoo

in reverse transcription-polymerase chain reaction (RT-PCR) are shown in the
Detailed Description of the Invention. The table also shows the length of the coding

regions and number of amino acids of the truncated mutants.

| 20 Figure 1 is a schematic diagram showing the full-length, fused and truncated
nucleocapsid proteins of Nipah virus. (a) full-length N protein, (b) Ngs protein
containing the myc and His-tag at the 3° end, (¢} 25% deletion from the N-terminus of
the N coding region; (d) 25% deletion from the C-terminus of the N coding region; (e)
50% deletion from the N-terminus of the N coding regibn; (f) 50% deletion from the



in reverse transcription-pol ynerase chain reaction (RT-PCR) are shown in the
Detail ed Description of the Invention. The table al so shows the | ength of
the coding regions and nunber of ami$o acids of the truncated nutants. 20
Figure 1 is a schematic di agram showi ng the full-length, fused and truncat ed
nucl eocapsi d (5“ roteins of N pah Vi rus. g full-length N prote| n, .(b)
protein cont Tffﬁfﬁ@lsthéh@ Nyredmgdesi; (gad> %t delasiondrons the, N1 ayd Copmia Q—ftth‘%)n
fromthe Nt g H% ég%o the N coding region; (d) 25% deletion fromthe
C-term nus of t cflng region; (e) 50% del etion fromthe N-terminus of
the N coding region; (f) 50%deletion fromthe 8 C-term nus of the N codi ng
region; (g) 25%deletion fromthe N and C-termni of the N codi ng : i on.
S

Figure 2 is &9@tetn? BY sterpley fffliglféﬁo%@&t@?rpf&ﬂlpﬂlﬁ’é.‘Ws\??‘P’iféseé 8 by
E. | det k
T ko 1 ane SRR M SR GAN I BRD bl ST Bro b BadkerPROKBA B S

Nfis pgotein ﬂ@@&tl\fel’@ﬁﬁrbbﬂﬂTreﬂlsQﬁnE &hIBediRY Ipes yalﬂf{lyﬂ)ratﬂnﬂefagﬁiactlonated on a
~electrotransferred to a nitrocellul osé nenbrane and, probed with the sw ne""
anti-N V ser ttRSTR E@ll}’é@ﬁllaﬁﬁd%ﬁ@s eetrpiansigrred ﬁ@r@tr@wfwilgloa%%ﬁmbr@@

Fioure S 15 Gyt bl GOl NP ARITHE HARRLES pelARERRS L BR0! Slte of

Ni pah virus expressed cel e| na ItsS nutants
were fracti orgstigoh.on a SDS- 12% poI yacryl am de gel, eI ectrotransferred to a
nitrocel |l ul ose nmenbrane and probed w th the anti-myc nonocl onal anti body,
whi ch detected the nyc epitope fused to the C-terminal end of N proteins.

Lane 1, nol ec}q 1%%3??5@95 %lckt%? 146 %’Lm@a%&?ﬁ Joca ]%'i(?(ﬁ]blr 15(&)5_ &%%ﬂm&” E

coli cells); ourl ng p asm | ane
4,)E ol i C&zlxhoﬁask@ﬂh{pﬂr bdsig cﬂlsaNﬂsqarqerH%fd itsSinutafewbre iEactmﬁiltbd oald SDS-
har bour i ng pl | ane 6, E. coli cells harbouri ng pl pmb

PMNSOf , , ;| anle?/S POEﬁCrgf/gP%?lde geh P@C%%F%Eﬁﬁeﬁdo ISR G UvEsTIRiyang
a2 Tl o, AN e 7 2t Y
chr omat ogr aphy-taoiinairend nd S yrowas. frad |1,entolemem midrigratin ddla; Lame? 11;1egat1ve
control {pTrcHis2 in E coli cells); lane 3, E. coli cells harbouring plasmid pTrcHis-
15 Nes; lane 4, E. coli cells harbouring plasmid pMN25,; lane 5, E. coli cells harbouring
plasmid pMC254; lane 6, £. coli cells harbouring plasmid pMNS504; lane 7, E. coli
cells harbouring plasmid pMC50g;; lane 8, E. coli cells harbouring plasmid
PMNC254s. "

Figure 4 is a SDS-12% polyacrylamide gel of N fusion protein purified with an

) 20 affinity chromatography column and sucrose gradient 'centrifugation. Lane 1,

molecular markers in kDa; lane 2, F. coli cells harbouring pTrcHis vector as negative
control; lane 3, non-purified Ngg protein; lane 4, N fusion protein purified with an
affinity chromatography column; lane 5, N fusion protein purified with sucrose

gradient centrifugation.

25 | Figure 5 shows the Western blot of purified recombinant nucleocapsid particles.
Proteins were fractionated on a SDS-12% polyacrylamide gel, blotted onto a
nitrocellulose membrane and probed with anti-NiV serum. Lane 1, molecular weight
markers in kDa; lane 2, E .coli cells harbouring pTrcHis2 vector as negative control;-

lane 3, Ny protein purified with sucrose gradient centrifugation.



nol ecul ar markers in kDa; lane 2, E. coli cells harbouring pTrcH s vector as

negative’ control; lane 3, non-purified Nfis protein; lane 4, N fusion

protein purified with an affinity chPomatography colum; lane 5, N fusion

protein purified with sucrose gradient centrifugation. 25 Figure 5 shows

the Western blot of purified, reconbi nant nucl eocaEpsi d particle Pr‘(f)tgi ns
EM fgthgpurl 1e

vere fracti ondgeg OOy sSIRSHIRHOR SRR IISFRSA®PYy

bPRtPEarisn?
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negative control; lane 3, Nas protein purified with sucrose gradi ent

centrifugation. 9 _Figure
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I'nvention 1

n

order, t hat t he: hiokenlar anridesorikibed herein will be nore fully understood, the

followi ng detailed description is divided into two sections.

The material s

and nethods enployed in this invention are set forth in the exanples. It

shoul d be “ndﬁét%}l&?ﬁeu}ﬂ;tio&{[mhﬁ?fﬂ\'?@ﬁﬁﬁ are for illustration purposes only
e as

and are not to construe

imting this invention in any manner. 15

Colst r et i on Iaf ofderalhi thaninvEntjome deictibed/detetr svilinbodhag flilyl uhdergodid, thasi on
and Truncat ed hIﬂPr ot ei ns ‘The N coding. rggi on of the NLV swine isoglate VR

2794/ 99, whi dRUPHEeleEled dssraiptiop it Gvids

IHQ b §eGtigRs-viheraaterigls andypethods 4

through r everelﬁgpeigi@gﬁoc{l% F?Hzé?ﬁbﬁ?%é’ R T&8fin V\ﬁ? %kélnf)l%é‘.cﬁ kRsud BT uhRhood Hiate

prinmers were cation,

e anpli

the examples are for illustration purposes only and are not to be construed as limiting

this invention in any manner.

5 Construction of Recombinant Expression Vectors encoding Full-length, Fusion

20

25

and Truncated N Proteins

The N Codiﬁg region of the NiV swine isolate VRI 2794/99, which had been cloned
into the expression vector, was prepared through reverse transcription-polymerase
chain reaction (RT-PCR). Three primers were used for the amplification, which

consisted of one forward and two reverse primers as listed below:

NF1 (24 nucleotides): 5 - atg agt gat atc tt gaa gag geg - 3° (a forward pr'imer)
NRI (27 nucleotides): 5’ - tca cac atc age tct gac gaa atc aag - 3° (a reverse primer)

NR2 (24 nucleotides): 5 - cac atc age tct gac gaa atc aag - 3° (a reverse primer)

Incorporation of the primers designated as NF1 and NR1 (for the N gene) during
Polymerase Chain Reaction (PCR) had amplified a DNA fragment containing a stop
codon at the 3° end, while the presence of primers NF1 and NR2 gave rise to a DNA
fragment without any stop codon. The PCR products were ligated to pTrcHis2 vector



20 consisted of one forward and two reverse priners as listed below NF 1
(24 nucleotides): 5 - atg agt gat ate ttt gaa gag gcg - 3' (a forward
prinmer) NRL (27 nucleotides): 5 - t'Ca cac ate agc tct gac gaa ate aag - 3
(a reverse priner) NR2 (24 nucleotides): 5 - cac ate agc tct gac gaa ate

- 3 i 1 t f.t at ed NF1
ond MR (1o ERERE RS S e e Bk S SLoE R iobe ST PRARS S |
anplified a %q{sﬁ@aﬂgp{he%{'\%@@mﬁng&\s@t op codon at the 3" end, while the

presence of primers NF1 and gave rise to a DNA fragnent vvithout any
stop codon. The PCR products were ligated to pTrcH s2 vector

oot dues - QouhTeFESRITS PERTRIRT FRECPolebiRle (8 codifef §F°“o$f¢1 Piofden® " °
product s (Ta%@ta&t)sW@ﬁ@uﬁééaglsiﬂéqhgﬁﬁ]oﬂﬁngﬁﬁh@@ of the truncated nutants

wer e produced using the follow ng priners: NF 1 (24 nucleotides): 5 - atg
agt gat ate ttt gaa gag gcg - 3 (a forward primer) NF5 (24 nucleotides):

nlucl eog Sg;)%@ ‘%%888%% Ec %[g@g‘é\ {Ctat@ggéggr dcﬁor%a%f%mgﬂné‘ﬂ mer)

NR-2 (24 nucleps mﬁacl fdes): cag’ %@ et bl ga9a6c § €3’ q@Gorwai] prirdeieVver se
primer) NR5 (24{nucI(=f3cc))t|esj S): -atg% t%gttgccgcaa%tac '? cr;iwc agceﬂ-) 3 (a

reverse prl nﬁﬁﬁwmoaéﬁs)nucﬁe&qmp aC@Satcag@ﬁ@ ggge3c é@t OB @glmetf} c ctc

gag - 3 ,the PCR roducts wer e ated

DT cH o2 vectors bR lBacea S ni % nusart St ges AR o H RSt BibEss; on.
The nucl eot i deRrs emueRE®LHdbs)t he sN. mgttvmggﬁitgéag@@gt by éab@eﬁﬁl prif SM
auiomat ed sequencer, nodel 377, The reconbi nant plasm d encoding the N

f.ubi onlbr ot eiMRE (XenysTaotilps: NF £5- tondgs 4 aek ags tta cleegngl-ax €2 mvarse pEmsynt het i ¢
prinmers used in the sequencing reactions of the N gene are as follows: For
t he sequenci ng of the N gene coding region pTrcH s2F (21 nucl eotides): 5 -

gag gta tat axil&ad PORPrédi@ts wee ligaNEko (RAp Bl ROkdcte Shd iBroduced tht@ @l cgat ate
ttt gaa gag gcg -_3" 20 sNF2 (24 nucl eotl des): 5 - aaa act get cga gac age
agc aag. - 3' strain BL 21 for expression.

The nucleotide sequence of the N gene was determined by the ABI PRISM automated
sequencer, model 377. The recombinant plasmid encoding the N fusion protein,
15 pTrcHis-Ngy, was used as a template and the synthetic pijimers used in the sequencing

reactions of the N gene are as follows:

For the sequencing of the N gene coding recion

h} pTrcHis2F (21 nucleotides):  5° - gag gta tat att aat gta tcg - 3

sNF1 (24 nucleotides): 5’ - atg agt gat atc ttt gaa gag geg - 3’

20 sNF2 (24 nucleotides): 57 - aaa act gct cga gac age age aag - 3
sNF3 (24 nucleotides): 57 - tte tie gea acc ate aga ttc ggg - 37
sNF4 (24 nucleotides): 57 - cga gac age age aag gga aaa aca - 3’
pTrcHis2R (18 nucleotides):  5” - gat tta atc tgt atc agg - 3°
sNR1 (27 nucleotides): 57 - tea cac atc age tct gac gaa atc aag - 3

25 sNR2 (24 nucleotides): 57 - cac atc age tct gac gaa atc aag - 3°
SNR3 (24 nucleotides): 5’ - tec tge cat acc agt tte cte gac - 3°
sNR4 (24 nucleoti.des): 5” - tga tgt tte ctg aac tge age age - 37

sNRS5 (24 nucleotides): 57 - gag gat tct cat caa gec tte cat - 37



SNF3 (24 nucl eotides):. 5 - ttc ttc gca acc ate aga ttc-ggg - 3' sSNF4 (24

nuclfeotides): 5 - cga gac agc agc aag gga aaa aca - 3' pTrcH s2R (18
nucl eotides): 5 - gat tta ate tgt ate agg - 3" sNRL (27 nucleotides): 5 -
tea cac ate age tet gac gaa ate aag - 3' 25 sNR2 (24 nucleotides): 5 - cac

t t ct t - 3" SNR3. (24, pugl eotj.des). 5' - ; t
dce agt tic orte §ERaReRe R0 Ry oS ldrbne) et Sosht TRy IR0 ¢ Sac

tgc age agc -gikctosNRS (24 nucleotides): 5 - gag gat tct cat caa gcc ttc
cat - 3" 11. The N coding region was sequenced from5' to 3' direction and
reversely from3" to 5 direction. Expression and Western Bl otting of

Ful | -1 ength, Fusion and Jruncate .Proteins 5 ansf ormants,_carryi t he
reconbi nant ekPRESEPBAAH] 3 ﬁ?tﬂgn\clj%{‘\’l ) di}f/ni?}‘ﬂ'l?_fl&f"a o) ﬁ“(t“LE ‘,‘“ﬁﬁﬁ‘i]glﬁot ein
expressi on wap,.Jiduced by adding isopropyl-(3-D thiogal actopyranoside

(IPTG. Figure 1 depicts the primary structure of the ft ill- length,
fissiof and t’_frmnm‘iarmmw\lcpnrymgths recimebimantivepresfiornmlasmide ingse gfoveaah [priet ei n
is givenh Tahle_ 1. 10 Cells. extracts were anglysed wth SDS-PA der
denat uri ng coW&B’c i@#Q= A (eI, FSPESHEN néffes ﬂq‘di‘ﬁéfgw e@} % nIiS?PIBI%gfﬁ{ “ose
menbranes.  Theg; N[ Ghille VAT GLIBELE dhich bV S w4 and the
result is shownlnglfar?1 Egg%%le 12? A p(?)gt e‘f’n1 bar‘?gbvx,ith1 %%Sgﬂr}:ant m)leecul ar wei ght
of about 63 kieagthpSisietaadtiedcatFhel pbfeins. Ahe ntmberoataedndacigs of edchprofemels
‘detected by the antj-rnyc nonocl onal antibody (Figure 3). 15 Purification
and El ectron $EHEstBPT & Analysis of Nf"5 Protein Affinity Chromatography
and sucrose gradients centrifugation were enployed to purify reconbi nant

nucl eocapsid particles. Overnight culture was first spun down to collect E
cofi célls. Thelcettastswere dnpssdd byiths SBSeRA GBnursiad dewitubi e corddi @isnmdwiee

precipitated with amoni u sul.fate and.it was.found.that nost of the

P econbi nant - 20CKCVBRGrErTAA4 BRECT b BATAITED Hid poR o™ SRUREGIF

sul fate sat ur@ith @ine anti-NiV serum and the result is shown in Figure 2. A protein band with
| apparent molecular weight of about 63 kDa was detected. The Ngs and truncated N

proteins were detected by the anti-myc monoclonal antibody (Figure 3).

15 Purification and Electron Microscopic Analysis of Ng;s Protein
Affinity Chromatography and sucrose gradients centrifugation were employed to
purify recombinant nucleocapsid particles. Overnight culture was first spun down to
collect E. coli cells. The cells were lysed by sonication and soluble proteins were
precipitated with ammonium sulfate and it was found that most of the recombinant
} 20 Nisys protein was precipitated at 10 and 20% of ammonium sulfate saturation.
Precipitated proteins were dialyzed and split into two, one was purified with affinity
'chromatography and the other was on sucrose gradient centrifugation. Nearly all the
host proteins were removed by these purification methods (Figure 4). However, two
major bands were observed in which one of them corresponds to the expected size and
25 the other one with a smaller size. Both of the purified bahds were detected by the
antiserum from an infected swine (Figure 5). This suggests that the protein with a
smaller size is a degraded product of the Ng; protein. The Ng, protein either purified
with affinity chromatography or sucrose gradient cenirifugation self-assembled into

ring-like particles (Figure 6).



Precipitated proteins were dialyzed and split into two, one was purified
with affinity chromatography and the other was on sucrose gradient
centrifugation. Nearly all the host IBroteins were renoved by these
purification methods (Figure 4). However, two nmjor bands were observed in
whi ch one of fhem coryesponds tQ _the expected size and 25 the other one with
a smal | er si ZdonpgandE XP‘F?@‘B%P??F@&F eneie Beplds py the antiserum

from an i nf ected ( u i 149 t h, a
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ei ther purififedvardi tpineef f i(ﬁ’~ggggghﬂccatggangertaqglgycgbgat@-m:)r 0::7":| gr ackivenst pruner

centrifugation, self-assenbled into ring;li ke p. @%l cle é ure 6%
C oni ng and IﬁpB%%gé%gchtcﬁcﬁﬁ%?éﬁté@C@C@ér‘?e The | RHPFUS % paptd a’rm‘?; gene

(nucl egti des TEAd GR&hy g(f}lﬂéjb \EK‘_@SU ? fe treaﬂslmeﬁgnr@ducft ‘MCY@W‘?I aRfihdBEids
(5' gggggat ccat ggacaat caggccgtgatc a rever
(5' ggggggaagfﬁctrhah@aam&mgahatc@dh@@ig@cbprom Eﬂl%r@&reﬂug&nem redootbéthnit nt o 5

PFASTBAC vect or” '{G’bco- BRI e transl ated | acks 77 m no
acids from ta3emidt ?rFF?P&Lblé RﬁAgﬂé/e@O’gl( %BT%IQI ﬁ%gﬁnw%sr fanstt %ﬂ Hé? at e

r ecombi nant n

t ransf or ned |[§)$%%%Eﬂ @%&E&?Qgﬁ gﬁt&%}gﬁﬂﬁgﬁé %ng ?%l%ptg%hg?t e- speC| iC
transposi ti ortran?lm)sumﬁni i POR bf a]mspmslspasﬂrm;n R@Fbrofwatshpertfmmtslpusngl SAaCAdys on
was per fornmed jng.puUC M3 10 a cation priners_|locat n ej site -
of theld egi orREER Wé‘ﬁ?rsdaﬁ‘?ﬁ?‘gp Ghiels OF 4 7608 Re e %m a@‘ﬁ‘%& E)E\f*ﬁtur es
and transfectgd {pf0.dl ﬂéﬁCBV&“ 11§ cbl‘tcrtﬁ ?ﬂ faﬂsfeétﬁ&‘%t%efng&ff c(eﬁg 9% oa!: %fer& he
expressi on of reconbinant pro ection, 1nsect cells fected
Wit h r econbifmaiterdacsPovi r uses col I ected fromtransfection exper| ment .
Figure 7 shows the 15 results of Western blot analysis of 96 h sanples

usi ng anti -G nonocl onal anti bodi es ( MAbs) and swine anti-NiV serum 1In both
cases, two banglshaly lohloe?@ec’apf%an%g o%é(]ﬁ be gﬁ HRER NS GEeMEM fecldiBimpWer
protein band corresponds to the expect zeo t truncated G protein.
The | arger rmhmblaacnt\bemgh‘tmtsamdolmteddsun prodbedtioy edpeimentpbighte T sharvssl the i onal

modi i f Sat Hon rgsfult% fg)% \ﬁ/es'%grg%tl Glﬁﬂs ofe dénh samples using anti-G monoclonal antibodies

(MADs) and swine anti-NiV serum. In both cases, two bands at position about 52 and

65 kDa were observed. The lower protein band corresponds to the expected size of the
truncated G protein. The larger molecular weight band is most probably due to post-

translational modification of the truncated G protein.

20 EXAMPLES
Example 1: Viral RNA extraction

Infected Vero cell culture (250 ul) was mixed with TRIZOL LS reagent (750 pi;

i i
]
S’

Gibco BRL, USA) and incubated for 5 min at room temperature. After incubation,
chloroform (250 pl) was added and the mixture was mixed vigorously for about 15 s

23 and incubated at room temperature for 10 min. The mixture was centrifuged at 13,000
xg for 15 min at 4°C. The viral RNA (vRNA)} was then precipitated by adding
isopropanol (500 pl) to the aqueous phase and left at room temperature for 10 min.
The precipitated VRNA was centrifuged at 13,000 xg for 10 min and the pellet
obtained was washed once with 75% (v/v) diethyl pyrocarbonate (DEPC) (Sigma,

30 USA) treated ethanol (Hamburg). The pellet was dissolved in DEPC treated distilled
water (20 ul) and the dissolved VRNA was stored at ~70°C.



20 EXAMPLES Exanple 1: Viral RNA extraction Infected Vero cell culture (250
) was mxed with TRIZOL LS reagent (750 |I; G bco BRL, USA) and i ncubated
for '5 mn at roomtenperature. After incubation, chloroform (250 I) was
added and the m xture was m xed Vi gorbﬂsly for about 15 s 25 and incubated
at roomtenperature for 10 mn. The m xture was centrifuged at 13,000 xg

| sopr opanol _( ESBMEJe £t eitEexautip BHLEED Abirarce bk PSBAT (BAOEF B ur 6 for 10
10 T PrSRURAL ShEMUR v el acetot S, A00KA 0Tl dpripunad e

pel l et obtai ned was was once wth 75% pyr e (DEPC)
(Sigma, 30 USH)therfest eehnd tolbaNyo bvag damedrog) in 4heactieh In&tctuwsSOdpls) sohtdng theDEPC
treated distilled water ézo | ) and the di ssolved VRNA was stored at -70C.
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(50 I') cont al Ptdﬁ%gﬁhESA}?rM@EO§(l(ﬁiM saﬂdAW/TﬂneMﬁ%n bllffM(l salep%mggltesgyde

tri phosphate (0.2 nM 5 Pronega, USA), AW reverse transeriptase é? Tf
DNA pol yrer as@hg Bll‘tllme \Paﬂum@ﬁy 1msl$b@1t,ed W fot 4briv)in dm elynahagisefthe ﬁesaetlr f

buffer (1_x; Proneg xture was .initially incubated, at 48 for
45 nin to syntH¥é il Ehﬁé lﬁﬁﬁeétat S41Gher DN DYGRCHHES LD FVRBS L BWSEiD 5

m 0 to Lnact i yad el NN EVELASAEANIRL RLASER RN LR SRLeN SOMdEnRL {ion

This was i mediatel y su o a secon ran Synthesi s  and PCR

anpl l fi gatl oncihNK @@ﬂ&m@laﬁa PRt dinlifRafion Fowongcles ofith!tes foﬂdmag profitd:on at 94C
for anneal i ng at 55C for 1 mn and extension at 68C for 2 mn
f ol Iovved by adenepiraliosxatOdsr dor Hi s, e8Galing @h@ﬁj’ﬁefoalmmméteéteggaﬁn BE6$°S BF 2t he

E r ot eP:\gdUCCR‘mF‘gvré?'i %@b@%bﬁlﬁ%{gggoﬁ %t @% t&%ﬁ%ﬁ %ﬁ;{@?fﬁ?c’d' S}S O%EL%%Qﬂm ng

the primers ( ro%&f forward and reverse priners; Table 1), deoxynucl eosi de
triphosphates (0.2 nM Pronega, USA),
For the amplification of DNA fragments encoding truncated N proteins, PCR, were
15 carried out in a reaction mixture (50 pl) containing the primers (1 uM of forward and
reverse primers; Table 1), deoxynucleoside triphosphates (0.2 mM; Promega, USA),
Tag DNA polymerase (Finzyme, Finland; 1 U) and MgCl; (1 mM). The mixture was
initially denatured at 94°C for 2 min, followed by 30 cycles with the following profile:
denatu_ration at 94°C for 1 min, annealing at 55°C for 1 min and extension at 72°C for
20 1 min, followed by a 7 min extension at 72°C to ensurc a complete synthesis of the
’“) ' PCR products. At the completion of the reaction, the PCR products were aﬁalysed on
1.2% (w/v) agarose gels in Tris-Acetate-EDTA buffer (TAE; 40 mM Tris-acetate, 1
mM EDTA). The agarose gel was stained with ethidium bromide (0.5 ug/ml) and

observed over ultraviolet light.

25 For the amplification of DNA fragment encoding truncated G protein, PCR was
carried out in a reaction mixture (50 pl) containing the primers (1 pM of forward and
reverse primers), deoxynucleoside triphosphates (0.2 mM; Promega, USA),.Taq DNA
polymerase (Promega, 1 Uj, MgCl; (1 mM) and a recombinant pCITE vector (20 ng)
harbouring the G gene of Nipah virus. The mixture was initially denatured at 94°C for

30 2 min, followed by 30 cycles with the following profile: denaturation at 94°C for 1



Tag DNA pol ynerase (Finzyme, Finland; 1 U and MyCl2 (1 mM). The m xture was
initially denatured at 94C for 2 mn, followed by 30 cycles with the
following profile: denaturation at 94C for 1 nin, annealing at 55C for 1
mn and extension at 72C for 20 1 min, followed by a 7 mn extension at 72C
to ensure a conplete synthesis of the PCR products. At the conpletion of

t he reacti on miphenreagpatcdicler desesoadsaind satgnsian at 72744 {op2vpning id byet s in

Tri s- Acet at e EDITA buffer nM Tri s-acet a ar ose
Tl e st AR 61 A6 g S hein 8t HBRaR pemgpont I
ultraviol et |hghletiof2rHRY reﬁaﬁ)naﬂiElP(fR ﬁﬁ)tdh&qwegfan d 629! @@Ew@?ﬁ@%@%g%e)ls

truncated G protein, PCR carried out in a reaction mxtu

cont ai ni ng tImeTmmmcetese-E]DM bifféraflad:; dOanill Trieyetde, lpnMﬁDﬂ)A) The agarose
deoxynucl eosi de tri phosphates (0.2 Pronmega, USA) @ e/mir ase
(Promega, 1 @fl Whiygtrineqd withofhidien Bropy ) aﬁélobEeT\Y@ P “(“256’1?15 L

harbouring the G gene of N pah virus. The mixture was initially denatured at
94C for 30 2 min, followed by 30 cycles with the follow ng profile:

denaturati OnMan&ﬂ@?afPﬁrlﬁcéﬁbn MﬁheﬁaﬂgﬁﬁédPGR@roﬂﬁasf or 45 seconds and
extension at 72C for mn, foll owed m n extension at 72C to ensure

a conpl ete syH lﬁlé%ngRonqdﬁétSPmepﬁlf@Bﬁég on ALY Re/V) cgrsisercsn bpfusinge Tris-

rection, B BEAuet g0 gl Y, AR A O ORESS Uil .,

gel weam st ai Reddioht Rroplidy @ ymg/RiY MBNA B d givith theadrRbsies ek &¢Red from
ultraviolet light. Exanple 3; Purification of the Amlified PCR Products

ALl the PCR rﬁh@éd@t@dvmnéieén‘mtb’éh@ AAquicke Gol E){tr@aj@noféé (GupGerhyGargiony) Tri s-

Ackt at e- EDTA 0.MM T t at DTA th
16 et dt am Brome i SRR AE B Rradaoe Ritepin Tt CR RS BB Tat
exci sed fromydhe a@ﬁh SnAPRdRMI AgaRekeViel BlobtRephtAUD Glfefnietthe EXbUaGdfaRe Ki t

(Q aCGen, Gernman according to the manufacturer's procedure. After
purificati onPQI%ETOFiGIFQSpr oducts (5 1) were again analysed with agarose gel
el ectrophoresis to determne the recovery of the PCR products. 15 Exanple
4. Ligation

15 Example 4: Ligation

The purified PCR products (100 ng) encoding the full-length and truncated N proteins

were ligated with the pTrcHis2 TOPO expression vector (Invitrogen, USA; 10 ng), at

25°C for 5 min. The PCR product containing nucleotides 231 to 1737 of G gene was

ligated with the pFASTBACH]1 (Gibco- BRL, USA), that had been digested with
20 BamHI and HindIII .

:: }

Example 5: Transformation and Transfection
For the transformation of recombinant plasmids encoding the full-length, fused and
truncated N proteins. The ligation mixtures were mixed with £ coli TOP 10
| competent cells (50 pl; Invitrogen, USA) and incubated on ice for 30 min. Cells were
25 ~ then heated for 30 s at 42°C, solution SOC (2% trypton, 0.5% yeast extract, 10 mM
| NaCl, 2.5 mM KCl, 10 mM MgCl,, 10 mM MgSO4, 20 mM glucose; 250 ul) was then
added, and incubated at 37°C for 1 h with shaking at 250 rpm. Cells (30 ul and 50 pi)
were then plated on a Luria Bertani (I.B) agar plates supplemented with ampicillin (50

ng/ml) and the plates were then incubated overnight at 37°C.



The purified PCR products (100 ng) encoding the frill-length and truncated N
proteins were ligated with the pTrcH s2 TOPO expression vector (Ilnvitrogen,
USA; 10 ng), at 25C for 5 min. The PER product contai ni ng nucl eoti des 231
to 1737 of G gene was ligated with the pFASTBACHL (G bco- BRL, USA), that

had been di d wit Hi ndl | L le 5: t d
Tr anst oct | on GRSPPHS roffe PENGACoRS oP BBz AR RaSHP HER ”S‘{a't‘p’ﬂea”
ful'l-length, fiusad ﬁﬂﬂhezféértmgﬁhadw%kepﬁs@a% rggnergte%édngﬁﬁaxﬁ B d Uk RSt

mxed with E° coli” TOP 1 etent cells (50 I; Invitrogen, USA) an

i ncubat ed on t ceafwirctBErRi (BACQQ*BA@rBa@IBJWMnEthmh fYoste8y ©ikxo-RRE)

Va2, 10 mRGSEI DG ol et Eb et P ST LA iR ctere SaPRbtb Mg at

37C for 1 h wihl ghesiesicat I2QBAMC et (B0 bn@gmeﬁood Mﬂle\ﬁesf Euﬁmrgapl at ed
on a Luria Bertani (LB) agar plates supplenmented with anpicil

g/
and the plat e{EAA)@mestmnalmngdﬂammytm(/ﬁ} ey}, gEhtaBi¢n (i@g/r@nwéa mE(lQ:oIl

d
el por ot ssmigHher Bonl i FESTR e e R Ra S S arel! HanPrRfhdy, ™
manuf act ur er 'sp 6RACHL, %QteB@eqyﬂleé/ LeS sERREL TS @vrbnﬁgﬁﬁ eiurS B60:BRlebular

instructions. Briefly, the reconbi nant pFASTBACHI plasm ds were transforned
into 5 MAX EFFEIGItENCY vDislieBas @npfét:emrnw t@mmsmemréﬁdmﬂwmdﬂmal s Luria
Agar (LA) plates containing kananycin (50 g/m), gentarnicin (7 g/m),
tetracycline (10 ig/m), Bluo-gal (100-300 g/m ), and IPTG (40 g/m ). After
24 to #B-h i "IQiéb@eEtta‘éfbd Alcodbmant 3h&8Id WNA 8wEOhaRiBfedBhe aRbACESd Mg

everni ght culture. Hi nol ecul ar ight DNA was isolated fromthe _

ovEr i gt cuIQEIrIé%E%E%HB%gEIﬂbe%POdQW? sroaie. (40 cele vex puleediar 637 nan
bacm d DNA in CELLEECTI N Reagent . :
Spodoptera r 9;9@?[33%% 33%58% f(t1|9r ééﬁsa%'gfﬁeeﬁmg I@@Owal% For

each transf eqlyeplafh ahdle@Iow%ﬁ Iul) BRI ABEALH h! DipRPredBRntBhA mqai wre Gned |
pl ate and all ovved to attach for around 1 h. Lipi d reagent and DNA were
diluted sepaeparately witth 3520000 ISFNSFMI0010D, | then tdoerbinalit nfegmt dipidDMA
lipid-f) complexes. The lipid-DNA complexes were diluted to 1 ml with SFM and added to

cells. Cells were then incubated at 27°C, for 5 h.

Example 6: Screening for Positive Clones
In order to screen for transformants carrying the full-length, fused and truncated N |
genes. A dozen single colonies were randomly chosen and cultured overnight in 5 ml
20 of LB medium supplemented with ampicillin (50 pg/ml). Recombinant plasmids DNA
,) were isolated by using the alkaline lysis method and the orientation of the insert in the
putative clones was confirmed by PCR using the primer pair of pTrcHis2F (5’-gag gta
tat att aat gta teg -37) and NR2 (5’-cac atc age tct gac gaa atc aag-3’).

To confirm transposition in DHIOBAC Cells, PCR of the transposition region was
25 adopted by pUC/M13 amplification primers located on either site of the region.

Example 7: Protein Expression
For the expression of full length, fused and truncated N proteins, the identified

positive clones were grown overnight in LB medium (3- ml) supplemented with

ampicillin (50 pg/ml) at 37°C. The next day, LB medium (10 ml) supplemented with



15 conpl exes. The |i pi d-DNA conpl exes were diluted to 1 mM with SFM and
added to cells. Cells were then incubated at 27C, for 5 h. Exanple 6:
Screening for Positive Cones In orde® to screen for transfornmants carrying

the full-length, fused and truncated N genes A dozen single colonies were
random y chosen and cultured overnight in 20 of LBuinadl um sugpl enent ed
wi th anpicil IarUP’PI("]@G gPPr ye/mRe CsHINeEWaAted)| ‘é[fﬂ%% PYGEIERE euitars) A-edmbly apdi ng
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cl ones was co u&ing & pair o gag gta
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~confirmtransposition in | OBAC Cel | s, of the transposition reglon was
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"37C. The next day, LB nedium (10 ) "supplenented with 16 anpicillin {50

g/ M) was i ndoulcated @roteink thhsawiermstight wewglgreweai{ZP°€. m ) and i ncubated at
37C wi th shaking at 250 rpm When the cultures reached OD500 about 0.6 to
0.8, IPTG (isopropyl-I-thio-(3-Dthiogal actopyranoside; 1 nmM was added to

i nduce pr ot ei FhreXBrRpsslon dTcnaRAkH NG edycpaliéing Sheto g%r&gi"@zﬁerd&_ i ﬁ&ﬂel@ (1
m culture) 5 were harvested by centrifugation at 1 s at room
t enperat ure, wird dultered & €dhef-206 PARMcFyd emhct&mg@lctl@h e?:txr Hbm@ﬂesme
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For each transfection 10 10 seeded in
6-wel | pl at e tarfdrmallipodsBiN A oorapleaem Tﬂ]ﬁrhpai Dmﬁdcdmplexd:s Wer;b dibaerbtut 1 am{dwﬁINA

were diluted tely wth Sf OII 0 orhi ned form
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15 protein expression at 24 to 72 h post transfection. Viral supernatant was collected at

72 h post-transfection.

Example 8: SDS-PAGE and Western Blotting
For the Western blotting of full-length, fused and truncated N protein, E. coli cell
pellets (from 1 ml culture) were resuspended in 2x SDS-PAGE sample buffer [100
20 mM Tris-Cl (pH 8.8), 200 mM B-mercaptoethanol, 4% SDS, 0.2% bromophenol blue,
20% glycerol; 50 pl] and boiled for 10 min. For the detection of truncated G protein,
cells were analyzed for protein expression at 24 to 72 h post transfection. Viral
supernatant was collected at 72 h post-transfection. Control or infected'cells were
washed with PBS. To extract total soluble protein, cells were lysed directly in Tris-
25 HCI (62.5 mM, pH 6.8) containing SDS (2%) and boiled for 10 min. The treated
samples (5 pl) were then analysed on SDS-12% polyacrylamide gel and
electrophoresed ‘at 32 mA. The proteins on the gel were then transferred onto a
nitrocellulose membrane and blocked with skim milk (KPL, USA; 1:10 dilution) for 1
h. The swine serum (anti-NiV, 1: 500) or anti-myc or anti-His monoclonal antibody
30 was added to the membrane and shaken for 1 h. The mémbrane was then washed
thoroughly with TTBS (100 mM Tris-HCI, 0.9% NaCl, 0.01% Tween-20; pH 7.5).



medi um was renoved and replaced with a fresh nedium Cells were anal ysed for
15 protein expression at 24 to 72 h post transfection. Viral supernatant was
collected at 72 h post-transfection.l’Exanpl e 8: SDS-PAGE and Western
Blotting For the Western blotting of fuII-Iength fused and truncated N
protein, E. coli cell  pellets (from!] culture) were resuspended in 2x
SDS- PAGE sanpP&0Besy ép’fﬂf%boconmam ttrrail@h@ phemhatasg yas shgm added and incubated

3- nrer capt oet 0 0 SRS, 9 ol 0 I r0 ] 1.@and
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anal yzed for BCOVEBRT escbfoﬁm;mnloa@ 33Addle phdsphapdsitrot blaxesﬁeeazdlmm) dibsiahte
supernatant was collected at 72 h post-transfection. Control or infected
cell's were wHErBeRAWISHIPBS. To extract total sol uble protein, cells were

| ysed directly in Tris 25 HO (62.5 mM pH 6.8) containing SDS (2% and
boiled for 10 min. The treated sanples (5 d) were then anal ysed on SDS-12%

pol yacgyl am dExgepledn Puriicativh op Retanbitaat NiZpideinThe proteins on the gel
were ‘then transferred onto a nitroceltul 6dse menbrane and bl ocked with skim—
m Ik (KPL, UsBhe tecombiiantith gal fgin BL2h washeulgugchén & bmt% 4HeG mlp vt 267C500)

ti- t | | 0
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conj ugat ed to al kal i ne phophatase was then adde and i ncubat e for anot her
1 h. After wehinespllonit ecid; gbvébophrent) andssubpectedeid wncauQil ngha fsateBCreE NBT

(5- brom)4chlo hat e/ ni,tro etraz str

(e oneb.  usARie s HoR0Ya RERT RAZEGE Rubf® i 5H1 AEfstotitoad o PR ithflse
F.ec orrbl nant Eorf@ifirecdhibatait 5!02@111%@ pdetditdte@dyitina kﬁag@ro@tlb%(ﬁ%(m%rhmnﬁimﬁﬁc
overni ght. The cells were harvested b centrlfla%atl on at 8000 xg for 15 m n.

The pellet v»?&léfa’@d@ﬁ@‘ﬁd@dﬂlhg z&mﬂ@m&h@nygg diriexyleeing Buficp £t @5V nkrish - 2-
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body. The solsubtcge gradzent and centrifuged at 36000 xg, for 4 h. Fractions were collected and
15 analyzed by SDS-PAGE. The rest of the dialyzed sample was then subjected to a
column packed with nickel resin (Invitrogen, USA). The fractions with the purified
protein were pooled and concentrated using Centricon (Amicon, USA) with 10 kDa

cut off,

Example 10: Electron Microscopy
20 Nps protein (20 ) purified with Nickel column and sucrose gradient was absorbed to
) carbon-coated grids and stained with 2% uranyl acetate. The grids were viewed under

an electron microscope.

REFERENCES
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form of reconbinant protein was precipitated with a range of 10%to 60%
ammoni um sul fate before dialyzing against 6 tinmes changing of Tris-d ycine
Buffer (0.05M Tris; 0.07M d yci ne; 8.0). Half of the dialyzed sanpl e was
appl ied to a 10%to 60% sucrose gradi ent and centrifuged at 36000 xg, for 4

. Fractions coII d and 15 b GE, The r f t he
d| al yzed sarrp"?me iﬁ’é uEf‘@E%lAd %6 & %ﬁuryﬁ‘f’?g%zcﬁg ARdepsomy iﬁ]lel g n
(I'nvitrogen, US 0 t and
concent r at ed usﬁ?'lgJ g@ﬁt}{({t%gink @G%HMoUg%aP %dt:%gzaul% Q’Tf% 0?11%.’ IaExa | e
10: Electron M em@@mpyaraﬁymmmso&’zewlngj( 20113340349 fied wit h Ni ckel colum and

sucrose gradi ent was absorbed to carbon-coated grids and stained with 2%
uranyl acetate. The grids were viewed under an electron m croscope.
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preferred embodiments. It therefore should be apparent to those skilled in the art that
various modifications and equivalents can be made without departing from the spirit
and scope of the invention. It is intended to encompass all such modifications within

15 the scope of the appended claims.

All references, patents and patent publications that are recited in this application are

incorporated in their entirety by reference.
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It should be understood that the preceding is nerely a detail ed description
of Certain preferred enbodinents. It therefore should be apparent to those .
skilled in the art that various nodifipations and equival ents can be made
wi t hout departing fromthe spirit and scope of the innvention. It is
intended to enconpass all such nodifications within 15 the scope of the
appended clains. Al references, pat dible hind patent publications that are
recited in this application are incorporated in their entirety by

reference. 19 Table 1 N Nunber Priners used Length of % of .am no acids

del eted nNt ant/SNembBER f Peiméiiasdd Of LCeh@hMinus %afakdnéeciedeeriavel se
product \ghtahtPrioteppn acids (bp) N full R NF1 ARk t},@@\‘a_m(t_%}gﬁﬁ}us Na5S

Ee
532 NF| NR2 1596 i 2').’Eior\8ar399RNF@sd\lR2 ct29 %of NB% é%rb 5f,s 399
NFI NRb 1197 25 %5)1(9 Citerm nus M\|501 NFb 7 % of N-terrri nus

At ':“ S P5 % of

MC50f 266 -NFI—N \0 l 98—50-50 efr- MNE25F+s—266—
NC-term Fﬁlu'- wq 7€ ai s JNFI_L A ﬁfﬂ Vi rfﬁggnucl eocapsi d géne having | he
foll ow € 4+ dot'ide s bguence: e ¥ :

ATGAGTGATNE@TTTGA&@&GG:G@@?IAGTTTNR@GA STTATGAATCTAAGT TAGGGAEGC 60 61

GAT GCGAGENZF AGTIGCAGZAACT AIFACT T TRRCAACCAAGAT AAGGAT AR TG AGE R ls 121
GCTACTAAAGTLLCAGAGES CAGATIASCGAACT ARGAT T GT TIITGGACT TGAT GRA LFACAhBfhs 181
TCTCCGAGHIEEH ] QQ&AAILW:I [CGRRGT GLT T TEACACT CATCTIATSINE gfills 241
TCAGA e T 286 A T TR T T GG ACAAT T G F T8 e s
MNC254; 266 NF3 NRS3 798 25 % of NC-terminus
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301 ATAATAGATGTTGGATCAATGGTCAACGGAATACCAGTAAT GGAGAGGAGAGGAGACAAG 360 361
GCTCAGGAGGAGATGGAAGGCT TGATGAGAAT CCTCAAAACT GCTCGAGACAGCAGCAAG 420 421
GGAAAAACACCTTTTGT TGACAGCCGAGCT TACGGCCTACGGATAACAGACATGAGCACC 480 481
CTGGTCTCTGCAGT TATCACCATCGAGGCCCAGATCTGGAZACTGATCGCTAAAGCAGTT 540 541
ACAGCT CCCGACACT GCCGAGGAAAGT GAAACTAGAAGAT GGGCTAAATACGTCCAACAA 600 601
AAGAGGGT CAAIMET TCTTTGCTCTAACT CAGCAAT GGCTAACAGAAATGAGGAATCTG 660 661
CTCTCCCAGAGTCTATCAGT AAGGAAGT TCATGGT TGAGATCCTCATAGAAGTCAAGAAA 720 721
GGAGGAT CTGETAAASRGpainGTACTE s ATAA T aROACGACATCGHMMAGT ATCTFOEAGe g @hce:78 1
GAAACT GGTATGGCAGGAT TCTTCGCAACCAT CAGAT TCGGGT TGGAGACAAGGTATCCA 840 841
GCACTTGCACT CAACGAAT TCCAGAGT GACCT CAACACCATCAAAAGCTTGATGCTACTC 900 901
TA%GAGAAATTGG@@@M@A@Q@@@T@@EM@EE@@EJ@TTM@QM@ATE@A@A@GG@ﬁ@c @61

AAATTT ‘e. ACCTTTGRCA eeq‘ ecoy 021

AT TACAGGT CIAT COLAT TCAR T ATCART LT AT AT PR OLT AT TS 1080 " 081

AGACT AGGCCAARAART CATCATETICACEK T CETBEACRAT WF@@W@A@‘WTT 3% 189141

AGACTGGGACT. MGEE%@%MEE&%GM@E@@E@@I@%GH @%@M@é?@%ﬁaﬂﬂ 244201
AGS

AT R o)

AGACAGT CAGT TACETHOASANTICACK FEAGTAFET BERIGRLBBO 369381

ACCAGTTCTGT %%ME%MEMM% E440 424441
TCAAGACTGGCT GCAAAAGCA GCCGOCTCATCCAATGCAACAGATGATCCA 1500 1501

GCAAT@&AA%%&G&QWW%@&WA FEARGACETERARERET 860 “*1561
GCTCAAAAT GAGOT TEATTTCOTCAGAGCTGATEEE: A5 98GR TCRATA TERTE TGt agmi d

cont ai ni 09 & Pueheat e epeadlnboiylobhe- N bermagh. Lol dheapoypept | de

encoded by ocapsi ?ﬁ%g term na 75% of the
pol ypepti deG@n@B%GBWTﬁéG F@W&E%@%‘é@r@%@ TRACATHPM CAEEPATRES P er mi nal
50% of the pal ypepidodes@meocedrbycdrhernactencapsicdroenerafrcancana 720

721 GGAGGATCTGCTARAGGCAGAGCAGTAGAAATAATCTCAGACATCGGAAARCTATGTCGAG 780
781 GARACTGGTATGGCAGGATTCTTCGCAACCATCAGATTCGGETTGGAGACAAGGTATCCA 840
841 GCACTTGCACTCAACGAATTCCAGAGTGACCTCAACACCATCAARAGCTTGATGCTACTC %00
901 TACAGAGARATTGGCCCAAGAGCCCCTTATATGGTGCTTCTTGAAGAATCAATTCAGACT 960
961 ARATTTGCCCCTGGAGGTTACCCATTATTGTCGAGCTTTGCCATGGGTETEGCTACTACT 1020
1021 ATTGACAGGTCTATGGGGGCATTGAATATCAATCGTGGTTATCTTGAGCCTATGTATTTC 1080

1081 AGACTAGGCCAARAATCAGCACGICACCATGCTGGAGGAATTGATCAGARCATGGCARAT 1140
1141 AGACTGGGACTAAGTTCAGATCAAGTTGCAGAACTCECTGCTGCAGTTCAGGARACATCA 1200
1201 GCAGGAAGGCAAGAGAGTAATGTTCAGGCTAGAGAGGCAARMATTTGCTGCAGGAGGTGTG 1260
1261 CTCATTGGAGGCAGTGATCAAGATATCGATGAAGGGGAAGRACCTATAGARCAGAGTGGEC 1320
1321 AGACAGTICAGTTACCTTCAAAAGGGAGATGAGTATTTCATCCCTTGCTAACAGTGTGCCE 1380
1381 AGCAGTTCTGTGAGCACATCCGGTGGGACCAGATTIGACTAATTCATTACTAAACCTCAGA 144C
1441 TCAAGACTGGCTGCAAAAGCAGCRAAARGAAGCCGCCTCATCCAATGCAACAGATGATCCA 1500
1501 GCAATCAGCAACAGAACTCAAGGGGAATCAGAGAAGRAGRATARTCAAGACCTCARRCCT 1560
1561 GCTCARAATGACCTTGATTTCGTCAGAGCTGATGTGE 1596



claiml1, or d) the Ctermnal 50% of the pol ypeptide encoded by the
nucl eocapsid gene of claim1l. 3. A reconbinant plasm d containing the gene
of truncated G glycoprotein of Nipah virus. 4. The gene of truncated G
gl ycoprotein of claim3 having the follgw ng nucleotide sequence: 1
ATGGACAAT CAGGCCGT GATCAAAGAT GCGT TGCAGGGTATCCAACAGCAGATCAAAGSG 60 61
CTTGCTGACAAAAT CGGCACAGAGATAGGEGECCCAAAGTATCACTGATTGACACATCCAGT 120 121
ACCATTACTATCCCAGCTAACATTGGGCTGTTAGGT TCAAAGATCAGCCAGTCGACTGCA 180 181
AGTATAAAT GAGAARGECHABIRAAAALSTEICAANETTAE AT CREETCCHIIIAAAATCCAC 240 241
GAATGTAACATTTCTTGTCCTAACCCACTCCCTTTTAGAGAGTATAGGECCACAGACAGAA 300 301
GGGGT GAGCAAT CT AGTHASTATCEAGHAT AATANT the Tb¥eptleAMMydEACHY HAALEI 2ap6Q ged® bf
ATATTGAAGCCAAACCTGAIT T CATACACT TTACCCGTAGT CGGTCAAAGTGGTACCTGT 420 421
ATCACAGACCCATTGCTGGCTATGGACGAGGGCTATTTTGCATATAGCCACCTGGAAACGA 480 481

ATCCEATCATGT T CRAGAOCEHT (a5 A i T@gﬁ@&%ﬁ%ﬁ@l&%ﬁ@ geré bf
GACAGAGGTGATGAA TCTTTATTTATGA CTGGACCCCA TCCA 600 ~ 601
AACACCGTTTACCACTG] GTATACAACAATGAATTCTATTATGTACTTTGTGCA 660 661
GTGTCAACTGTT T

ACOOGT CTACCT GT BRI A L PRI A TR PEARE R Feeop ] et

CTACGAAGT AT CGAGAAA AETATGATAAAGTTATGCCGTATGGACCTTCAGGCATC 840 841

AAACAGGGTGACA GTATTTT( GT TTTTTGGTCAGGACAGAGTTTAAA 90Q 901
TACAATGATTCAAA %@Q@&F@%M @h%@ﬁ@?ag@é geng of
CTATCTATGGGGAT TAGAGITARACAGCCATTATATCCTTCGATCTGGACTATTAAAATAC 1020 1021
AATCTATCAGAT GGGGAGAACCCCAAAGT TGTATTCATTGAAATATCTGATCAAAGATTA 1080 1081
TCTATTGGATCT CCRACCHMMATOTIATEAT RO FIGERSHCARAC PTETTRRCTACCANGD® it Mipali 141
TCATTTTCATGGGATAGTATGATTAAATTTGGAGATGT TCTAACAGTCAACCCTCTGGTT 1200 1201
GTCAATTGGCGTAATAACACGGTAATAT CAAGACCCGGGCAAT CACAATGCCCTAGATTC 1260

4, The gene of truncated G glycoprotein of claim 3 having the following nucleotide

sequence:

1 ATGGACAATCAGGCCGTGATCARAGATGCGTTGCAGGGTATCCAACAGCAGATCAAAGGG 60

61 CTTGCTGACAAAATCGGCACAGAGATAGGGCCCAARGTATCACTGATTGACACATCCAGT 120
121 ACCATTACTATCCCAGCTAACATTGGGCTGTTAGGTTCAAAGATCAGCCAGTCGACTGCA 180
181 AGTATAAATGAGAATGTGAATGAAAAATGCARATTCACACTGCCTCCCTTGAARATCCAC 240
241 GAATGTAACATTTCTITGTCCTAACCCACTCCCTTTTAGAGAGTATAGGCCACAGACAGAR 300
301 GGGGTGAGCAATCTAGTAGGATTACCTAATAATATTTGCCTGCAARAGACATCTAATCAG 360
361 ATATTGRAGCCAAAGCTGATTTCATACACTTTACCCGTAGTCGGTCAAAGTGGTACCTGT 420
421 ATCACAGACCCATTGCTGGCTATGGACGAGGSCTATTTTGCATATAGCCACTTGGARAGA 480
481 ATCGGATCATGTTCRAGAGGGGTCTCCAAACAAAGAATAATAGCAGTTGGAGAGGTACTA 540
541 GACAGAGGTGATGAAGTTCCTTCTTTATTTATGACCAATGTCTGGACCCCACCARATCCA 600
601 - AACACCGTTTACCACTGTAGTGCTGTATACAACAATGAATTCTATTATGTACTTTGTGCA 660
661 GTGTCAACTGTTGGAGACCCTATTCTGAATAGCACCTACTGGTCCGGATCTCTAATGATG 720
721 ACCCCTCTAGCTGTGAAACCCAAGAGTAATGGTGGCGGTTACAATCAARCATCAACTTIGCC 780
781 CTACGAAGTATCGAGRAAGGGAGGTATGATAARAGTTATGCCGTATGGACCTTCAGGCATC 840
841 AAACAGGGTGACACCCTGTATTITTCCTGCTGTAGGATTITTGGTCAGGACAGAGTTTAAA 900
901 TACAATGATTCAAATTGTCCCATCACGAAGTGTCAATACAGTAAMNCCTGARARRATTGCAGG 960
961 CTATCTATGGGGATTAGACCAAACAGCCATTATATCCTICGATCTGGACTATTAAAATAC 1020
1021 AATCTATCAGATGGGGAGAACCCCARAGTTGTATTCATTGAAATATCTGATCARAGATTA 1080

1081 TCTATTGGATCTCCTAGCRAAARTCTATGATTCTTTGGGTCAACCTGTTTTCTACCRAGCG 1140



1261 AATACATGTCCAGAGATCTGCTGGGAAGGAGT TTATAATGATGCATTCCTAATTGACAGA 1320 1321

ATCAATTGGATAAGCGCGGEGTGTATTCCT TGACAGCAATCAGACCGCAGAAAATCCTGIT 1380 1381
TTTACTGTATTCAAAGATAATGAAATACT TTATA CTGCECTTCTGAGGACACC 1440 1441
AATGCACAAAAAACAATAACTAATTGITTTCTCTTGAAGAATAAGATTTGGTGCATATCA 1500 1501

TTGGTTGAG 1509 5. The nucl eoca Sld roteln of claiml1 having the follow ng
ani no aci d SEquEHEE T TCATHED YOSKLES S Wﬂﬁé‘r%ﬂﬁ%%rfﬁ?ﬁ/ﬁmo

11 DVGSWNG I DUNERATK %%C&AQ%%%P i@%ﬂ%&é&gﬁﬁ@%@t@@%@

| I DVGSMVNG

LVSAVI TI EA (W bA-ANAY 160, 6rd S rEARITEARESE T BEMAKYMQR, KRYWREFAL T2 S&%EENRN'—
LSQSLSVRKF MVEI LI EVKK 240 241 GGSAKGRAVE || SDI GNYVE ETGMAGFFAT | RFGLETRYP

ALALNEFQSD 13YT1 K&tavrir eS80 2 ¢ 8L Y REIAEGPRARY A MM A2 EESIQE ¢ KEARGNRI e GWBRANBVAT T

| DRSMGALNI NRGYLEPMYF 360 361 RLGOKSARHH AGGE DONVAN RLGALSSDQVA ELAAAVCQETS
AGRQESNVQA REAKFARGEYTM2OARA2TALTEGEDODIE DA BEGEERI FOSG:ROSVITAKREM (Sl SELAANSVP
SSSVSTSGGT RLTNSLLNLR 480 481 SRLAAKAAKE AASSNATDDP Al SNRTQGES EKKNNQDLKP
AQNDLDFVRA {%ﬂ15@5FQ§ﬁcaﬁﬁﬁﬂﬁﬁﬁﬁ¥ﬁé€ﬁﬁ$@§$%ﬂﬂ?ﬁt@ﬁﬂﬁA%ﬁRﬂTéﬁ@ﬁﬂ?ﬁ@@ﬁﬁ@ﬂTﬁﬁﬁﬂa1500

nucl eotide defined in claim2. 7. The truncated G gl ycoprotein of claim3 or
4 having t he''fof [ OW A arjnSﬁ% acid sequence: 1 NMDNQAVI KDA LQE QQQ KG

LADKI GTElI G PKVSLI DTSS TI TI PANI G. LGSKI S@STA 60 61 SI NENVNEKC KFTLPPLKI H
ECNI SCPNPL PFREYRPQTE GVSNLVGLPN NI CLQKTSNQ 120 121 | LKPKLI SYT LPWGQSGTIC

TDPLLA GYF R : A 0, E PPNP
NTWWHCSAVY. NNER IR VTG T SR Reear e S35 e RO bRk CEEYNGHOLA
LRSI EKGRYD KVMPYGPSGE KQGDTLYFPA VGFLVRTEFK 300 301 YNDSNCPI TK CQYSKPENCR
LSME RPNSH Y| L RESGLHERM SNEFSDGENPKVENVEMERSDORLI R3BE ATBEIELSIEGSREKINVIR S GOPVFYQA

SFOUDTM KF @VL&VMBEMV\F/L\AARMM SRBEOSCUERE o420 1420a NICPEREVEG VYNDAFLI DR
DRNGLAEDEN:F TNKEREL L XA ASERT AR LV%E%ITE'@S%M% SR

LVE 503 8. ransf or me scheri c ia coli havin I nant expreSS| on

pl asm d as ]cﬁllalTﬁEIaFA'EIﬁSE ’EE}RE{H?,F.V%Q KRVNPFFALT QQWLTEMRNL LSQSLSVRKF MVEILIEVEK
241 GGSAKGRAVE IISDIGNYVE ETGMAGFFAT IRFGLETRYP ALALNEFQSD LNTIKSLMLL

301 YREIGPRAPY MVLLEESIQT KFAPGGYPLL WSFAMGVATT IDRSMGALNI NRGYLEPMYF
361 RLGQKSARHH AGGIDONMAN RLGLSSDOVA ELAAAVOETS AGRQOESNVQA REAKFAAGGV
421 SISSLANSVP SS3VSTSGGET RLTNSLLNLR
481

300
360
420
LIGGSDODID EGEEPIEQSG RQSVTFKREM 480

SRLAAKARKE AASSNATDDP AISNRTQGES EKKNNQDLKP AQNDLDFVRA DV 532

6. A truncated nucleocapsid protein encoded by a nucleotide defined in claim 2.

7. The truncated G glycoprotein of claim 3 or 4 having the following amino acid
sequence:

61

121
181
241
301
361
421
481

8.

9.

MDNQAVIKDA
SINENVNEKC
ITLKPKLISYT
DRGDEVPSLF
TRLAVKPKSN
YNDSNCPITK
SIGSPSKIYD
NTCPEICWEG
NAQKTITNCE

LOGIQOQIKG
KFTLPPLEKIH
LPVVGQSGTC
MTNVWTPENP
GGGYNQHQLA
CQYSKPENCR
SLGOPVEYQA
VYNDAFLIDR
LLENKIWCIS

LADKIGTEIG
ECNISCPNPL
ITDPLLAMDE
NTVYHCSAVY
LRSTIEKGRYD
LSMGIRPNEH
SESWDTMIKE
INWISAGVEL
LVE 503

PKVSLIDTSS
PFREYRPOTE
GYFAYSHLER
NNEFYYVLCA
KVMPYGPSGI

YILRSGLLEY -

GDVLTVNPLV
DSNQTAENPV

TITIPANIGL
GVSNLVGLFN
IGSCSRGVSK
VSTVGDPILN
KQGDTLYFPA
NLSDGENPKV
VNWRNNTVIS
FTVEKDNETL

LGSKISQSTA
NICLOKTSNQ
QRIIGVGEVL
STYWSGSLMM
VGFLVRTEFK
VFIEISDORL
RPGQSQCPRF
YRAQLASEDT

&0

120
180
240
300
360
420
480

A transformed Escherichia coli having the recombinant expression plasmid as claimed in

claim 2.

A transformed E. coli having the recombinant plasmid according to claim 3.



9. Atransfornmed E. cols having the reconbinant plasm d according to claim
3. 23 10. A fused formof NV nucl eocapsid protein having the am no acid
sequence as clainmed in claim5. 11. A fused formof NV truncated

nucl eocapsid protein having a part of tjm amino acid sequence as clained in
claim6. 12. The fused formof N V nucleocapsid protein of claim 10, wherein
said protein consists of at |east one i mmunogeni c conponent. 13. The fused
formof NV truncated nucl eocapsid protein of claim1ll, wherein said

protei n cdhsi sttsfiskd dornh edNiVoneclearapsid geotein lravingo thendminbdacidl kejuensaumogeni ¢
conponent of ckhimedi d4imll, wherein said i nmunogeni c conponent is |inked
to the carboxy-term nus of NV nucl eocapsid protein. 15. A reconbi nant

nucl eocapsgid prpfigkd fern bF BaY tinksed hbdlbodapsid dRalirehling s RIS (Ag amid 0 a
particle form ad§.sequeBB@ry@agRIdI iR RlaiA@TPOSI tion conprising a therapeutically
effective anount of the reconbi nant nucl eocapsid protein as clainmed in
claims 0ngb. fe MANBRBGENIY GRLISORRASIbIR of AR 1D Yhefbif NAHARGIH Cal Iy
effective amounf tsof fedsESA R DA el € %ﬁ&?rn?t eln as clained 1n claim?7.
conp ing

18. The phar IT&CEUS?I ca osi t1 on &ccor 0 claim16 or 17, wherein said

conposi ti I sqhor. t apeuti.c, pro | actic and prevention.purposes., 19. A
di agnost i 3Q'r ea ﬁtfusgg%{,rﬁé}g %;fﬁ‘ﬁ'ﬁﬁ‘%gﬁlﬂlf:@gc?gﬁ@ﬂf’%ﬁo ﬂgmil E&b%%ﬁwld
nucl eocapsi d pPETEORYSIE PLAIEIF! PRE UEYRRSENG CORIPOBYHIL. A g agnosti ¢ r eagent
conprising an effective anount of the rieconmbi nant G glycoprotein as, clained
in claim ¥} 24The ammynogenip g@minepelr ofdcleimgl?r 6 dabivigAil atd EBREBB@I%Dr ot ei n
of clai m5 conpempemgt isdinkgd owihe garbesytasmmenstof B5 ¥ aiclegpapaid@bieicont ai ni ng
nucl eocapsi d protein genes of N pah virus in a nedium b) allow ng the
reconbi nanb. pr ¢t sicombinapt wpdepsnpsid prokge o€ Nipah vinsdhat; is capable of assembling

into a particle form.

16. A pharmaceutical composition comprising a therapeutically effective amount of

the recombinant nucleocapsid protein as claimed in claim 5 or 6.

17. A pharmaceutical composition comprising a therapeutically effective amount of
the recombinant G glycoprotein as claimed in claim 7.

18.  The pharmaceutical composition according to claim 16 or 17, wherein said
composition is for therapeutic, prophylactic and prevention purposes.

19. A diagnostic reagent comprising an effective amount of the recombinant
nucleocapsid protein as claimed in claim 5 or 6.

20. A diagnostic reagent comprising an effective amount of the recombinant G
glycoprotein as claimed in claim 7.



c) harvesting and lysing the Escherichia coli cells; and d) purifying the
| ysate to obtain reconbi nant nucl eocapsid protein. 22. A nethod for

produci ng reconbi nant truncated nucl eocapsid protein of claim6 conprising:
a) grow ng reconbi nant Escherichia coli .g(ont ai ning truncat ed nucl eocapsi d
protein genes of N pah virus in a nedi ua‘u b) allow ng the reconbi nant
protein to propagate in Escherichia coli; c¢) harvesting and |ysing the
Escherichia coli cells; and d) purifying the |lysate to obtain reconbi nant

t runcat ed 2tucl eoozfimiddopptieding re8mbianenuvbmbcimid protdo of clgint 6 contpiisiapt
truncated G gl ycoprotein of claim7 conprising: a) transfecting an insect
cell cul ture walhg@wiag tdcombinagt Eetteatinngl/iaoniond noeodcappidgacieih gaes yi ng
truncated G gl ycoprNipahwirgeiesmediu;pah virus; b) allow ng the recombi nant
protein to propagate in the insect cells; c¢) harvesting and |lysing the

I nsect cells; eu)dalmwiagvtﬁefﬁéwiﬂbihm_ﬂratﬁﬁtts phébaBt 3 BsdReeABi ANt truncated G
gl ycoprotein. 24. A nethod for purifying reconbi nant nucl eocapsid protein as

claimed in claidn Barv&BR 2hd g B ZRERFARLIBLIRGs; bRg sol ubl e recombi nant
[ b) d [ ’

protein wi th anfroni um sul phdt e; Ialysing the precipitated reconbi nant

protei - obtai neg jiiffe 1 A4S [Bthin ElodbARH HAPRb.AGId G eL:eCONDI nant

protein using radient centrifugation or nrc inity colum

chromat ogr?phy_;A %gl%oqg ﬁ)g%r%@%iﬂg%c&ﬂginggtoﬂna&gteﬁhneuc e%&lﬁcs%c? gro%ilqto ici]airfnréjl ctions
r1sing; '

for concenttation
comp

a) growing recombinant Escherichia coli containing truncated nucleocapsid
protein genes of Nipah virus in a medium;

b) allowing the recombinant protein to propagate in Escherichia coli;
¢) harvesting and lysing the Escherichia coli cells; and
d) purifying the lysate to obtain recombinant truncated nucleocapsid protein.

23. A method for producing recombinant truncated G glycoprotein of claim 7
comprising:

a) transfecting an insect cell culture with a baculovirus containing a recombinant
plasmid carrying truncated G glycoprotein genes of Nipah virus;

b) allowing the recombinant protein to propagate in the insect cells;
¢) harvesting and lysing the insect cells; and
d) purifying the lysate to obtain recombinant truncated G glycoprotein.

24. A method for purifying recombinant nucleocapsid protein as claimed in claim 5
comprising:

a) precipitating the soluble recombinant protein with ammonium sulphate;
b) dialysing the precipitated recombinant protein obtained in (a) with buffer;

¢) fractionating the recombinant protein using sucrose gradient centrifugation or
nickel affinity column chromatography; and

d) collecting and pooling the purified protein fractions for concentration of the
protein.





