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fol tit d i
bot h_cases BPBEUEY () BEPT ol CEBP BesRrs e 70 Caigphieharanidsnal 17
Char act er i zaecognized ini Ipémaryt bltmyiyclrrrm&pod§mnglenlell%&7e1@813§25°§1)1 Thetefare) | wef 25
Bal bl ¢ m ce |H§d to rﬂutla@THiQ' r—rzg‘?tg\ \miﬁr{‘thé?rd{@n g;a\BHrénfy'a’ﬁf&rﬁﬂahﬁe feBpdns€ When

adj uvant ; nimal s our_doses. an he .anti bodj es anti - DEN

were 5 eval urafr@alzeﬂ/'réwr@ns 35 gimeristhreiss: the: raptateg 'ﬂ?fo"%ﬁlﬁ-f ?”'i/\}é'?’%f‘t'%t ai ned

while, g reaetisediva ‘Wﬂésé)ltﬁllﬁlbﬂetﬁhl ag@slﬁtﬁﬂedttbeersefetandflmtnlueo@ercom yprasng t abl e
2 and table

| ddi t t | A
was done anc?"%;rﬁlipn‘ﬁ%spg?t ’%§°%PFF%5§ Sﬁ/@rog%Fg In%aﬁgggs@h é}:{ﬁ%ﬁ@é{%@' )
table 5). FiGiadd, , RulageT.iSerane,rloSosSr Gbnziezi Yriwieres; Gadiaz &errez

neutral i zat '@rbﬁi{ﬁé‘?\rﬁ/l ‘Eflazli\/?&#g%é"@séab@@b %V@éﬁnﬁQ@t@'A\%@ez HowRmey, G.no 10

neutralization the viral infection was found Et he rest of t he
serotypes (tGWies, R.afilyar Sgfely snd prejipdieary é@mUP%gq"f’f Y tthe (TRePpRinAnt outer
serotypess paﬁerf\lbrﬁhé profein dfinpissBfia lb@rdngmﬂsahlhomhledollhr)ted?klaloteéfabbp! Rioch@nt.i body

titers agai omthe,sera Lpned Mpo i d W th
PLL1. Mouse @El\bé%t HOWRYRY B PgSsIDle, 3‘9 gt 8 DiRP i B@ﬂt H O’{"t erSJ‘?%ﬁ/ 128
000< 1: 1002tlbinoaatra1@®¥etﬂsmm®1M/ Nsaﬂsooo&w 1Wu19 04 Hayes) 85. (Fougluation Qfotb51 / 32

000< 1: 100 / 128
00 0: 1 10 O%Qte?&g 58 of &Q&%ﬁ'\b{naﬁﬂd%gé eﬁvek%l{féoﬁ Hom3id 86K Pﬂegeﬁiggﬂﬁs; e

ters |
the ani mal s JOREUM? YiEus 'me?tr?"mwe /wﬁdg@ﬂ"('%qu% 99§ ’5866%’5%62)35\#2 PLLA1TI ters
by H anis - [ﬁlﬁbhe'ﬂﬂi‘&riﬁmﬁ&ﬁheﬁﬂbhﬁ&?l 640< 1: 531: 320< 1: 541: 320< 1:

55> 1. 640< 56> 640 3 nl:

510< 1: 5< 1In tg's*"ﬂ‘leé‘t'ﬂ’ % ?F%ct“gé%érge @é%nﬁec(q %@%?rﬁ g“ﬁcféo %estg ﬁ%n%tt%a?éﬂw capabl e
of i nhi bi ti rigtredueediatreauéxprésaian ivestoro ive dosty @lr@erytnmt@loypwb@mdy@msa
hemaggl utination viral units.
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10 Table 4. Viral neutralization assay with the sera of animals imunized
with PLL1. MouseNeutralizing titers* anti-DEN-2 PLL1Neutralizing titers
anti-DEN-2 PBS C(-)11: 320< 1: 521: 320< 1: 531: 320< 1: 541:320< 1:551:
80< 1: 561: 160< 1: 571: 320< 1: 581:40<1:591:160<1:510 ~ 1: 320 ~< 1: 5 *

The neutral 'gé'bﬁg ééc%shwrﬁe i d#%e'q’s sb I‘gﬁ,dhb,g{é@ﬁfy gg,g.}[gtltﬁa @Ec’c%ﬁrﬁw

havi ng 50% 1on o VI ral
Cr oss- r eact Pengue virys.£3 faginstanqe, Hielsequeace £eding fg@a wsgepééthBPEE@ regteiniflomand

viral neutr ééér?&fe'd?ﬂwe"vlrblfbeifd?ﬁ)é%f fAe Dfenguitl virab Slnkéﬂwlﬂ'\ezﬁ-&brwﬁahfrﬂniéht oﬂeD
M xture of sera *ELIS N- 3ELI SA

(anti- DEN- Myiates Eff@"lW&'&)gﬁh@f°9f2%3eoff&!'w1m%i<fr°f) ﬁ?(fﬁe’ !S"L‘il’i’&”éi’f %d’i €28
000< 1/ 100<sddoh@@add, xrﬁm@uefﬁcmmg%ﬂ & teqivhi of DiENDENE peotdin HifBENHE Me entire

anti-DEN- 3HL_an r alizin
titers *** Ngu'?er Jg:ﬂi‘é;ﬁ%@&% ral rz) nf}%\ér%? OS'M Zi nl?r\lérg?ie%twoffh\éﬁ&&égf%@%&ﬁd )
anti -tit er s faithe stoeral derais Oéﬁ\ﬁlMQERFOMDERPIQQC@Emlﬂg fomgip-and M3’ endok 1. 52
(PLL1~< 1 %ﬂegewoaﬁdln tr%ﬁmld cé?se thE%@ll?néFI:)ébq{féhcé@&eff&m(bbeoW@Qrﬁ@n@@fa o
The H titers were defined t he est di | gg)aE_R\L%a B}# i ng
t he hemaggl the HENE BFPIQIR frﬁG‘cf%’@ déﬁemf’ 'é&W@ESMH@P gdvee ﬁ%ﬁn on
\é! |Fa| ~unpt ?poﬁﬁbn’%*o:]th'éhm}mgui oAb Withing paiticalassiteof ﬂhedetﬂuaneelcmglfbethbilmlest
ilution of _serum havin i ? S.
EXAVPLE 5. &6 é’i"}%‘inﬁg“&ag‘ﬁ%%?yé%gﬁ%g t'g'r)n&u%tﬁéerd{‘?‘ eyg'igc;ﬁeﬂhégiémﬁ% (séegé’ofﬁ‘ R for
t he am no adhigsvasrcelirdzBdmetc eppetrust. t he envel ope protein fromthe DEN-2
virus (Sec. T‘ng cHiteric BlotiRsS warP bbthined! IH!oUBIet Mmﬁlmaowé@h@mtsl d@é?pldsﬁﬁml fied

in the |ist of sequences as Sequence .1 and Sequenc fromthe
DEN-2 virus PsitlfﬂcéF"Pf‘ Q@ﬁ%ﬁsyﬁ)'e"'!l@(?%d@@ﬁ "('Q%'Lﬂf@l"ty\Fhm"P@tPﬁféRf‘yliﬂmc) WP%HP“GD'

Nucl eot ige Wﬂéﬁt@mg@e WSS MindrRoehisg@uRRae of the nonstruct ural
proteins of Dengue t

virus, Jamaica gl notzlyg Ia}y r&ﬂ@/il s of
the full-I eN&'ﬁ%‘ Q@WSW@WQSBWSOU?%W%@ b4 99"“@" &1"6¢° r eat ed
by di gest i orchiderit h@rapdifet fok sthpl agperiehnwirieh aXitc | liquide o (IRUAFWhantiDENNWas ns t he
nucl eoti de s hat o i f t r ot r S nce of
6 histidi nefﬁ@@%[fg??éé’eﬂg% lfo‘??ﬁé ‘BQSC? %/ll?l(}oq’ t‘értﬁ#{égﬁ]{éﬂ\/lbﬁ gsert\lﬁglgﬁof t he
anplified fresigemees d)pomeﬂmtwnrthe fpédlmg)@f they regiayi fmﬂn ther DENe protain give bdomai n
of the MgH RROMBH) In th@@é’seg'mg@];é tﬁ@ serﬁf}ﬁe B X8 kb all F&Gﬂﬁhhﬂ%ﬂﬁ&télny\@b@maﬂla' yzed
by restriction enzy I gestion Mt@tl ve, cl o&g \ge %g%ug%ﬁ &d
check up t hé’Vqr%lFﬂS’PQW by@%ﬁs@v%fpeew P%“t B 2NYEgLRER). BEINg & U es on
t ransf or mat iygd cafe FFIRRISION b EheConltire MDHI‘gepbaﬁﬂvdBas ih. thé/dimeriBipodtein. It was
166: 557-580) were tr rmed wi.tht d, cl | ig
and Sequencéi$4P bs?’?’)"‘gqﬁk "EFQSRItAY fcer'%e ﬁ@'f‘gﬁ {oF1 tr?g h%ﬁ%log&?s ée?ay‘%)@%ﬁ%\
t he cel | ul arcabg s@s signisardiy ighepthan tlneempgm@ns‘gr Ih.klm'&ﬁifom@e dstesqlopoys V\/m ch
account eft f QL &38)4% Oéwci’eﬁcﬁm&@wet %%ur@ ot §é1‘l)t9p5e Pde@fﬂ@ 'eﬁlfopeg_ BRd Eér?rﬁ-tﬂ thub fts

protein obtain corresponhd sum of the size of protein and
t he DENe pr diS€i@f awa@gﬁﬂﬁwqaﬂé%qq@eum@%m}m*% The protein was recogni zed
i n | nmunobl oivhémgll thg racdrﬁ%anaammedDEb#ofélrsmbrwaBmdammn maited neltrdlizihGegdence

No. 28 ificati

bt ai ned {1 pEryerebhe VB (iing sl hodielify Blefy Slre Lftaed Wifpng
di srupt ed bysefuences fpsessdo tiheentieec gats rAhnthe pMBHeiaHd wth et QI"FFEG Pietaidt h
TSLgBa ¢ f%dnfﬁh@ecp%ﬁgendg %?ltﬁébécﬁ,ltloE ro@'i’ﬂoetn fg@ﬁhﬁ@h%é ANl $tbte. ﬂ'ﬁfsadhovsvgd EE
col um previ 'MWPQS%BFA&&%@\%M teg, immyng, tesp %%?fﬁ’%én@e 5@3“@@?8@ 0§

| m dazol ee 1&(pﬁ§Mearb§i tméwmpmemenmthmduag ot tad DﬁNerprdatmndefmteeen fe dnfifenidity On

the ot her hand ﬁ/'vx}ag a%%%%e oRdatbd'8r hE Brst BRE! éhlalc%n{rér?‘f& fh%rb[%wo%sot ei n,

extracted usih tsl?tb supernat ant, cont

was | oaded ostete of tmfart;dlhalrithe t"aﬁOélblllhﬂ plathese Ipeoteing ge r@blaﬁeﬁg@ﬂtcapaWeﬂf
fracti on3pbt%n@paqng\@§u,;alg%nmmﬁgeé§ p&ite0 theChel ating-sepharose FF col um
(Phannaci a Q 1nthe presence of Cu++ ions. The protein was eluted with
| m dazolee 100 M Finally, the pure fraction of each formof the 30
protein were | oaded onto a G 25 colum to obtain the protein in the

formul ation buffer NaCl 100 MM KCl Z 2 mM Na2HPO4 10 mM pH 7.2, KHZP04 1

nv (PBS). This preparations were used fog i mmunol ogi cal studies. 12



EXAMPLE 7. Antigenic characterization of PLL2 The purified fraction of PLL2
was characterized either by its recognition by different polyclonal sera
andl or murine nonocl onal antibodies, as well as by positive human sera to
Dengue (table 6) 5 The highest recognitions in Dot blotting were obtained

with the HVING %)ﬁgkr{%nse ?Eod'ﬁ@é\oogp'a@ R cQé’esFWEg s@@pg%ke&n? (é?-ﬁrB@Jre

serotypes mas Iess case O ser ot reasi ng
DEN-1, DEN- 892ty theN-immunized o Remejegnuss Sg@h’éﬁ)at 'édtﬂﬁy \@rtahereurrpwrm rm,e | i ke

the Yellow E@M@éﬁg\(mﬁé&naﬁrﬁbrﬁéiﬁanﬁaEDSAL% Qe@f’é?ti@ﬁfbﬁ'séﬁoty%e-‘ébédrf&: émrdocné& any
recognition at vert hel ess, rel at

reactivity W8N %H?ért darfon?te?}aé’ﬁblﬁrtal‘fg?ogcnﬁgn %’H%&Sﬁf’ﬁ'f’ﬂ'gﬁ f&"} H"Yshgf PLL1 )
ei ther by Dbéteinlagbusinsbritgrsese tivat bfavbur Gontimanunoerdiagertent t bigenBireiumesttis s, t he

recognitiong rgaellislflf |slva‘t§ne;’;4_‘$m¥@§n&@%r ﬁ'%r@eb}@(gﬁrﬂeﬁt%? aVaelicd &?\dgﬂfenag% irdf €

present in t e sa conformati on f erence
bet ween bot Hwepﬁaengye yisus §ngecthe yecogmr@rmfa?@t'bqrirqsgo heterolegeus serelvPeR eyl Rera of

high ti tersoﬁ@gftﬁggﬁgegforh@wqémdrmggc@gm &ENpDB).was neasured, achieving a

subst anti al nal 15 in rn bl ott ng and t bl ot ti ng.
Table 6. ReBEERGA ftyWak,showedh e 'Prfu&ﬁomﬁkﬁmﬁreﬁﬁs AP M R BRPS SED
protei n1ho immosEaionlwithrjost pak ot enetimeritt prowihs ewhictSpeniits itine foprhufatidPLef2a sol

of 10 pg of R eLi AP EBR gl seutrR ol Poutalibe ficerdhanfl 172

was eval uat etlinferiopfoteinso ++, ** HMAF were used 1: 100 while the Mab 3H5 was
used in di | dibQBtahninP80he MitanEMBH Eﬁk&rﬁ@orﬁ%ﬁ-ﬁmﬁhé blinSinatioh Wt theYfipdic &&d | ow

Fever virus. SLV: Saint Louis itis vjrus

speci fi c- sepBdipgeite thfsseq”@%‘ﬁfﬁﬁ&ga b@ﬂ%ﬁ’r%{b h8r9°¥%{?“td?1[‘|%'f9 ?ﬂb‘siht?yg%c&iy
res ponsasgemﬁthaﬁeaebsbm &thine gfbub@bfarysmxf (K3 BT WRdIoh IN; AniireeC, \Beiaad UP pt @l niviipoyt ed
with 35 ug

f our doses éh@ﬁé{rl f‘%??‘r’t%f"?%h %eso qﬁh"“&ﬁﬂ?'ﬂb& é}ylgﬂﬁ%am?eﬁvc Xlr%&%h?—? prLer

anti body ti tbgrasti-VM@autcantidodids 2 Remary 8libryi Gieltbsish iJllmmunag 18821368 ¢#3- {]'O)Was

b d
Sddrtion, § ﬁt%réé%eé??%g@%g%&rnﬁrﬁrﬁﬁﬁg&‘aﬁ‘%* FinfsrS Rt e Atmibdl.
posi tive ti tregien (fiomethe start¢odarenf the Indicsere ‘{"E'Hb? e %ﬁ'ﬂjb'ﬂ%iﬁq gite (§° bmﬁﬁ‘ﬁl ly,

the in \QOtrQhé‘GJ-!érthdl 3ﬁhé rbte?fm%)m t“@ﬁpdi’@ékﬁ’d &H@in@@itétdrﬁl théatérﬁjrbflthd@’n%) of 1:
1280 agai nst, DEN-2 wer.e t he re u ts

woh POLL eHnBeiny STIDESS B Ropsiiie T8 snsrats Hytb iR Eazlbe, i Aom Ao L ne

rest of the istheduppeslinidahbbis. 9 and table 10). On the ot her hand t he

results obt aq{;,%g th; &Q[’?ﬁmﬁb@“;s of PLL2 were simlar, indi cati ng that
[

t he sol ubi | tein do not influece in the capaci t

of
gener ati ng fRIgEMIdOREET, a:rH-?,bBHﬁe?‘-HiBP%IPé-H? PAGt PAG&EPALY &1 YRR DEN- 2
fromt hezsserraoehr«ae oéﬂé@nadcﬁiﬁhhgl 62tk OBudBesT T6aty i NhelBeBizho Cobldmatead

i nsol ubl e. seTr t?é/ﬁgantl Eéﬁlﬂjj T@%di&i%%ﬂ%“oﬂﬁ Zliarlflnfogaiiua%dl QZEBS

c(-)1> 1: 12”‘8 ‘%5‘66‘10 pyganism
0001: 128 OG@derlthe a€@dsnimbetPebdifg). 1: 128 000< 1: 10051: 64 000>1: 128 000<
1: 1006> 1: ¢ g 00< 1: 10071: 64000> 1: 128 000< 1: 1008> 1: 128
0001 64000 LR rRtibef BBt 00 ) L ea000< 10 100101 128 000> 1: 128 000<
1: 100 14 Table 8. Titers by H of the sera fromthe animals imunized

wth PLLYD s% q. Dhin r@,g—@tbgpd)fehe BbfsgenEnt lobtalyPLU * anti-DEN-2 (PLL2) Titers

by H anti - P sPL |nsPBS 40>1: 640< 1: 52> 1: 640> 1:
640< 1: 531: ’:’fgméﬁ‘@ig‘fe"?&?eﬂ %ﬁﬁﬁ"égm 1: 551:320<1:5<1:56> 1: 640>

1: 640< 1: B\Trerm Nigkdiide S20ence tha eclifies for §@liest 45 Srhinoaeids ofthe BBBkPratein5 10> 1:
640> 1: 640 3 élonrﬁ?ﬁt A_%Iggtdf{h%r@f h@ntq@BBt?ﬁ@LE‘f the highest dilution

capabl e of |n rgl tirn atr on of goose's erythrocytes agai nst
8 hemaggl ut |Dﬁ‘ﬂe%ﬁraomeaﬂofuﬁuenseoppmtengf DEMN¥al neutralization assay wth

t he ser ay9f m@Hnaér@drog'gw’}bmnw th PLL2 sol uble and insol uble.
MouseNeut r al Il-' Zureg\'i Ii:'lonrng strategy ofthe[g\#ragm%ng"(lci %htam"gﬁ_g l1zing

DENe2: Fragment of the envelope protein of DEN-2.
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titers anti-PLL2 sPLL2 insDEN-2 PBS C(-)1> 1: 1280> 1: 1280> 1: 12802> 1:
1280> 1: 1280< 1: 53> 1: 12801: 640< 1: 541: 640> 1: 1280< 1: 551: 6401:
640< 1: 56>1: 1280>1: 1280< 1: 57>1: 1280>1:1280< 1: 58> 1: 1280> 1: 1280<
1: 59>1: 1280>1: 1280< 1: 510> 1: 1280> 1: 1280< 1: 5 * The neutralizing

titers wer eF@f_[: idaf Lhenithgthest dilution of serum having 50% 10
reduction of t ﬂjrggg%n Vi

_the nunber of viral Iaciwes. C;gabhldﬁ-d'ﬁo' Cross-reactivity assay
agai nst al | Fiavee 4iGlonnasiatsay pfdae %&r@_@g};\tp = viral neutralization with
the sera of pgENeffHrggndibithe@fledpé profeino? DEBLUDl e and insol uble. M xture of

sera *ELI SA (.ant.i - 1EL| SA nti..g)Efl\lr- j = I anti -
DEN 41 L DR NuolktiissEuencs baftols it GBSO il ddqe drblediod BT
64000< 15 106igute &.@@dnirg strategnof tke E1 fragment ®40&PLH2100< 11 1002 PLL2 ins. <
11100> 1: 1 ! foENsf. ure of seraH **anti - DEN- 1HI
anti - DEN- 2H&3%?%@H@g%ﬁh%%%85%ﬁ°%ﬂz sol < 1/ 5>11 320< 1/5< 1/ 5PLL2
ins. < 11 5>NitgpnjNugledtide ppguenrs ihgl godifies for the first 45 amino acids o e MDH protein.
of Neut r al i ZiFiiiNe 81 Clahing stragdye ot tha ENl fragrodde td obadin Pii@sera *titers
***titersti itersantj-DEN- lanti - DE i - DEN- 3anti-DEN-41 PLL2< 1: 51:
320< 1: 5< t'fl%r@% gﬁq_rﬁegtgﬁth%iqve%gsgrofm(&l_ﬁmB * Each mixture was forned by
three sdba. MUH:TdEhdebge;riaseamstapbre. defined as the highest dilution capable
of 1nNIbi L1 frl)f, Glofiy BafHoy bof B Regrdnt xR PAZL Y hr ocyt es agai nst 8

a nits. *** e

hemaggl utin on viral~ u > neutralizing titers were defined as
t he hi ghest QENedtFragmest obtbe amvelonRs PIEILefdENsdtuct i on of the nunber of viral

pl Sq ]cheS : fEXA\IVBIF;E Nlcleblifede Bﬂ(xjéiﬁe it ¢dlfids bPthé st wahiaotabmoflsm\ancpmteimat f
codifies for_the i no gcids 0 36 426 . e envel ope protein from

t he DEN-2 viﬁ'%ﬁ’@]@m %fat%.o%ﬁ)%&% m%lrgr%rfﬁl alng%A%?t h the ol i gonucl eoti des

i denti filsd iDENe3eFragraéntof the eonetape peotarsofSdNidnce No. 4 and Sequence No.5 from

the DEN- 2 vi : ' pe Jamai ca (Deubel V., Kinney RM, Trent D.W
Nucl eot i de s%%’eﬁ%hg@gﬁeﬁsgﬁh%eg am no acid sequepnce of the nonstructural

protei ns of Figurednglgaing rteqy of the s fragmantite aPBR6CYpe: Conparati ve anal ysi's

of the full-Dengt FragReRERthYeh@icpe protéi®sr DE%3234- 244) . The vector was
created by di of th lasm d with Bam H' | Bam H whi ch contains

estio e pb4 p
t he nucl eoti@:smgrﬁg@aﬁﬁa‘f‘%%di fies for the MDH protein and for a
sequenceof Figure 40i Clomiegsstrategh ofthe 4 frpgroerd trobteBegidnce No. 29). This
di gestion p L 1,S I f lified fragnent by PCR after
R b e

the G term protei n. Upon |igation, the potential

r econbi nant N-espNugipstigesaguenpe that eqdifies f%weé'ﬁﬁﬁémﬂ‘i"gé@? pighe MR RSNt i ve

cl ones wer e [BgEHanCEBnihgstERy lof e El fragmermed obtarsPID2onpet ent cel |'s WB110 were
transf or ned Ii%&sh'f:he sel e ted clone .ca{mﬁg pLL3 (Fig. 3 and Sequence No.
30). Upon griohiefy edmetsf Binenygone@iein PAN4 sps- PAGE of the cell ul ar

| ysat e vitis ddibid: détydmgetaseestdnt. a 80 kDA band was obtai ned, which accounted
for 20% of t ; i bi " the protein obtained
correspondeﬁg%geﬁtﬁgbgﬁ%%ﬂtﬁg@g‘igtz%fgém?ﬁg@%fm% ein and the DENe protein
fragment fr oAENefe Fagnent of theggveloneP #piB PEPENRas recogni zed in | munobl ot ti ng
by a HVAFI anbH- BEiVdrgande Wagantienonmi nated PLL3 (Sequence No. 31). 30
EXAMPLE 10. Il,izuri f‘lj C?H on Eft tgle\&gfup {I:%t ein 16 The bi omass obtained from
the E. coii 'S8Y&13- FIPQRg PEFRGHORPER p[E "and grown at 37C was disrupted by
French p3(essDENév Fragmentf therenvelopst psotein @bOENHKt ai ned in both forns: sol ubl e
and i nsol ubl . i Y A othe protein was extracted using
Uea 6 M an'gErEI{%ﬁ?ﬂ&%ﬁtﬂdﬁ%ﬁﬁn@%%n[{rg?ﬁmgé?ﬁ'e PLL3 protein, was | oaded onto
a G 25 col unMDHpdehydrqorpasgmitathe chaotropi c agent. The fraction obtai ned
was then | oaded onto the Chel ati ngSepharose FF colum (Pharmacia, U Q in

t he presenceeExAMPLES OFPERFORMANCEUM was washed wi th | m dazol ee 30 nM and
the prot&dn was eluted with I mdazole 100 MM Finally, the pure fraction of
t he protei n EXAMPbEde@bwiring of RELAS col um to obtain the protein in the
formul ati on buffer (PBS). This preparation was used for immunol ogi cal 10
studi es. EXAMPLE 11. Antigenic characterization of PLL3 The purified
fraction of PLL3 was characterized either by its recognition by different
pol ycl onal sera and/or nurine nonoclonal antibodies, as well as by positive
human sera 15 to Dengue (table 11 ). The7hi ghest recognitions in Dot
blotting were obtained with the HVAF anti -DEN-2. The recognition by HVAF
agai nst the other serotypes was |lower than in the case of serotype 2, in
decreasing order: DEN-1, DEN-3 and DEN-4. The anti bodi es generated by ot her
flavivirus |ike the Yell ow Fever virus and the Saint Louis Encephalitis
virus had not any 20 recognition at all. Nevertheless, related to the Mb
3H5, a great reactivity was observed (simlar to those obtained with the
PLL2) either by Dot blot and Western blot. Contrariously to the PLL1

e~ oW " o -




25 titers and three of low titers against DEN-2 was neasured, achieving a
substantial signal in both cases by Western blotting and Dot bl otting.
These results were simlar to those obtained with PLL2. Table 11.

Reacticvi ty of PLL3 protein to nonoclonal and polyclonal antibodies. Abs**
Speci icity*** ¥ AdVAG, AVIRF N- 4
TPoC v e ikdioertierdeTingy Eaquidier el arhind deiddMibim 2o 18 4VBF e
purified PLEMVElGRS Bigisin &@m W?eDEHr?erYEF% ySef: 'E’hé‘%lzﬁhﬂasoﬁma'ffﬁ%d”‘ﬁh

eval uated f bﬁg@hdclédlldéshdeﬁtﬁleh"h‘l“tﬁe\n&rcﬂ! suqmdcés ak08kqobndeeNd. handBbguinbe Was used
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Table 3. Titers by HI of the sera from the animals immunized with PLL1.

Mouse | Titers by HI* anti-| Titers by HI anti-
DEN-2 DEN-2
PLL1 PBS C{(-)

1 <1:5 <15

2 >1. 640 <1:5

3 1: 320 <1:5

4 1: 320 <1:5

5 >1: 640 <1:5

6 >1: 640 <1:5

7 >1; 640 <1:5

8 1: 320 <15

9 >1. 640 <1.5

10 <1:5 <1.5

*The HI titers were defined

as the highest dilution capable of inhibiting the

hemagglutination of goose’s erythrocytes against 8 hemagglutination viral units.

10
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A total of 25 Balb/c mce were i.p inmunized with 20 ug of purified PLH2 in
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as the hi gheLFS fngdired 81N hng the® SlpdMablY B%ainfigtieistY Sl hr&BinOad IB5add SHRSE R

viral plaques.
25 column to eliminate the chaotropic agent . The fraction obtained was then loaded onto

theChelating-sepharose FF column (Pharmacia, UK), in the presence of Cu* ions. The
protein was eluted with Imidazolee 100 mM. Finally, the pure fraction of each form of the

30 protein were loaded onto a G-25 column to obtain the protein in the formulation buffer
NaCl 100 mM, KCl; 2 mM, Na;HPO, 10 mM, pH 7.2, KH,PO, 1 mM (PBS). This
preparations were used for immunological studies.
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EXAMPLE 21. Obtaining of pLH3 15 The nucl eoti de sequence that codifies for
the am no acids from 286 to 426 of the envel ope protein fromthe DEN1
virus (Sec. 1d. No. 32) was anplified with the oligonucleotides identified
in the |ist of sequences as Sequence No.9 and Sequence No.10 fromthe DEN 1
virus strai pxafpleM. Entigéhi &M,g&eﬁza}mn ofPepd D. W Genetic 20 reI at edness

anmong structural protelh genes of dengue 1 virus strain

Vi rol . 1989. The:purifieg. fraction of Thb2 Wwast @aragtesized sities Pypits Eﬁce%ftq"ow giffeleAt pDa
plasnm d wi t BolfasRatbérd aru/ol motineMosctitnal ditibddiss, Bs el @ by fosR@URARA sehat
codifies fooséhe %%get ein and for a sequence of 6 histidines wthout

st op codon E fica 29). This digestion permts the fusion of the 25
anplifiefl fir aglrn@leStbycdaﬁlRoraa‘ inddot thiodtinG-were ohiaimad it dheo WMAGT artiHRENVBDHT I ot ei n.
Upon ligati ol r on

P gz g{t‘bgﬁlﬂ% tglqlllﬁﬂlt-' 'a?émgt?fe Sty @%@e%&?le@ﬁhx e Eé(se i §Errobﬁe b

enzyne di ge

ence
junctions. @ofAgeseasing é@?l s}:)ENkl:lﬁENe'} and DERs4- qT*Pﬂeé"tWOE"ﬁs tgﬁée@@pe@ft giet| one,
cal I ed pLH3pb&figs Ilﬁe ?f'féd\(éﬁﬂ%ﬂé‘-r&nﬂﬂ@ aRd the wgmoﬂfs%ceﬂ\éhhﬁwﬁ@”@ﬂmot Bny-B

medi um a SDS- PACE | | ul ar |t a 80 kDA
band was obt'%ﬁ°ﬁ@EP” %‘ﬁ" ﬂ gﬂﬁ?ﬂ é%at?%ﬁ%wm@?“gh%%%@%‘a@ V[ﬁs YV ei ns.
The si zaoof (évea Highet ¢han thideaobigided withh depPiide @ithey dyhRotshioh andd Whstersi bet. of t he

VDH t i tei
e Pecogn S EOB T B A Bgh SR B 011
denoni nat ed tRLFRiugise ggents careipresent in mamlezzndwas fai RepSibien cstformationsl Ha

protein 5 T*@lﬁfemn@%éﬁ/e@r%&hfb?&elﬁé (F"Hallyh%eErea@tﬂlty aééiﬁs@tﬁﬂeé Iﬁtﬁﬁ\ﬁf ﬁr@ﬁﬂh@hth
pLH3 and grown at 37C was |sru é\g French pr P_ﬁ(}%ﬁﬁp |
protei n was U5t ardBees; of Ippitarsag 'H%t ?d‘ﬁﬁé”e&ﬁﬂe B'P‘GBSFQSU figa
i nsol ublig f riroedth Oases bip @vestent Blbting\arsd Bottbicttitiged using Urea 6 M and the
supernatant, containing the PLH3 protein, was |oaded onto a G 25 colum to
10 elininate the chaotropi c agent. The fraction obtained was then | oaded
onto the ChdlahleiéG8agsivity ofSULEProtein terfonorined! #ae pelyclegalgntppdiehe presence of
Cu++ ions. The col ggEwas washied W th T dazol ee 30 nM and the protein was
eluted with I mdazole 250 ngﬁec;ﬁb,tyahl Y, pﬂespm,g*fractl on of the protein was
| oaded onto a G 25 colum to obtain the protein in the formulation buffer
(PBS). This preparation was used for imunol ogical 15 studies. EXAMPLE 23.
Antigeni c charact etHMAR i on DENRLH3 The purified fraction of PLH3 was
characterized either by its recognition by different 20 pol yclonal sera
and/ or nurine nmonod\&al anDPEN@di es, ast¥el|l as by positive human sera to
Dengue (table 26). The hi ghest recognitions in Dot blotting were obtained
with the HVAF anti -HMAE 1. TRENSecogni tion by HVAF against the ot her
serotypes was | ower than in éne case of serotype 1. The anti bodies
generated by ot her HM%EM vi rd5N% ke the Yel | ow Fever virus and the Saint 25
Louis Encephaliti Y 'grdl_.ls hag got any recognition at all. Finally, the
reactivity against 'Y% ee hu n sera of high titers and three of lowtiters
agai nst DEN-1 was npggered, yaghi eving a_ substantial signal in both cases by
Dot blotting and Western blotting. Table 26. Reactivity of PLH3 protein to
nonocl onal and pol yghanal agfybodies. 30 Abs** Specificity*** PLH3 HVAF
DEN-1 +++ HVAF DEN-2 + HVAF DEN-3 HVAF DEN-4 28 HVAF EEE HVAF YFV
HVAF SLV Mab 3HS5 NWab3H& tNral of 10 pg+of purified PLH3 was applied. The
intensity of the signal obtalned was evaluated from+ to ++, ** HVAF were
used 1: 100 while the Mab 3H5 was used in dilution 1:1000. 5 *** EEE: Equi ne
Encephal 20t i s*Aviotatist 10vfg/of Metfied RLE2was appliedsTheShtensitgaif tie signal obtainedmiaal iti s
virus. NT: Matura@mfrpnnlgtos'ﬁemfl c-serotype. EXAMPLE 24. Characterization of
the ant i body™ bi%ﬁ\@d'eb@em § pag\usegiinfilugen $4008;| b/c m ce were

. p i muni zed" A& ufqg Encephaktiss ivises. YRS IYRllow FgMer diaysuvEing:; Saipt &Qbital s
were bl ed af%@?pmﬁtﬁ‘"ﬂﬁ & Neylalizing sRegfiaseietRe: anti - DEN were eval uat ed by
ELI SA. I-%sgh anti body titers against DEN-1 were obtained while, no
reactivity was obtai ned against the rest of the serotypes (table 27 and
table 30). In addition, the H assay was done and only positive titers were
found against DEN-1 (table 28 and table 30). 15 Finally, the in vifro
neutralizati on assay was done and neutrall ization titers of 1: 1280 agai nst
DEN-1 were obtained (table 29). No neutra?llzatlon of the viral infection
was found against the rest of the serotypes (table 30).




Tabl e 27. Antibody titers against DEN-1 fromthe sera obtai ned upon

I mruni zation of mce with PLH3. MuseTiters anti-DEN-1 PLH3Titers
anti-DEN-1 PBSControl (-)11: 64 000< 1: 1002> 1: 128 000< 1: 10031l: 64 000<
1: 1004> 1: 128 000< 1: 10051: 128 000< 1: 10061: 128 000< 1: 10071: 128

000< 1: 100 i %]19&)‘9 ; ‘%Q,? ' %&; QQ0< 1: 100 20
Tabl e 28 . %ié'é"&i? %gﬁ e&?éceenz s%frtgéérr‘om Héspg};?%é?ier%t% 2 w th PLH3.
MouseTiters by Hi *T| ters by H anti-anti-DEN- 1DEN- 1PLH3PBS C(Z ) 11: 320<1: 5
29 2> 1: H4fotal of 25 Balble miseowere: i.psipmunized with: 3589 -0 podfiedsBil 21in fggend 1.

571: 320< lggja@mk: fhnimals Werebble®wftdi foor dbSes and”tie BAtbodids dnatiDENewEle titers

AR G MU e R M A —

uni ts. Tabl a2 ®btaified adgainetthe abst 24 theoseratypasy(takid A antidatdertg). di additionalthe

Lt orss ant PemasEipersOMRBRGH dbay, Gl ey dofé S GH posiis s EROHAAE! | 21 1O
541: 640< 1agaast:DEN:D ¢ahle 8smditablg A8)) Einally, fyesin vitroregalizationsapsay wag gdgnrc 1

591: 1280 > 1 HTde B8MIned! BRliRAY fo theFssuker e
defined as EH&nﬁ"ﬁralﬁ&tlmdte[sz&l1oﬁ%a<gs]%n?5?n§Nawfg§ O%FEdHét%n tﬁf tHe nunber

of virallOp| gbgined Wﬁﬁlﬁ'—@?ﬁ? neytrglization, of the Yiral jnfection was faind ggainst the rest 9f 1 5
serotypes byneHdr&ifpesHitabing and table 16). Oarulie athezisdndpthewsits tobtired vithdfottani nmal s

DN DL SA” VAt by i, fEA g et e RO S At P BRE 0t 1 o
11 1002 PLH3influecelia heg@pacity ol generating Bmetionpliantibodiest ur e of

seraH **anti -DEN-1H anti-DEN-2H anti - DEN-3HI

anti - DEN- 4PLH3>11 320<11 5<115<115 15 30
15  Table 7. Antibody fiters against DEN-2 from the sera obtained upon immunization of mice

with PLL2 soluble and insoluble.

Mouse | Titers anti-DEN-2 (PLL2) |Titers anti-
DEN-2
PLLZs PLLzins |F B C()
1 >1:128 000 | 1: 64000 <1:100
2 1:128 000 |>1:128 000 |<1:100
3 >1:128 000 (1:128000 |<1:100
4 >1:128 000 {>1:128000 [<1:100
5 1:64 000 >1:128 000 |<1:100
6 >1:128 000 |1:128000 |<1:100
7 1: 64000 >1:128 000 |<1:100
8 >1:128 000 |1: 64000 <1:100
9 >1:128 000 | 1: 64000 <1:100
10 1:128 000 |>1:128000 |<1:100
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M xture of NeutralizingNeutralizingNeutralizingNeutralizingsera
*titers***titers anti-DEN-titers anti-DEN-titers anti-antl-DEN 123DEN- 41
PLH3>1: 1280< 1: 5< 1: 5< 1: 52 PLH3>1: 1280< 1: 5< 1: 5< 1: 5 * Each

m xture was fornmed by three sera. ** The H titers were defined as the

hi ghest dil gLpigrg, Gm@@bayerBf themem frérRGnd Qﬁm‘é@."iﬁﬂ%lﬁba Rith i 2 ol BROSR S
erythrocytes agai nst 8 "hemagglutination viral units. 5 *** The neutralizing
titers wereng@fblaed as the highest dilution of serum havi ng 50% reduction

of the nu use [ TrtefsAy MF aROEN-FXAFitee BPpHI(Obt ai ni ng of pAZ1 The
nucl eoti de| sequsg Z)hat codi f| es flanti-DEN-2AN N0 acids from 286 to 426 of
the 10 enviel ope mpher L2LI g DERBS G(#)r us| (Seq. 39) was anplified with
t he ol i gonucl eotfi é’es |den1Mf nithe Iist pf sequences as Sequence No. 11
gnd_ Seqﬁ_en n}h}?ﬁé om-t ﬁ; ”:'\LQ <fT,5 str;a 3 genot%/pe (?a_torri K.,
um yoshi H—GConple pueleptrde—sagdepee—of dengue type 3 virus genomne
RNA. Vi rol iggy—% géggLe(Z :1%‘%647) tﬂ'}'ﬂe veef or was created by digestion of
t he pMLO8 %ﬂs pH 51._.“41)% t‘.1.>’ i H-BerHES—whith 15 contains the nucl eotide

1 f =~ fn 't Nt v o al r 1
sequence tF t—eogt i es—Her_tRcN-tarnigat—re ion of the MDH and for a
sequence 0.60\, AR e S SRR e e 529)- pon |igation, the potential
reconbi nan WEF Ja.‘ yzedl_ ) 0 estrié,‘t Fon—efyyne di gestion and positive
cl ones wer ki tHo—CHiEoR—tP t:ltzl:sunbt; ns. Conpetent cells WB110 were
t ransf or nege—wt+h s set ec:;"a%zy—ﬁﬁeraé-glﬂ?dﬁaﬂl (Fig. 7 and Sequence
No. 40). Up 11%' gt o) "1 LOthc tOy @y T I0: BuTTa ertani (LB) nedium a SDS-PAGE

of the cely Y3t Hed &t &iufion kKRPabiangr asbitdy ahaed,
whi ch accounp ﬁ\qgll&fnammo&?e?%k@he@Jf H‘t riét 8 herRé l;ﬂgm virBigunfs. Ze of the

protein gbtaine corresponde 0 the sum of the termnal region fromthe

MDH protein _and the DENe protein fr from t DEN- 3 v oteln
was recogni J@H"’l%\/l'rﬁlrﬂﬁﬁ'%'&ﬁmq %@a%‘yﬂg{ﬁefsmﬁﬁpmﬁ 'F‘HB’BlZS%Wt“I‘-)gf'L {]

cont ai ned lranahﬁoﬂ’;{AF Thl s 25 prot ei n was denonm nat ed PAZ1 ( Sequence

No. 41) . EXAMRLE 26— ,.u. in PAZ1 The bi onass obt ai ned
fromthe E[ o1 Lg%‘#frém?i)g%g orhr?gglNelEﬁm'z%l and grown at 37C was

di srupted by FrepCh | PSQ rec Nlgnt priotei n was obt ai ned
preponderantly asP3#$ nsol ﬁ'b\-%'"ﬁormp'ggs ecj ated to the pellet of the
cellular disrupt|jon. Fromjthe pellet, the prdtein was extracted with urea 7
M and t he super ngt1an280 cont&it2BOg tivd: 89 1 grotein, was | oaded onto a G 25
colum to €2ininatle128k chadt28pic ggldt. The fraction obtai ned was then

| oaded ont 03t he CHeNa8q ng-|deftfar osel FEScol unm (Pharmacia, Ui~, in the
presence of4Cu++|i1A40 Thd>hri288in \MESeluted with Inidazol ee 60 nmM and the
obt ai ned 315__vol 1i#40nas 1|d8#0d ont ¥ E5G-25 columm to finally obtain the
protein in he forinlR8R i o >hi k288, ( 15:)5 Thi preparation was used for

i munol ogi ¢Al—st (2:d280 ExARMIED 7 Il Sqeni ¢ (characterization of PAZL 5 The
purified frctiopbfl2®hz; \?és—zé-la-pa- ither by its recognition by

di ff erent h95| yel ?‘1541&%#& ZAIZ80 rogl onal antibodies, as well as
by positiv >tde ‘8, (t }- The hi ghest recognitions in

?N;Fbggiﬂbfgg e gm ggg i e S,

U

T
chfDa}
co ;
" g

3. The enera fl aV| virus |ike the Yell ow Fever virus
and t he Sai nt Low s Encephalitis virus had not any recognition at all.

Final l'y, therggaci, ‘drééé-r@&%h@%ss&@é@ﬁnéﬂlém ﬁﬁé‘l dergfypéd BWELIS%GI-!B aAd\dirdlhr ee
of low titers agal nst DEN-3 was neasure a,su §t||al signal in
both cases UEP”E‘SB'izaB?rb‘t"fhthﬁs%ﬁ%’?"ﬁa'ﬁfrﬁf‘m'?g W'ihg:'ufag?' '%f“ W vity of
PAZ1 pr ot ei iMixeureiGErofELISANd (aatiy[ELISAl  aGEntiDEDSAs. [hd *Emsm ~C {alngis | *
PAZ1HVAFDEN:*L - HVAFDEN- [DENAIAFDEN- 3 DEN-RYAFDEN- 4DENNINFEEE - HNEWYFY - HVAFSLYV
-Mab 3HS5NT {1 (PLA2olt)al pf1/100 ~g of [pulr 128 @30 PAY$ 1/488 appl i eti1/1Qhe intensity
of the signa (Ribeaoled wa¥1@al uat gd: 6406t + t o |+#/108* HVAF| w180 ysed 1} 100
whil e the Mab(BHSingds uset 10t di | ut|i1o840001000. [20/108* FEFE: | £#10be
Encephal i ti $2 (RLLA$S.)YFVI< ¥&400 ow Fevier!: 928080 SIw1/188i nt | ouf ¥18%cephalitis
virus. NI Neutralizing specific-serotype. EXAMPLE 28. Characterization of
the anti body response generated by PAZ1 A total of 25 Balb/c mce were i.p
i muni zed with 35 ug of purified PAZ1 in Freund 25 adjuvant; 10 aninals
were bled after four doses and the antibddies anti-DEN were eval uat ed by
ELI SA. Hi gh antibody titers against DEN-1 were obtained while, no
reactivity 32 was obtained against the rest of the serotypes (table 32
and table 35). In addition, the H assay was done and only positive titers
were found against DEN-3 (table 33 and table 35). Finally, the in vitro
neutralization assay was done and neutralization titers of 1:320 agai nst
DEN- 3 vere obt ai ned However , no neutralization of the viral infection was

I | ~ o o ' g, 4 ‘.l__ e f 2+ L1 ”~ A N T T -\ T e——y T




10 Table 33. Titers by H of the sera fromthe animals i muni zed with PAZ1.
MouseTiters by H * anti- DEN-3 PAZ1Titers by H anti- DEN-3 PBS C(-)1> 1:
640< 1: 521: 320< 1: 531: 320< 1: 541:640< 1:55<115<1:561: 320< 1:

57<1I 5<1:581: 320< 1: 59> 1: 640< 1: 510> 1: 640< 1 5 15 *The H titers
were defing s intis e} .Ezm "I} SRI-DEN-4
hemaggl ut i ratl on of goose's erythr )cyt es agal ns llut i nat1on viral
units. Tablle 34. Viral |neutralizatjon assay vvlth t he sera of ani mals
i muni zed Welp §HZT. 43 T ghgutT al 1|z fpgtiter stijkqys

anti - DEN- anpl 2 g5 F SSPAZIABS C - 1[4/ 3390_ _ J<455 33 2E7/5320< IT 31
320< 1: 541: 320< I7 5517 40< 17 5bl: 40< I7 5717 320< I7 5817 320< 1. 591:

160< 1: 5101 320« 1: 5 * Th_p neut | ..&dﬂfl ned _as-the
hi ghest di | g{é’r{;ﬁw of %fe;:' 3lzingng 5)?%‘#‘?&6@‘_& ﬁgﬂtrﬁﬁén%mgf%wmq al
. ( .
ST et g&ﬁ.a?;;?- idERe  2qalteds! | N DER oerlo! ypes
with PAZ1. l:Z)C ot v N La20" pen SV SA (ant i —DERF2ELHSA
' . B0 e R A8dD 1t t665 pAZ]<

(anti - DEN- \.)|_|_| qr-\ DEN—A41—F \9AV) I IO —0H

11 100< 11 100>Ea]c ? |]n| Glré of seraH **antl - N—lHI

ant i - DEN- 2Hk *Egﬁfl o %ﬁ@ A %tk LapaBROSY MG b ©
of Neut r aki zi,g@B6Hitn rzdflae&%tstérﬁ fobptEONRIHSE BhérkadMERERN Virhillie ™ "ti ters
ant i - DEN-t i eI theapdutraldiny titebsChéredtiihedt 88 IthdDRiyh A0f M haling Bo%l: 51

320< 1: 52 Pé@%tﬁ)n]oftrﬁﬁquhbeﬁaf’wra%u&s 5 15 * "Each m xture was fornmed by
three sera. ** The HI tlters were defined as the highest dilution capable

of inhibiti n of goose's erythrocytes against 8
hemaggl ut i n% on Vi ra un| bO%LLQ The neutralizing titers were defined as

the hi gHGst Ttie | nucieotideo eguiencenthiab eodities5 Byothe donino aeido fromh28thimided abfthei r al
pl aques. ﬁ?l%ﬁ%ael- Brofein me %é“dﬂl'ﬂl @fwrQMgeJhI@ ML | 2Rt Le aFBRHeaNGEn tthat

codifies for the am no acids from?2 426 of the envel ope ﬁrot n_from
t he DEN-3 V|°FQF§‘U€'S@GG§%BMN6 igtye "%é’és%ﬂ\‘ﬁp‘?elslaé@eﬂh‘?q‘?e“‘?é" B\ FgHEMT 2%’(7 des

:c dentified ifdm the DENL @ius Ssh@inegenetpa Jamaigt gDesbeNy. 1KinasydRIe N Tesmt . \B/SdNo 13
roma DEN- 3, vjr strain

sequence of M&l‘?&ﬁj@ ﬁesgﬂ%ncg %ﬁbrda é“"&gﬁm %é’qgé&gl A;ér}q%ggk&&l%gg%eﬁgfg 647) .
The vectlér \Resgee dytee@ biusdi tpomioao genstypeh EqpnBretivg sanglyais nfd thei ful-lsagsh | | Eco
RI') which cQRhahd§irdib§ wggl1g9§34j§44§equence that codifies for the MDH
protein andfor a sequence of hi sti di pes F? e l\é) 'H

di gesti on pdnfivestor m@s;graed PY)H'QS?""P thenpPr R %H‘%H‘"th %é’%ﬁ'ﬁ’ b‘”\‘-‘i@h

\llv! thin the coptaing tﬁeawcréatudexeqaer&bnmbwfws felanaMDHSroteineanV B geqti@ice.of Upon

i gation, tenti reco we ze ynme

i gost i on agRCEr oy pER BRI BaRENA AR T el I Lo the RBRREY
Conpet er?0 cdhd smpifiee frageent by BOBfafienthe Gri teiminal eegies @cﬁi@dM@Hometemchp@zd pAZ2

(Fig. 8 and Ilﬁ‘ﬁﬂ*\eﬂ\%epd}&?ﬂlélabcorﬁblﬁg?ﬁ‘wgfe%aﬂﬂed B? re?s‘ﬂ"cﬂ&y ehigrﬂeBd b Bhd &
SDS- PACE of e cellular |ysate was done ult a

nd was
obt ai ned, wRCEHVe:gleRasaER Seqencaslp Gheckiyp tt‘%tuaftloea%mpﬂenb%ﬁs i #s) 0 W size
of the prot aiaRsfolicdl Wit thelelee i iuhe( cdlled tohE3 $ign Dénd BequsEnze Nof 30)h&pbiH

protein and i e r V, r in was
recogni zed i V?ﬂ%uno%‘ﬁ%’&t'lgﬁg rhéoahq" I-&/&Etsaﬁn)'{&é gﬁl{@g“?‘%{ I(yvaalljé gg%rgsﬁn%aﬁg PAZ2
(Sequencd 10esudt. 43P, kDA AP mfe@oobtmd fwhiclx penqueted tfere209AZaf the detal gellular

proteins. The size of the protein obtained corresponded to the sum of the size of the MDH

protein and the DENe protein fragment from the DEN-2 virus. The protein was recognized
in Immunoblotting by a HMAFI anti-DEN-2 and was denominated PLL3 (Sequence No.
31).

30
EXAMPLE 10. Purification of the PLL3 protein
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The bi omass obtained fromthe E. coli strain transformed with pAZ2 and
grown at 37C was di srupted by French press. The reconbi nant protein was
obtained in both fornms: soluble and insoluble. The protein associated to
the insoluble fraction was extracted using 15 Urea 7 M and the

super nat ant Th&Bﬁﬁéké‘b&Qmw?forﬁWFpE&fﬁiaﬂv rARRIMEPARE pOD ShParGind 2t gpfcum {o
elimnate the chaotropic agent he fraction talne vvast | caded onto
t heChel at i n@’%é’ﬁﬂ&’r‘@sgy ﬁFenéfé)Ip[ﬁiiﬁ Theneecombinant prptein was oligings: @s@ﬁ'&é"'ﬁ‘ﬁ Cu++

i Ionf dTh_et ﬁ eblUtT® aM@F\sm?%g@omﬁFérnédmmﬁédﬁ&e tﬂ@prayranété dxractdd 0dirg Uregess :
elutea w m 20l e I.na e pure rractl on oeonoa
G 95 col urmM B8 B ReTaEnt PR e 2y a8, PR, posss SRS

pr epar at b on elinate tlexicHaotropicragent Tbg frection Sblathed svas ENEANFIIEd 8dto thn€ hejatimge
characterizgbpon, é%fFIPA&GmIBPh%H@fVL BR') i f'f'\% f n&% oPeg2 R TﬁQ%Bl%ﬁu_t\ﬁéé zed

either by its recog sera and/ or nurine

nonocl onal #@shasow éimda@hﬁew M 359 t'i!ﬁ)ﬁ’MQ'N/é"aﬁlﬁﬁ'ﬁ?ﬂ ith dmigszqle 188 15Me
(table 36). Fﬂag, hhegb@r%tfrarcﬁsrpemhblpaétémlvvasnaadéal 6titd th-ZBQfoﬂmﬁbfoaétﬂQﬁl thd th the
HVAF ant i - DEN- r than%gémggne wi th PAZ1 erecoognlt i on by
HVAF agai nstpr"(“ﬂ'é 'btt magatan, rPTERRLZHON Vas, ised 1Ok inypUr 10y pe 3.
The antilbodisegiegenerated by other flavivirus |like the Yell ow Fever virus

and the Saint Louis Encephalitis virus had not any recognition at 30 all.

Finally, the reactivity against five human sera of high titers and three of
low titers EXAMRHE DEAntigenic charactarizationfRLkdi ng a substantial signal in

both cases Bye\Weski&s ﬂaalbﬁtdf 'F‘lg.33Wé$ EXdradidriobd lefier Bl;a@ focdnitidRe By iffétdny Of

PAZ2 protein to nocl o ol ycl opal  anti bodi
N apacit | ciPolyciond BatoAHiAr pRRLa MopikrBLR 50 e AE el bY Pesie-En o e
-HNAFYF\IS Hid\B&hgve(fsle 13JI5NT - * A total of 10 pg of purified PAZ2 was

applied. The.l i . i X 2kt + 4+
P e ver 4B QIO blosRltehy B Gorifing Whg Bl dan e W ane DO THE 1
EEE: Equi ne regegeiiemaby HM&F\sgpinst theypiger Sﬁé‘PtYRﬁﬁ/VPé\}@'Vef\FhWQ thegtage oB8grAYPE oui s 5
Encephal iti g y Eéb'?east orQUDERLS, zE!E'NJ3 RE TEN-£.- ﬂ%rmtlﬁ&ﬁe & B¢ other

Characterization of the anti boda’{ paonse %ener ? |¥ E? ﬁ\ '?ﬁ? of 25
Bal bl ¢ ni ce figdyiassi "kﬁ th%‘?i"’fé’d‘* Ifs 32‘5 the,SEpt LAY FResAnails, ¥ryshad et gy
adj uvant2p 1Qecughition st aNeNeventheldssfdigted foothe Mab3ES, agrkat teactivity i vischbesrvedit | - DEN

were 10 eval(#% h6d 1P ¥n k! %ng& %thaﬂ% Ei‘tﬁe?r %glmt arQE'VV%téﬂﬁrﬁot

obt ai ned wh no reactrvi tain ag al rest
serotypes (t%ﬂtrérlmlyéﬁﬁiet%we%? the reca@uﬁlqnl\ww th@ N@bﬁHSa@épe ##rge ¥ORR and
only positi Ve tddugihg é@%ﬁt@ ér@Lb?Qseﬁgﬁi fhat sdrkghé, 3n((|&ailhb & ﬁ&sﬂjl'@ chriEbriatidhy) .

Finally, th t tral
t : '? Zr syof 1e 'Iﬁ%n vl‘ileé’rﬁﬁﬂeggkj’mﬂ:ﬂ{?tg'"ﬁvép’@"bﬁ'ﬂ%reﬁmﬁ"t( ?gﬂn%?"ﬁ% ng’ﬁﬂ{ %eélﬁtzofépﬁz ation
of t he \Jsr altitére hed threznofuevs titb aLagdindSDEN2iwas tmdasered eachieving lsebstantiat sigred

tpon + i ABPDeeRre b We(if ol 59 o AR, KBRS el BTG RR T e

anti - DEN- 3 RB&iredmwithdlLLR-) 1> 1: 128 000< 1: 10021: 128 000< 1: 1003> 1: 128
000< 1: 1004pypik 111 R8a&iN of FLLE BR®IN tokdchoBIBR4T aAd pélﬁ@cﬁ%léntlbéa& 000< 1: 10071:
64000< 1: 1008> 1: 128 000< 1: 100 36 9 1: 64000 1. 1000 ~_, --~ ~
128 000 - ~ ~ ~-: 100 Table 38. Titers by H of the sera fromthe ani mals

i mmuni zed Wi th PAZ2ZAbsMbuseTiters anti-DEN 3 PAZ2Titers anti-DEN 3 PBS1> 1:
640< 1: 521: 320< 1: 53> 1: SptUicit*™ 54>PUL3*640< 1: 55> 1: 640< 1: 561: 320<
1. 57<1: 5< 1: 581; 320< 1: 59> 1: 640< 1: 510> 1: 640< 1: 5 *The H titers
were defined as the highest dilution capable of inhibiting the 5

hemaggl uti nati on ofHngse sDBNyt hr ocyt et* agai nst 8 hemaggl utination viral
units. Table 39. Viral neutralization assay with the sera of aninals

i mmuni zed wi th PAZHMABUseNBENZal i zi ng tTters anti- DEN- 3 PAZ2Neutrali zi ng

titers anti-DEN 3HMAF DEN-3 )

HMAF DEN-4 -
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PBS C -1> 1: 1280< 1: 52> 1: 1280< 1: 53>1: 1280< 1: 54> 1: 1280< 1: 55> 1:
12%0< 1: 561: 640< 1: 57>1: 1280< 1: 581: 640< 1. 59> 1: 1280< 1: 5101:
640< 1: 5 10 * The neutralizing titers were defined as the highest dilution
of serum havi ng 50% reduction of the nunber of viral plaques. Table 40.
Cross-reactivity assay against all the viral serotypes by ELISA, H and
viral neutralizatigmas th tgpge sera of animals i munized with PAZ2. 15

M xture of sera *ELISA (anti- DEN 1ELI SA (anti DEN-2ELI SA (anti- DEN- 3ELI SA
(anti- DEN- 41 PAZp#AH 100<«fFi4 100> 1: 128 000< 111002 PAZ2< 1 /100< 1 /100>
1: 128 000< 1 /100 M xture of seraH **anti-DEN-1H anti - DEN- 2HI

anti-DEN-3H anti- BEMFAPAZBLVL / 5< 1 /- 5> 1/ 320< 1/ 5 37 M xture

of Neutral i zingNeutralizingNeutralizingNeutralizingsera *titers***titers
anti-DEN-titers anMabPBSt iNTer s anti - anttt- DEN- 123DEN- 41 PAZ2< 1: 5< 1: 5>
1: 1280< 1: 52 PAZ2< 1: 5< 1: 5> 1: 1280< 1: 5 * Each m xture was fornmed by
three sera. "Atotaiieé 1PIngtaf purifiedviRlid vrsfapntiad. dbe intensity ghtbe tsigdall abtdined waspabl e
of inhibitif '@W@'ﬁérﬁ% | utination of goose's erythrocytes against 8
hemaggl uti nath Seﬂ 09 Wh e‘heﬁ?é’ 3hSyrasased ingution1e1080.er e "defi ned as

t he hi gh st d| 'tE [E@‘ﬁ'ﬁ %VY"%H'P% (6% reiont Fysr ofrugh LUt uisy r al

pl aques. %'g "'"di) PRI C$°YRA® nucl eoti de sequence t hat

e oo e B o e ™ o
i dentified Antotahef RbHaltié miceqwenecigsinasuried wethces ho .of udiied Ed@umrﬁreumb. 15
from theg DE%E!J?NéHt rfg aﬁlHa‘?é RefeOhiah Ubr Kauhﬁiyég\%ﬁ’é He 'éhtfgg’gp a‘if}?(%"g\}g tide

sequence of é@{ VI Trus %gnoma rol og 3-647) .
15 The vect §Yal ?éd‘“ﬁﬂ‘/a@ib@ iters RoginstfdN- %U&remb%’iﬂdd"'”\ﬂﬁtr}? rBagiviY / Bam
H  which cowbeloaamb@gamaltﬁ@trés@lef heGeriipes (1Bl 1204Hdf thsie 165P1n bl@tidvDithedr ot ei n

df sti g i th t don (S
S onss REHERAnRler bR 1B 58a3) WAS s PP, G PSR .
the C ternpgritstDE)N-d(talflen 3 ahetabieH Shriinady.rthe Wpdire heutyalization asshewpstem i al
reconbi nant %nc‘!‘@{eﬁtrﬁﬁéﬁdﬁzﬁﬂrsbﬁf r1esf2r8bcéda%t BENS B bg&;&élhé}ﬁ (ﬁﬂllgl g@v\g@bz' tive

cl ones were se uence to check up ] uncti ons. 0 were
t r ansf or med "Gitiazating °§@Pé’l§?‘é@fe‘8!°6|‘i‘@s prpgangmre@mfdhe sergifpessiablne i)
No. 44) . UpoUsipg the thpeltdsts, Bightsviision srByp@sihedific antibobies RAfdetdctdd &irgitdr bul ar

| 80. kD) b d, which d
tor 200 of 1RES PpRe el Bt iy pbAitRe WP R 9BRT [ he' pr ot o n ot ai ned

corresponded to the sumof the size of the MDH 25 protein and the DENe

pr ot ei nzéfaﬁmetuf fAﬁfBJd QntéEE'ébénéf'dmz frmethe Qi biRaiREP yb &PW&L}ﬁz%ﬁod B

| munobl ot ti ng anti1-DEN-3 and c?enom nat e PAZ3 ( Sequence

No. 45) . EXAmeE”‘%'ZP ﬁurl fication of the PAZ3 protein The bi omass obt ai ned
fromthe E. [Moise|[Titersi anti-DENF|TRGGANWMDOEN-2AZ3 and grown at 37C 30 was

di srupted by Fren¢Ly3)ess. ThePB8®&{y)bi nant [protein was obtained in both
forms: soluble and insoluble. |[Fromthe insgluble fraction, the protein was
extracted ust ng UqefRsnoll and [kRe{@dper nat ant, contai ni ng the PAZ3 protein,
was | oaded gnto 8568000l um |&kq: gpg M nat € |t he chaotropi c agent. The

fracti on obfal ned>ywagithen | ogdad{gpit 0 t he |Chel ati ngSephar ose FF col umm
(Pharmaci a, [4J ~, [Mws4000e presened: edo Cu++ i ans. The col um was 35 washed with
| m dazol ee % nMjamdi2gloe0pr ot dkr: @05 el uted with I mdazole 230 MM Finally,
the pure frigtion1o84 adoe prot éxn: vw@s | oaded onto a G 25 colum to obtain
the 38 prot ei n [ph 1280000r nul|atit 00 buffer |[(PBS). This preparation was used
for imunol di cal|>$1128i088. EXANRLEDAS. Antijgeni c characterizati on of PAZ3
The purifiedfragtli 800 PAZ3 |wds1@har act erji zed either by its recognition
by different105_paobPyc128080 ser d<dnt¥br nurine nonocl onal antibodies, as well
as by positive human sera to Dengue (table 26). The highest recognitions in
Dot blotting were obtained wth the HVAF anti-DEN-3. The recognition by
HVAF agai nst the ot her serotypes was |lower than in the case of serotype 3.
The anti bodi es generated by other flavivirus |Iike the Yell ow Fever virus
and the Saint 10 Louis Encephalitis virus had not any recognition at all.
Finally, the reactivity against three human sera of high titers and three
of lowtiters against DEN-3 was measuregEi achi eving a substantial signal in
both cases by Dot blotting and Western otting. Table 41. Reactivity of
PAZ3 protein to nonocl onal and pol ycl onal antibodi es. Abs** Specificity***
PAZ3 HVAF DEN-1 HVAF DEN-2 HWVAF DEN-3 +++ HVAF DEN-4 + HVAFEEE - HVAFYFV

- HVAFSLV - Mab 3H5NT -




15 * Atotal of 10 ~g of purified PAZ3 was applied. The intensity of the
signal obtai ned was evaluated from+ to ++, ** HVAF were used 1:100 while
the Mab 3H5 was used in dilution 1:1000. *** EEE: Equi ne Encephalitis
virus. YFV: Yellow Fever virus. SLV: Saint Louis Encephalitis virus. NI:

Neutral i zi NgaBI98) Filefs Wl%%@%era&%nﬁ%@%kﬁlsﬁﬁmu%@& @ﬁIBLL?at ion of the

anti body response m:-nprmp lc mce were i.p

i muni zed wi¥epssgT %&nzuﬁvf TEEFSF?&Q' Pﬂt"Freund adj uvant; 10 aninmals were
bl ed after [four g t hgD odi es anti-DEN were eval uated by ELI SA
H gh antibody tit baal nst “were obtained while, no reactivity 25

was obt ai neld_agai h§t64ﬂhe rest|<dt S5t he serotlypes (table 42 and table 45). In
addition, tiZe H [3s328y was dadd:f8nd only positive titers were found agai nst
DEN-3 (tabl 8 43 anPA0ahle 39 (<128) Finallly, the in vitro neutralization
assay was didhe andliB40tralizdrilaB titers ¢f 1: 1280 agai nst DEN-3 were

obt ai ned (tghle 44)320Ng neut r|51%8ation of {the viral infection was found
agai nst thel%est [31:84e serotlfde8 (tahle 45). Table 42. Antibody titers
agai nst DEN-3 frofift@ sera ghtlaPned uponli munization of nice with PAZ3.
MouseTi t er s|SantiDESI] paz3TilEd; -DEN- 3 PBSControl (-)1> 1: 128 000<
1: 10021 1._"Q2 004 1320 1003= 1<11 : 10041 128 000< 1: 10051: 128
000< 1: 10060 1. [35B4800- 1. 0P0g, ;190 hﬂ“ . 10091
128 000< 1: 778 GHoUSE s, ?fﬁ@edf éﬁ*hao'ejgf-\es iy S8pES SO ARG tiohe ser a
from t he anhemagglitimationicf gabselstenyti?AZBes dgalmsEBI'lnetnmgglublyatlbh Vlreanmlts DEN- 3
PAZ3Titers by H antl- DEN-3 PBS C(-)1>1: 640< 1: 52>1: 640< 1: 531: 320<
1: 54<1:5<1:55>1: 640< 1: 56< 1: 5< 1: 571: 320< 1: 58>1. 640< 1: 59> 1:
640< 1: 510TablgAdVirel neytralizationpssay wish @‘e\ﬁéiaé)fé@'fﬂaﬁémmﬁlzﬁﬁ‘é'tMP@@est dilution
capabl e of [Wbude[NelGFaliZivey LU NeGtFBREmgT I nati on of goose's erythrocytes

agai nst 8 hemaggl|utdrgat i on Vitigggs uni ts Tabl e 44. Viral neutralization
assay W th fhe seaati-ddEN-RiI nglagtii DEN2i zed (Wi t h PAZ3. MuseNeutral i zi ng
titers antip DEN|BLE®Z3Neut r/@BSCg titerls anti- DEN-3 PBS C -1> 1: 1280<
1: 521: 640d 1: 93% 128012804<1:554>1:. 1280< 1: 55> 1. 1280< 1: 56> 1: 1280<
1: 57>1. 1280< 1:[>% 80 8>1<11880< 1: 59> 1: 1280< 1: 510>1: 1280< 1: 5 *
The neutral |&ing |pilt1®88 wer g <debi ned as_tihe hi ghest dilution of serum

havi ng 50% reduct|i &rb46f t he [rutnber of viral plaques. 5 Table 45.

Cross-react ity |[a8sB@0agai nst1:8l 1 the vifral serotypes by ELISA H and
viral neutrgizatPdnl280th tHe 88ra of anijmal s i muni zed with PAZ3. M xture
of sera *EL gSA (gpfli1280FEN- 1BISIISA (ant i

>1: 1280 <15
9 1: 640 <15
10 >1: 1280 <1:5

* The neutralizing titers were defined as the highest dilution of serum having 50%
reduction of the number of viral plaques.

10  Table 15. Cross-reactivity assay against all the viral serotypes by ELISA, HI and viral
neutralization with the sera of animals immunized with PLL3.

Mixture of sera|ELISA (anti- | ELISA (anti | ELISA (anti- | ELISA (anti-
* DEN-1) DEN-2) DEN-3) DEN- 4)
1(PLL3) <1/100 >1:128 000 <1/100 <1/100
2(PLL3) < 1/100 >1:128 000 < 1/100 <1/100

15
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DEN- 2ELI SA (anti- DEN 3ELI SA (anti- DEN- 41 PAZ3< 11100< 11100> 1: 128 000<
1/ 1002 PAZ3< 1/100< 111001: 128 000 < 11100 M xture of seraH **anti - DEN- 1HI
anti -DEN-2H anti-DEN-3H anti-DEN-4PAZ3< 1/ 5< 1/ 5> 1/ 320< 1/ 5 M xture
of Neutral i zi ngNeutralizingNeutralizingNeutrali zi ngsera *titers***titers

anti-DEN-ti 1 WN— 130N PA +y 5>
1: 1280< 1: @*ta'lsAgf her‘HEdn}Fb?l?m r1 0<E SWBhﬁUENJ?t nx\rl‘}:ﬁrgE\'I‘t/z;4 flor med
by three sepg sz~ The HL{fETers Wersydesi ned ax {/ge mgheygEiutTon
capabl e of THRIBrTTINg the nemaggi uti nat o of goose S erytirocytes agai nst
8 hemaggl utination viral units. 15 *** The neutralizing titers were defined
as the highest dilution of serum having 50% reduction of the nunber of

viral pl agyesixtuFeXAVRIfENSUtraiiziigal Ni NNewtral@ingl |NeutrdiZiegt | (ReaRalizmy € |t hat
codi fi es fdsetate am notitees 8 from 2fierd o* 426 oftitéree*20 enveiterp®*prot gi n
fromthe DEN-4 virus (&aiDENele No. 4&0ti-DEN-2anpl iahtiRENBt h t|/lanti-DEN-4
ol i gonucl eqtl{RI&8) i dentkfli®d in the|d1:d@8®f sequehdes as Sgguehce No. 17 and
Sequence Na2(A.LBy om t he 1DEN-4 viru$>Et1280 n genot e (Zhao [B.1: 5Mackow |E. R,
Buckl er-Wiite A.J., Markoff L., Chancock R M, Lai C -J., Makino Y. C oning
full-1endth tﬁmtgm@xturypr@sztormed@ytrmosegequences Anal ysi s of genes coding for
structural prothei i, tteysr weiggdefinpdgas 13s: highest glytionTrepablec brinkipiing: tégat ed by
di gesti on othe'iﬁﬁﬁg'gmt!@ 999055 SAVENQCYiRS 2021558 Nesaggiutinatiopyyirgliinsnt ai ns t he
nucl eoti de se %-‘trtal'lzé'tg E*S WF’@ defiged g dhayhioBesh fiution, oFBHm dRViPSOVDH and
for a sgﬂu U ymbgT Hfewal i@ﬁﬁ%nce No. 23). Upon ligation, the

pot ent i reconblnants were anal yzed by restriction enzyne digestion and
positive cl GX&MRULEr13. Sbtaimingehplddl t o check up the junctions. Conpetent

e S uB L0 THE gl bS LOUARE Wl Bolfies P8 Lhd"L08 rofabdeh B8 1t 9. 10

and Sequence

medi um a SBBVWREEPES’Fe"t H@"bé*tq @531’1 |‘9f§%tt(§e‘ava'§' dNPne32) A&asaafn@!lflﬁ’t Wﬁh 2‘59 kDA
band was obtoigdmaéleotities iaantﬁea GHIRE @t oF @équweése% seb@ertcet\@la :sselsgqhatcemwz ei ns.

Th iz f.th in i_n rr h nal
T o o o By R Al S RBRBERBEFES S RobE oy SR L 5
virus. The pelaﬂaémessmng stoguraizeote genes ofrdengld d)tvtusnsgratry Jprydt’lmhaaBBQ

ant i bodi es (gﬁ% DEN-4 contained in the HVAF. This protein was

denom nat ed 9 ?Se uence No. 48). EXAMPLE 38. Purification of the protein
PIDL The bi Jhaysctevas ¢esed bydioestien of thé@M”%H%@'?ﬁ"t'?%BP@?I’!‘Bém\M’t‘Hh'Bﬂ D1 and

QL?WH at 37@0H@@s @Heﬁﬁé%ﬁcﬂe %uErtdértﬁét leﬁauﬁ?ssfor ﬂ%@EN-feﬂﬁiﬂtQIttbélarﬁ\bf ﬂﬁéfwl[ﬂ*ll l@ndNaS

obt ai ne reponder an nso e forma ate e

Phe con 1200 TR Roansh of F JRTERES sSPIBRos Vb Eorioh leation. PERee ™y ©n
urea 6 M andectohemmutsetveratmawzedcmntestrntmgertzlymeRtlg:estuqtrr mcepoﬁltlvwaﬂ;onleea@eej onto
a G 25 col u@@%ﬁéﬁc&#]forﬁeﬁafﬁpfhg rf?ag&ﬁt é&ﬂbé}f:rﬂ%&twﬁﬂﬁw%]ré%héf&rﬂme‘a%m'tH@d was

t hen | oaded o ating-s ar ose col um armacla, UQ I1n the
presence of Selgetedicions, cafifg ppi t(egrﬁﬁ% equeness Nid3gh Unen gEowing hearploiiind t he

obt ai ned 15 Lvif4 BERanVAB) hizarat a@tts:me@oﬂtﬁeealmwwsae wasiahé. )Ascd)ﬁaaull’b bhe
protein on .buf.fer ation

|
rmunol dg) QUITERA b e Pt e B BB TR The
purified fr afthemrotein dBtddiedvasrespgvadert tocthe send of thiehterminal tegion doogthe M by

different polyghaRGine &9@{5‘3& mumfrbﬁbtte% PH@L ﬂ%érﬁt‘éﬁt‘v@a’%’re e

by pOSI tive human sera n ue recognitions in

Dot bl ot ti nd" (REPEnolsttiap Mg dolpleral PH@OM#P%)rﬁ“ﬂW QOntqu&d ipdhogMATT DS by
HVAF agai nstprétlif wak defionsifdted PRF (S&36erdceWar34l.han in the case of serotype 4.
The ant i?godi es generated by other flavivirus |like the Yellow Fever virus
and the "Sai nt Louis Encephalitis virus had not any recognition at all.

Fi nal 1y, thdEXAMRLE 4. Pyrificationsaf théprotei® BLHlinan sera of high titers and
three of | OWhE'Hicﬁﬁa%s%‘B?a'lr{%EfroEﬂE@"e‘}E %ﬁst@?ﬁbﬁsﬂme@mh %\ZH'i‘Qn@ g%\l\;?tsétalﬁbd) al

signal in both cases b tting Western blotting 46. Reactivity
of PID1l pr otWasHigrpt %%@PW’%&E%@C%P'BMIW%@ WB%H'Pté'é‘ed P&?ﬁeﬂdera“t'y as

Speci fi ci t y*iAsoluBleDibriiabbdited! to e BN the Mgt ERsEptionMRFAFRhed peitetINREEEE -
42 HVAF YFV HVAF SLV Mab 3H5 NT * A total of 10 pg of purified PIDl
was applied. The intensity of the signal obtained was evaluated from+ to
++, ** HVAF were used 1:100 while the NE 3H5 was used in dilution 1:1000.
5 *** EEE: Equi ne Encephalitis virus. YEV: Yellow Fever virus. SLV: Saint
Loui s Encephalitis virus. NI: Neutralizing specific-serotype. EXAVPLE 40.
Characterization of the antibody response generated by PID1 10 A total of
25 Balb/c mce were i.p inmmunized with 35 ug of purified PIDL in Freund
adjuvant; 10 aninmals were bled after four doses and the antibodi es anti-DEN
were eval uated by ELISA. Hi gh antibody titers against DEN-1 were obtai ned
mhlle no react|V|ty was obtalned agalnst the rest of the serotypes (tabIe

C—— s 1 s ™ N\ o a2 T



15 Finally, the in vitro neutralization assay was done and neutralization
titers of 1:320 against DEN- 4 were obtai ned. However, no neutralization of
the viral infection was found against the rest of the serotypes (table
49andt abl e 50). These results indicate the high serotype-specificity of the
ant i bodi es I [ i . ' from
the sera ob élllte(r}lﬂég'gg e9t¥ac%n@1d%|}]hl g%? ml%f’ t%gﬁg@%&'t%ﬁ%ﬁ@%ﬁé %&g% érs

anti - DEN- 4 wasioade@p@toar@%mumtwsﬁmmtnttlne)chaotrmqagem8Tr@d@etim obtgjoedl / 128
000< 1: 1003hé théh Rided Jent019\@4éhélatﬁﬂﬂ-s@9%s]e F!iQ,QﬁJHn &@a< LlK) Weel / 32
000< 1: 10071/ 128 .000< 1: 10081132 000< 1: é& 6 I\? 100 43 10
1/ 128 000 p@sgncelqj&uralsp% Thg Profeip ¥as eB&‘Fdl-H‘"“b'f“ graegerdn %%‘W%@tﬂﬂ?%l s

i muni zed wwblbmBIvias. |oMBdScﬁ'ﬂb 1 63-25 lagluih*to amélly obﬂ'EN{hfb profeihTinttee $orivmlatibn ant i -
DEN-4 PBS C&f} %PB ?h E11 320< é 531: o %d 41:40< 1:

55<11 5<1: 56 PUMe$RBS)] T pippaiaon ias tse .’L‘“éﬂ’B‘é’l 0<% s5101: 320< 1: 55

*The H titers were defined as the highest dilution capable of inhibiting

t he henaggl lEthAWﬁ:q_IEOfS Rhti @@haq.a&gﬂi;ﬂ,%gq,y‘pgm agai nst 8 herraggl utination
viral units_ Table 4 iral_neutralization assay Wt era%{aanlrrals

i muni zed wi'h® PE[ifed f’ﬂ%‘ﬂ%éﬁl@l&ma‘f’?szf’%act“?’[z%q §'tha"ﬁtt?y 'tm@a""m”dim 3t zi ng
titers doti pbigdlonat s&Bantlor nlirineé@@roclonabatitibodiéss ad wel ad by paditvelhuniahlser8820< 1:
551: 160< 1 I?%r?que%l%gle% 571: 320< 1: 581:320<1:591:160<1:5101: 40< 1: 5
10 * The neucf g tl’[ers were defined as the highest dilution of serum
havi ng 50% Toe ghestrreedgnitines inUPdl dlotling were abtajiied it ghe TiMAFeardieDEN-1. The

Cross-react iydg ?{ltlﬁﬁfiﬁwﬂgﬁ?ﬁﬁ& tRé Bthéﬂ”&.%réﬂﬂe@'wa%%ﬁrl’r%ﬁn lﬂ')é daké t%ﬁser and

viral 15 neutr sera of "animals I mmuni zed w

M xture of deffbe aptbpdies ganpgarated BERMEE%VQAUS( Bkx the dellgwo Bpvespirys3nd; the §en 3ELI SA
(anti- DEN- [4dis Ehwpﬁamiswo§héd A Qry adca@%n 0411 GO:Ry, Rhd Fesctivity BGainst tHkO<

1007 i i ) g oA PSR oA

of Neut r al i ziarsybigtantiahsignal indidathucases by \\VastRimbiattidgiand Rptblping.t i t ers***titers
anti -DEN-titers anti-DEN-titers anti-antl-DEN-123DEN- 41

Pl D1<1:5<1:5<1:51:1 60 2PI D1<1:5<1:5<1:51: 320 * Each mxtéJre was fornmed by
t hr ee sera. Table 16. Reactivity of PLH1 protein fo monoclonal and polyclonal antibo

Abs™

Specificity**  PLH1
HMAF DEN-1 ++
HMAF DEN-2 +

HMAF DEN-3 -
HMAF DEN-4 -
HMAF EEE -

HMAF YFV -
HMAF SLV -
Mab 3H5  NT -

20
*A total of 10 pg of purified PLH1 was applied. The intensity of the signal obtained was
evaluated from + to ++.
** HMAF were used 1:100 while the Mab 3H5 was used in dilution 1:1000.
*** EEE: Equine Encephalitis virus. YFV: Yellow Fever virus. SLV: Saint Louis

25  Encephalitis virus. NT: Neutralizing specific-serotype.
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** The HI

titers were defined as the highest dilution capable of

i nhi biting

the 5 henmaggl utinati on of goose's erythrocytes agai nst 8 henmaggl utination
*** The neutralizing titers were defined as the highest

viral units.

di lution of serum having 50% reducti on of the nunber of viral
EXAVPLE 41. g(api
the am no acids

virus (Sequence No. 46
in the |istAortasehde

viral

Chancock _ R M
DNA 15 s@quéHRiede

e

theelterz s4rh

i.no.Y., Cloni

R
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* Each mixture was formed by three sera.
** The HI titers were defined as the highest dilution capable of inhibiting the
hemagglutination of goose's erythrocytes against 8 hemagglutination viral units.

** The neutralizing titers were defined as the highest dilution of serum having 50%
reduction of the number of viral plaques.

EXAMPLE 17. Obtaining of pLH2
The nucleotide sequence that codifies for the amino acids from 286 to 426 of the

envelope protein from the DEN-1 virus (Sequence No. 32) was amplified with the

oligonucleotides identified in the list of sequences as Sequence No.6 and Sequence No.8
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viral DNA sequences: Anal ysis of genes coding for structural proteins.
Virol ogy 1986. 155:HMARB8). ®he vector was created by digestion Xba | Xba 1
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The purified fraction of PD4D2 was characterized either by its recognition

by different poly

as by positive human sera to Dengue (table 61).
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*** EEE: Equi ne Encephalitis virus.
tncephal itis virus.

NT:
E 52. Characterization of the
| of 25 Balb/c mce were i.p
reund adjuvant; 10 aninmals were
ti-DEN were eval uated by ELI SA
4 were obtained while, 5 no
the serotypes (table 62 and
n inhibition assay (H) was done
DEN-2 and DEN-4 (table 63 and
tion assay was done and
N-2 and >1:1280 agai nst DEN-4
of the viral infection was
(table 65). Table 62. Anti body

titers against DEN-2 and DEN-4 fromthe sera obtai ned upon i muni zation of

mce with POEm H fisiseverechefingg g5 |t8a hiomesbogitptien reapphie ppf dabiping the

C( -) Ant i - DEINafa§diatiAahbr diabbsddaNtArBitks 553ﬁsgéﬁerﬂ\agghﬁlﬂatﬂﬁQ/RaILm@-ZB 000< 1:
100< 1: 10021: g28 0001: rg128 000< 19[ 100< 1: 1003> 1: 128 000> 1: 128 000<

1: 100< 1: 1004> 1: 128 000> 1: 128 000< 1: 100< 1: i0051 64 000> 1: 128

000< 1: 100 0 000> 1:
128 0004,1 1 Toble 24 M el Z ey 6 Sel5 of R PorniRih e, 000 T
0001: 12g O0Mdude Nlewtﬁ“zling 100G rakdRg 000> 1: 128 000< 1: 100< 1: 100 15
Tabl e 63. Titers [Riters* aR§-DERE tﬁ&l’sa“ﬁﬂ‘ PENLhe ani mal s i muni zed with PD4D2.
MouseTi ters| by H|((PRARR) Ti terscpy H PBS
C(-)Anti - DEN 4AI|L|>1D1'.:2"B'- 2AMtT—REN=ANtT=DEN- 21> 1: 640> 1: 640< 1: 5< 1: 52>
1: 640> 1: 630< 157555 53> J<1%OT.—_3Z®< 1: 5< 1. 54> 1: 640> 1. 640< 1:
o< 1. 551: BFOITBAUTogh o< i< p&> 1. 040p 1. 640< 1. 5< 1. 57> 1. 640> 1:
640< 1: 5< Iz 581571373 320774959 17 591: 3201: 320< 1: 5< 1: 510> 1:
640> 1. 640+ 1 5K1ij28p o4 Jg Htiters were defined as the highest
di lution capgble [off- 135y b Ui Nk §:ke hemaggl uti nati on of goose's erythrocytes
agai nst 8 hepaggl |Gt fgggl on Vi faf:-sini ts. 5 Table 64. Viral neutralization
assay w th (8¢ Serq: ¢igoani mal & {.mruni zed Wi th PD4D2. MouseNeutrali zi ng
tlters* (PDAPZ)NEUtBad 1 2l Ng ()4 €55

10 >1:1280 <1:5

* The neutralizing titers were defined as the highest dilution of serum having 50%
reduction of the number of viral plaques.
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pab% the
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Four ha]l | tgﬁm %ﬁlgfbggse %ga 5 r?:\%e 9 vvere usegI édz | h1(:ahe

'_"'_'I\T’D_)

f our V|raI an
m ce of these con ro groups surV| ed while mce fromthe negative control
group becone sick between 7-11 days after challenge; therefore, achieving a
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| mmunogenPer centa
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EXAMPLE 54. gﬁ% dr&dtéd by QideSTRONSRe %mnaésﬁ»m& il ehnf; /B8Rt HOWRKRS
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(PLL1, PLL2 Gaﬁte"PL'Les')UC'e&H‘éf %QH?%@@% caditrsdor the *k%{efﬁlnrqne orESeqygce
the | ast dOSGBhlst'ElhféB withdLe stop lcodun (Skqudice HORIRTHIs Wigsstion peesitsaisk fasidn bitbe 10

I h f f
<X i og Sraiseoine TbRER G ORI dbe, I iRl i S1oFaRE g JERBHE Ugeh 5 "o

whi ch denopndigatiine thdlmeralabepmnplp@ts pets anatyzed Hp cestrctiomenzid digestion palll e 67.

St | at |
| ylrrprrﬁ Ogylt 22 dogm?éaﬁnes%e 4 niﬁhg& th&HécI{]?ﬁﬂﬂé'%n&'iJn@ C&ﬁ’ﬁé@érﬁf E@l& w810 were

PLL1PLL2PLL3@nsipmeed with the selected clone, called pLH3 (Fig. 6 and Sequence No.37). Upon

*1.00. 81. 2DiErowis tr%l&:lé’r% il LeAbdibd 1a GbsoRAGHE oﬂEPEI\beﬂaJarm:s&éwE& dbhenis al
Anti gen **13 316. 5

11.01. 3 Q. *Stimul t|o 4,nde, of the
count s ;lj%)r rFenil @ 'ﬁé’aengr?ﬁ eggl B?‘&e‘?ém“ h RecoLB tfgr g%{ %1% tét% g‘ﬂ‘nar
control of tmmempofnealueammes)]mtemebiamedbomondeﬂ torihesygerof the size of the MDH
Phyt ohemaggl yibdeini dhd tiPDENe protein fragment from the DEN-1 virus. The protein was recognized
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CLAIMS 1. Chimeric nucleotide chains characterized by being the specific
conbi nati on of sequences corresponding to fragnents of the E protein from
Flavivirus, with 5 sequences corresponding to the codifying gene for the
nmut ated MDH protein, identified in the Sequences Listing as Sequence No. 26,
Sequence No; 1 t f . t4h i [ .23,
whi ch codif"12 o@ngﬁ%ﬁﬁPi%FSrggg?ﬁéhEg%ggl@ﬁgrkgﬁgﬁg%hggga?wﬁﬁgg egﬁgﬁse of
neutralizinéoéﬁﬂ protective antibodies in the recipient, against the

Fl avi virus, when these proteins are present 10 in a pharnaceuti cal

preparation J i c.nucl eot i ai ps_according to claim1
characterizE&ayy£%%¥ﬁBU9W%H?Bé€pFﬁ§J§QHB&Wbtion of one or several sequences
that codsfy for the am no acids 286 to 426 of the E protein from Dengue

vi ruses wi t fihe binmass betatned dromethe &n celi sifairt transfoBRegpwith pLH3 andhgrowntah 3%
sequences a (s r S | b A N the
Sequences LSA,s:a'Ee' |dﬂ}3§‘g‘é§g§§ﬁ%ﬁ@é’ r 'SI". de Pe%gqﬁ'@ﬁ@tgprﬂgﬂggé%gﬁggi(%%fgh EI%MZ%

whi ch codi f goluble apainselkble. fipwmites insolebipliatian.dhe prtpi VAR apEHEPEY Uedfine

res p?nse of M‘,_%FI_& il é&b%{aﬁﬂ@orﬁéiﬁh&ﬂ? PIHBEIbPO dbe alisy éﬁa@gr@%ﬂ BéIGMA to
serotype-speci fic agai nst eac r e . Denque virus. 3. ric

nucl eot ilde EWBINAE t%% HPm%aQ%‘t'jﬁS?rﬁé%T °§{?H'%§“géﬁ}fpd%&ldép PE@&“%?R%@F\Q@ 20
formed by tisephardsd FF rolumaqPamarsiaf OK), til theapresemcaof s 286s. (The £BBimowasg he E
protein from_eac er of 1 3 , (e : he 3
end region tﬁgﬁe{'@? f"lggégcg%er 5 ﬁ%M falnrggﬁ © i’??%{rr‘ﬁ%ggaa@?%s‘f& tg? M aga%bgﬂ"t ein,

i dentified &nafpdoenue Fstios of the [hiinewasclondrd ede iade-25hrolum tceseidithly to
claims 1 angrelein GHMARlbESTblker REBHO TRR frepdiifbnbyad besdCRAimMungogiesuences
for thelgnlno acids 286 to 426 of the E protein fromeach serotype 1, 2, 3

and 4 of'°Def§¥¥Svirus, inserted in the region that codifies for the anino
acid 45 of the MDH protein, identified as Sequence No.26. 5. Chineric

nucl eoti de Mh@%ﬁ%%&%%c%ﬂa&k@*i%i& Apins. characterized by being

formed by the C equences tor the amno acids 286 to 426 of the E
protein 30 fromeach serotype 1, 2, 3 and 4 of Dengue virus, fused to the
3' end regi dinetpuifiedt fe¢tionef RLHI3 wase chaDatterized either byl il redopeitionaby Jitgirice
NO. 29 j i | i b | | iti ra.)an sera

Char act ot 709UpoN PR WlAng Btk SRbEEs Sl o ol urken et ot
codify for tthPeagHe{EPRIYs 286 to 426 of the E protein fromtwo different
ser ot ypes ofTheeighest retogmitionsivirt Dott Biettirgbwere pveairee with thé ¢IMADHantikDEN. dhe of

t he sequenc . i [Ny d Sl ed. | LoN that
codi 1 a5 1 on e UaE RN el by S B Sistuds o S i Eosk 0P SHBHLET
fused to thd.3he apiiiodies generated b ether/fipyiviieg liksmibe Yeloy fever ivisus ard beqainice

No. 29. A5 ReeQRIEMNREHalifVinks hhd ndaRy PAcagnifdhedt af LraRdIg,aRe Raactty Bgaihdtenree
expression products of . the nucl ot“g? chai ns I%ﬁﬂhilalns 1, 2 3h'4h 5 and
6, and bei ng“@EpSBra! Highditers autihrRe of 'y e aealn 1 W88 FisiRs W egrachieving
neutral i zi ng Qubstaptiadbigedl insotiacdsied byl Detbloting dmel Westerpbletiing. ser ot ype- specific
only agai nst each honol ogous serotype of Dengue virus, when these proteins
are present in a pharmaceutical preparation. 8. Chineric reconbinant

prot ei ns chadkabls 26 | Reagtivily obRiHiproteln te rienealanabandnabgiepalantodiese nucl eot i de
chains fygpomclains 1 and 6, and bei ng capable of inducing a 10 hunor al

i nmune response, neutralizing and protective antibodies in the recipient,

speci fic agai nst tHPS{wo hopol g us, ser es of Dengue virus. 9. Chineric
nucl eoti de chains,—LdenLLLkga%ﬂggén%LaLﬁgﬁgy—%he—Sequence No. 24, according
toclains 1, 2 and arac i,zed by bejng the conbination of the
sequences identifiéﬁwgﬁ thebééauences L?%?ing as Sequence No. 22 and
Sequence 15 No. 23, heh cogifies for the chinmeric protein PLL1. 10.
Chineric protein PLLL, according to clains 1, 2 and 7 characterized by
havi ng essential ly gjpgram npgRod d sequence identified in the Sequences

Li sting as Sequence No. 25, be the expression product of the Sequence No. 24
and bei ng capabl e agimaprduci pgNas hunor al -response, neutralizing and
protective in the 20 recipient specific against the Dengue-2 virus, when
PLL1 is present in a pharmaceutical preparation. 11. Chineric nucl eotide
chains according to clains 1, 2 and 4 i%&ntified essentially as Sequence
No. 27, characterised by being the conbindti on of the sequences identified
in the Sequences Listing as Sequence No.22 and Sequence No. 26) 25 which
codifies for the chinmeric protein PLL2. 12. Chineric protein PLL2,
according to clains 1, 2 and 7 characterized by having essentially the

am no acid sequence identified in the Sequences Listing as Sequence No. 28,
be the expression product of the Sequence No. 27 and bei ng capabl e of

i nduci ng a hunoral response, neutralizing and protective in the 30
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16. Chineric protein PLH 1, according to clains 1, 2 and 7 characterized by
havi ng 10 essentially the am no acid sequence identified in the Sequences
Li sting as Sequence No. 34, be the expression product of the Sequence No. 33

and bei ng capabl e of
protective in the recipient specific against the Dengue-1 virus,

is present in a phajjmceutiggd preparat.ion.
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kDA band was obtained, which accounted for 10% of the total cellular proteins. The size

of the protein obtained corresponded to the sum of the N-terminal region from the MDH

protein and the DENe protein fragment from the DEN-3 virus. The protein was recognized

in Immunoblotting by polyclonal antibodies (PA) anti-DEN-3 contained in the HMAF. This
25  protein was denominated PAZ1 (Sequence No.41).

EXAMPLE 26. Purification of the protein PAZ1
The biomass obtained from the E. coli strain transformed with pAZ1 and grown at 37°C
was disrupted by French press. The recombinant protein was obtained preponderantly as
30 insoluble form associated to the pellet of the cellular disruption. From the pellet, the
protein was extracted with urea 7 M and the supernatant, containing the PLH1 protein,
was loaded onto a G-25 column to eliminate the chaotropic agent. The fraction obtained
was then loaded onto the Chelating-sepharose FF column (Pharmacia, UK), in the
presence of Cu™ ions. The protein was eluted with Imidazolee 60 mM and the obtained
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* A total of 10 pg of purified PAZ1 was applied. The intensity of the signal obtained was
evaluated from + to ++.
** HMAF were used 1:100 while the Mab 3H5 was used in dilution 1:1000.

20 ** EEE: Equine Encephalitis virus. YFV: Yellow Fever virus. SLV: Saint Louis
Encephalitis virus. NT: Neutralizing specific-serotype.

EXAMPLE 28. Characterizatlon of the antibody response generated by PAZ1

A total of 25 Balb/c mice were i.p immunized with 35 ug of purified PAZ1 in Freund
25 adjuvant; 10 animals were bled after four doses and the antibodies anti-DEN were

evaluated by ELISA. High antibody titers against DEN-1 were obtained while, no reactivity
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** The neutralizing titers were defined as the highest dilution of serum having 50%
reduction of the number of viral plaques.

20
EXAMPLE 29. Obtaining of pAZ2

The nucleotide sequence that codifies for the amino acids from 286 to 426 of the
envelope protein from the DEN-3 virus (Sequence No.39) was amplified with the
oligonucleotides identified in the list of sequences as Sequence No.11 and Sequence
25 No.13 from a DEN-3 viral strain (Osatomi K., Sumiyoshi H. Complete nucleotide
sequence of dengue type 3 virus genome RNA. Virology.1990. 176(2):643-647).
The vector was created by digestion of the pM84 His plasmid with Xba I/ Eco RI, which
contains the nucleotide sequence that codifies for the MDH protein and for a sequence of
6 histidines (Sequence No. 26). This digestion permits the insertion of the amplified
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theChelating-sepharose FF column (Pharmacia, UK), in the presence of Cu** ions. The
column was washed with Imidazolee 40 mM and the protein was eluted with Imidazole
100 mM. Finally, the pure fraction was loaded onto a G-25 column to obtain the protein in
20 the formulation (PBS). This preparation was used for immunological studies.

EXAMPLE 31. Antigenic characterization of PAZ2

The purified fraction of PAZ2 was characterized either by its recognition by different

polyclonal sera and/or murine monoclonal antibodies, as well as by positive human sera
25  to Dengue (table 36).

The highest recognitions in Dot blotting were obtained with the HMAF anti-DEN-3 (higher

than those obtained with PAZ1). The recognition by HMAF against the other serotypes

was lower than in the case of serotype 3. The antibodies generated by other flavivirus like

the Yellow Fever virus and the Saint Louis Encephalitis virus had not any recognition at
30 all. Finally, the reactivity against five human sera of high titers and three of low titers

against DEN-3 was measured, achieving a substantial signal in both cases by Western

blotting and Dot blotting.

Table 36. Reactivity of PAZ2 protein to monoclonal and polyclonal antibodies.
35

35



10% & ()-Z 10% & ()-Z '+n-10% & ()-Z 108 & ()-Z hL,810% & ()-Z 10% & ()-Z
'+n10% & ()-Z 10% & ()-Z 10% & ()-Z ' +neG 810% & ()-Z ' +n10% & ()-Z
1096 & ()-Z 109% & ()-Z ' +nl0% & ()-Z

a~"> 810% .!10% " &() 110% ", & ()-.110%", & ()-.110%", & () -

*7"10% ", & ()-
10% & () -*0=CPW ?, 81
110% ", & ()-.!109
"()-.110%", & () - lm% & ()- -

dl zZ:,810% 1 10% ", & ()-. ! 10% " &() 110% ", & ()-.110%", & ()-.110%", & () -
)2< dlyl RON'! 109 & fiakO" 10" 16EN210% & () - -410%6 & ()-.!10% ", & ()-)?<

d!' U9_R2N'1 109 & ()-1)?Y n!N'1109%6 & ()-N'110% & ()-N'110% & () -N'110% & () -
(YU _R2N'110% & () - AMAF DEN-3 ++

NIN'110% & ()-N'110%& ()-N'110% & ()-N'110% & ()-)4AN[hi 5 R2)?Y n
109 & ()- 109 & ()- HUSFL ()- DEMAS ()- 109%r& ()-ip{d: _R2))?Y n 10%& ()-
10% & ()- 108 & ()- 10%& ()- 10% & ()-d: _R2))?Y n 10%& ()- 10% & ()-
10% & ()- 109 & ()- H¥eFe ()-d:EER))?2Y n 108 & ()- 10%& ()- 10% & ()-
1096 & ()- 109 & ()- dD R2))? 10%& ()- 10% & ()- 10% & ()- 10% & ()-
10 & ()- 10% & () - HiNGRe_R2) 1 2o ()-@ 2z 10%a" 18 ()-@2'10% ", & ()-

.100@--6 wrr. 1 10% pags ()-.110% ", & ()-.!110% ", & ()-
. 0!

T & ()-.110%", & ()-.110% ", &

2:10% & ()~ @10% & ()ghav n k= %,‘LV_RZ)I ot 10% " & ()-- f#nt 109%" 68 ()- -
9Nt 10%" 6& () - bithGq 1& (7= "ont 10% " "& ()~ 10% & ()- PTWKYZFt S2
=91 10% & ()-& 9 Loy o 410" 110" 10%& ()-- " f#nt10%"

&()"" f#o, OV el PHE _jhtbnsity ?’%’e@s robtalnedwas

LZ"10% & (),

] /ég (
- 10;%) & ()- ised 1° %%% fneMab 31—@9@6?5 dskd in dnunohof’/qo%o( ) - t T<2 =, &
-10% & () - ***1@%E& ne: Enddpiants (Virus. -YFRAL Belloy- Fer®: viru8, H1¥B" Sairt) touis
& 1098" &'5( ) En¥épHahiE \irué.NT: NeQR4liging specific-sé¥pé ()- -10% & ()- ade|[:-2108"
3:1098"& ()-& @|"1098" & ()-Y /1" 10%@@ ()- '/1"10%8": & ()- +/1"10%& () -
& 1098" & () -efrainAR94) Thara@ek2afortof(the antibodyUeSpanse generaied yPAZR () -
Z"1098" & () -A told)%8'28’ lBélbl&G)ﬁcé.OBre) IfCinARH LA with 20 ug of purified PAZ2 in Freund

108" & () AREREG AL RS st Dl ol e, e@é@hﬁ‘e%wg 8 TR 4,
i 1098" & 1(0) eyaljated b ELISPEHigh @ntihodp titgrssagainst DENG werg 9btalm¢ﬂ>/m ilg: (g teagtjvity

I‘ '13%‘3 && A Iv&laé&ﬁ%%m%d(abaiﬂbt 1R Fé%?/& ‘the éérol@&@ab@e 1 and4tab|e 40). In addition, the HI
assay was done and only posmve tlters were f%un@gagalrgs} DENZ3 (table 38 and table

40). Finally, the in vifro neutralization assay was done and neutralization titers of 1: 1280

LZ 10%&

?‘@

against DEN-3 were obtained (table 39). No neutralization of the viral infection was found

15 against the rest of the serotypes (table 40).

Table 37. Antibody titers against DEN-3 from the sera obtained upon immunization of

mice with PAZ2.
Titers anti-DEN-3 | Titers anti-DEN-3
Mouse PAZ2 PBS
Control (-)
1 >1:128 000 <1:100
2 1: 128 000 <1:100
3 >1: 128 000 <1:100
4 >1: 128 000 <1:100
5 1: 128 000 <1:100
6 >1: 128 000 <1:100
7 1: 64000 <1:100
8 >1: 128 000 <1:100
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Table 40. Cross-reactivity assay against all the viral serotypes by ELISA, HI and viral
neutralization with the sera of animals immunized with PAZ2.

15

Mixture of sera | ELISA (anti- ELISA (anti ELISA (anti- ELISA (anti-
* DEN-1) DEN-2) DEN-3) DEN- 4)
1 (PAZ2) <1100 <1/100 >1:128 000 <1/100
2(PAZ2) < 1/100 <1/100 >1:128 000 <1/100

Mixture of sera

*

Hi**anti-DEN-1

HI anti-DEN-2

Hl anti-DEN-3

HI anti-DEN-4

PAZ2

<1/5

<1/5

>1/ 320

<1/5
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* Each mixture was formed by three sera.

** The HI titers were defined as the highest dilution capable of inhibiting the
hemagglutination of goose’s erythrocytes against 8 hemagglutination viral units.

*** The neutralizing titers were defined as the highest dilution of serum having 50%
reduction of the number of viral plaques.

EXAMPLE 33. Obtaining of pAZ3

The nucleotide sequence that codifies for the amino acids from 286 to 426 of the
envelope protein from the DEN-3 virus (Seq. 39) was amplified with the oligonucleotides
identified in the list of sequences as Sequence No.14 and Sequence No.15 from the
DEN-3 viral strain (Osatomi K., Sumiyoshi H. Complete nucleotide sequence of dengue
type 3 virus genome RNA. Virology.1990. 176(2):643-647).

The vector was created by digestion of the pD4 plasmid with Bam HI/Bam HI which
contains the nucleotide sequence that codifies for the MDH protein and for a sequence of
6 histidines without stop codon (Sequence No.29). This digestion permits the fusion of the
amplified fragment by PCR after the C- terminal region for the MDH protein. Upon
ligation, the potential recombinants were analyzed by restriction enzyme digestion and
positive clones were sequenced to check up the junctions. Competent cells W3110 were
transformed with the selected clone, called pAZ3 (Fig. 9 and Sequence No.44). Upon
growing the colony in LB medium, a SDS-PAGE of the cellular lysate was done. As a
result a 80 kDA band was obtained, which accounted for 20% of the total cellular
proteins. The size of the protein obtained corresponded to the sum of the size of the MDH
protein and the DENe protein fragment from the DEN-3 virus. The protein was recognized
in Immunoblotting by a HMAF anti-DEN-3 and was denominated PAZ3 (Sequence
No.45).

EXAMPLE 34. Purification of the PAZ3 protein

The biomass obtained from the E. coli strain transformed with pAZ3 and grown at 37°C
was disrupted by French press. The recombinant protein was obtained in both forms:
soluble and insoluble. From the insoluble fraction, the protein was extracted using Urea 7
M, and the supernatant, containing the PAZ3 protein, was loaded onto a G-25 column to
eliminate the chaotropic agent. The fraction obtained was then loaded onto the Chelating-
Sepharose FF column (Pharmacia, UK), in the presence of Cu®™ ions. The colum was
washed with Imidazolee 45 mM and the protein was eluted with Imidazole 230 mM.
Finally, the pure fraction of the protein was loaded onto a G-25 column to obtain the
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109% & () - nzy YOvV694.0! 3g:
n'110% & ()-!110% & ( N%/\EQVVG%g ﬁO%&()-llo%&()-llo%&() ) ?A
NtT10% & ()-!10% & ( vVeod %&() P10 & ()-110% & ()-)?A
n"lO%&()-'10%&(h@§)OUY9vB§% '10%&() P10 & ()-)?T 0! 110% & () -
F10% & ()- '10% & () >EFGE uZz 40 L° 10%& () P10 & ()-)?T il
110% & () - '10% & () gMaF0% & ( belNYd s_ 5vV6%L; 10%6 & ()- 10% & () -
10% & ()- 10% & ()- 10% & ()-d:vVveoud)) ?Jd i 10%&'()- 10% & ()- 10% & () -
10% & ()- 10% & () - dHMMEYA) ) ?2IDEN4LOW & () -+10% & ()- 10%W & ()- 10% & () -
10% & ()-d: vVveoudl)) ?Jd i 10% & ()- 10% & ()- 10% & ()- 10% & () -
1096 & () -% -d: vvV6%d) HMAF 10%REE) - 10% & €)- 10% & ()- 10% & () -
10% & ()--. Wa@Vved)) 110% & ()- ,t10%W & ()- (YyF'10%" (& ()-
#yF"lO%i"#&'()- yF 160 () - 10‘??5\& ()-8CKD| F:vVeod) " ("10% & () -
@("10%D @& () - 10% & ()- ,'z10% & ()- @AY"10% & ()- @
10% & (%)Dl\/ZVU4% BZ ﬂﬁﬁé; 2& () - SLv 10%& ()-"f- 10% & ()-S10"10"10"
:10% & , Y5T 109 @|[:v "m'109%4 "] & - 6mM'10% & - 910% & -
10%&'()_ @10%&'/%“&%3)457 1nn/./l]<ﬂr 4 ] () () ()

15 * A total of 10 ug of purified PAZ3 was applied. The intensity of the signal obtained was
evaluated from + to ++,
** HMAF were used 1:100 while the Mab 3H5 was used in dilution 1:1000.
** EEE: Equine Encephalitis virus. YFV: Yellow Fever virus. SLV: Saint Louis
Encephalitis virus. NT: Neutralizing specific-serotype.

20
EXAMPLE 36. Characterization of the antibody response generated by PAZ3
A total of 25 Balb/c mice were i.p immunized with 20 ug of purified PAZ3 in Freund
adjuvant; 10 animals were bled after four doses and the antibodies anti-DEN were
evaluated by ELISA. High antibody titers against DEN-3 were obtained while, no reactivity
25  was obtained against the rest of the serotypes (table 42 and table 45). In addition, the HI
assay was done and only positive titers were found against DEN-3 (table 43 and table
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10%5 & ()-\{ & (;"1 740 A @0%"&'13( TagY%%" & () -\ @0 & ()-eGH>\ @0%" &
"()-'+?2\@o /”""ﬁ‘()-\%q%c y O Y @@Yﬁt_%%—(—)‘ +?2\ @0%" & () - eE+>\ @0%" &' () -\
@ovs" & ()- i; &) 1286 &Iz ot @Y% & () -\ @09 " & ()-!()+0hL, >\ @
09" & ()-\ arove“& ()12‘1'23\ 0%"‘&‘—@—{:\7%0%“&' ()-\@0%" & ()-'+?0568@BI eE, >\
@ovs" & @ oY% '1g -\g@qg@‘dﬁﬁf\‘@@?ﬂa&‘—(‘)—-\ @0%" & ()-'+2\@o%" & ()-13J0Q
{)Cd{H—>\@\lO &)= F @O & ()- Va0 & O-\a@ow"& ()-\@ovs" & ()-' +?2dv
I q}~">-> 09 1 10% %‘& A

& £109% & ()- @4(3 93?(55@/‘?@‘ 9“'%9 %@-@e‘@%ﬁ?ﬂ? et’)“j“%g’(‘\?&/g 3& ()-~
(10% & () - " [ohse |& TiterS bQ]:W"&TI&érs’by]l-lié(ntl—O%& O-" (10% & ()-™ (10% & ()-"
"4r (10% & () -" (10%aRti{DEN'3 ( 10BEN-IPBS Qf), (10% & () -~ (10% & ()-"
"4r (109 & ()-~ (10% &PAR3N (1P%W & ()-"~ '4reGH(10% & ()-~ '4r(10% & ()-~
(10% & () - [T R ()>T e4dr (1P & £)-5

2 >1:640 <1:.5

3 1: 320 <1:5

4 <1:5 <1:5

5 >1: 640 <1:5

6 <1.5 <1:5

7 1: 320 <1:5

8 >1: 640 <1:5

9 >1:640 <1:5

10 1: 320 <1:5

10

*The HI titers were defined as the highest dilution capable of inhibiting the
hemagglutination of goose’s erythrocytes against 8 hemagglutination viral units.

Table 44. Viral neutralization assay with the sera of animals immunized with PAZ3.

Mouse | Neutralizing Neutralizing
titers titers

anti- DEN-3 anti- DEN-3

PAZ3 PBS C(-)

1 >1: 1280 <1:5
2 1: 640 <1:5
3 >1: 1280 <1:5
4 >1: 1280 <1:5
5 >1: 1280 <1:5
6 >1: 1280 <1.5
7 >1: 1280 <1:5
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| 104K" & ()-1109%K" & () -1 10%K" & ( eG+4I 10K" & () -'0{
| 109" & () - | EXAMPLE --qb}.ﬂ%('g&f D1

The nucleotide sequence that cod|f|es for the amino acids from 286 to 426 of the

<1 <1: >1; 1280 - <1.5 |
(- "@- é SO ST &(J1%7"0e| pgxX@

- M"&'()-Yzq ~9p0O 4

20 envelope protein from the DEN-4 virus (Sequence No.46) was amplified with the
oligonucleotides identified in the list of sequences as Sequence No.17 and Sequence
No.18 from the DEN-4 virus strain genotype (Zhao B., Mackow E.R., Buckler-White A.J.,
Markoff L., Chancock R.M., Lai C.-J., Makino Y. Cloning full-length Dengue type 4 viral
DNA sequences: Analysis of genes coding for structural proteins. Virology 1986. 155:77-

25  88).

The vector was created by digestion of the pM108 His plasmid with Xba I/Bam HI, which
contains the nucleotide sequence that codifies for the N-terminal region of the MDH and
for a sequence of 6 histidines (Sequence No. 23). Upon ligation, the potential
recombinants were analyzed by restriction enzyme digestion and positive clones were

30 sequenced to check up the junctions. Competent cells W3110 were transformed with the

selected clone, called piD1 (Fig.10 and Sequence No.47). Upon growing the colony in
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100 & () - FERAE ' HENSRISEA R ighyina DEN4 yivg, Thogessip 69decgopized
#1098" & §) - HliaMiindblolting b9 paly@or(a) antibedigd (A a8ti-DENF ¢ontaireduin the HMAF. This
eE+4#1098" &pfohsint hddBerbntinatdSHY (Sodubnctto & () - 42
EXAMPLE 38. Purification of the protein PID1
The biomass obtained from the E. coli strain transformed with p!D1 and grown at 37°C
was disrupted by French press. The recombinant protein was obtained preponderantly as
10  insoluble form associated to the pellet of the cellular disruption. From the pellet, the
protein was extracted with urea 6 M and the supernatant, containing the PID1 protein,
was loaded onto a G-25 column to eliminate the chaotropic agent. The fraction obtained
was then loaded onto the Chelating-sepharose FF column (Pharmacia, UK), in the
presence of Cu™ ions. The protein was eluted with Imidazolee 60 mM and the obtained
15 volume was loaded onto a G-25 column to finally obtain the protein in the formulation
buffer (PBS). This preparation was used for immunological studies.
EXAMPLE 39. Antigenic characterization of PID1
The purified fraction of PID1 was characterized either by its recognition by different
polyclonal sera and/or murine monoclonal antibodies, as well as by positive human sera
20  to Dengue (table 46).
The highest recognitions in Dot blotting were obtained with the HMAF anti-DEN-4. The
recognition by HMAF against the other serotypes was lower than in the case of serotype
4. The antibodies generated by other flavivirus like the Yellow Fever virus and the Saint
Louis Encephalitis virus had not any recognition at all. Finally, the reactivity against three
25  human sera of high titers and three of low titers against DEN-4 was measured, achieving
a substantial signal in both cases by Dot blotting Western blotting.

Table 46. Reactivity of PID1 protein to monoclonal and polyclonal antibodies.

Abs**

Specificity™* PID1
HMAF DEN-1 -
HMAF DEN-2 -
HMAF DEN-3 +
HMAF DEN-4 ++
HMAF EEE -
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- P 10% &' () EXAMPLES40, Chitattetizdtidn of)tﬁébﬂ@ﬂd? rasfiong @ Yererafed) by @D1

n! P! 109 & () Pl10% & ()-P!10% & ()-P!'10% & ()-X hrz{Uu9, >XP! 10% & ()-)?@

n! P! 10% P 10% & ()-P!'10% XPI 10

1 p1 100618 (% 51 2 PSR e U6 g Wi 95 GO FI91 ofieurd ) 1 1056
"&()-! 10% &bjuyarit;1 006aRinfdls were bled after four doses and ‘the antlbodles anti-DEN were

f10% & () - z ) 0

i 1 #0=J {[ vali%g/&g/ %S?IS(A thﬂrggib?ﬁ &?telféa&afigﬁégéN1 §bt i e_dl \%rg%e”/(,) lgb %)Lctgv’gr

i TIWK sz9 waix obtegues ggeinst thqm the serofypes dalile 47ar@¢aﬂﬁg§

}_83 i ()- yi%s?a% wa]scbo&&aﬁa only pOSKiV& titers wer%qgﬁln& nst d@\%‘.&abﬂa 48)al?dfalﬂe 50).

° () y %‘mally tl1ie in th neutraPzatlon stay wgs/bd(cgfn )and n]égtrallzatgc)n tltLrS of 1:320
against DEN- 4 were obtained. However, no neutralization of the viral infection was found
against the rest of the serotypes (table 49andtable 50). These results indicate the high
serotype-specificity of the antibodies elicited by PID1.

Table 47. Antibody titers against DEN-4 from the sera obtained upon immunization of

20  mice with PID1.

Titers anti-DEN-4 | Titers anti-DEN-4

Mouse PID1 PBS Control (-)
1 1/ 128 000 <1:100
2 1/ 128 000 <1:100
3 1/ 64 000 <1:100
4 1/64 000 <1:100
5 1/ 128 000 <1:100
6 1/32 000 <1:100
7 1/ 128 000 <1:100
8 1/32 000 <1:100
9 1/ 128 000 <1:100
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Mouse| Neutralizing Neutralizing
titers titers anti-DEN-
anti- DEN-4 4

PIDA PBS C(-)

1 1: 320 <1:5

2 1: 80 <1:5

3 1: 320 <1:5

4 1: 320 <1:.5

5 1: 160 <1:.5

6 1: 320 <1:5

7 1: 320 <1:5

8 1: 320 <1:.5

9 1: 160 <1:5

10 1. 40 <1:5

10
* The neutralizing titers were defined as the highest dilution of serum having 50%
reduction of the number of viral plaques.

Table 50. Cross-reactivity assay against all the viral serotypes by ELISA, HI and viral
15 neutralization with the sera of animals immunized with PID1.

Mixture of sera | ELISA (anti- ELISA (anti ELISA (anti- ELISA (anti-
* DEN-1) : DEN-2) DEN-3) DEN- 4)
1 (PID1) <1/100 <1/100 <1/100 1: 64 000
2(PID1) <1100 < 1/100 < 1/100 >1: 128 000

Mixture of sera | HI*anti-DEN-1 | HI anti-DEN-2 | HI anti-DEN-3 Hl anti-DEN-4

*
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10))))) )1 IR iR B S G O Rk 1) - L
110% & ()- I Wﬂﬁ% nl, 1 T -Ltitxi‘ﬁ'.ﬁa.%gnn.tofmﬁ?ém Lottt () - C
anti-DEN-1 2 DEN-4
1(PID1) <1:5 <15 <1.5 1: 160
2(PID1) <1:5 <1:5 <1:5 1: 320

* Each mixture was formed by three sera.

* The HI titers were defined as the highest dilution capable of inhibiting the
5 hemagglutination of goose’s erythrocytes against 8 hemagglutination viral units.

*** The neutralizing titers were defined as the highest dilution of serum having 50%

reduction of the number of viral plaques.

EXAMPLE 41. Obtencién de plD2
10 The nucleotide sequence that codifies for the amino acids from 286 to 426 of the
envelope protein from the DEN-4 virus (Sequence No.46) was amplified with the
oligonucleotides identified in the list of sequences as Sequence No.16 and Sequence
No.18 from a DEN-4 viral strain (Zhao B., Mackow E.R., Buckler-White A.J., Markoff L.,
Chancock R.M., Lai C.-J., Makino Y. Cloning full-length Dengue type 4 viral DNA
15  sequences: Analysis of genes coding for structural proteins. Virology 1986. 155.77-88.
The vector was created by digestion of the pM84 His plasmid with Xba I/ Eco RI, which
contains the nucleotide sequence that codifies for the MDH protein and for a sequence of
6 histidines (Sequence No. 26). This digestion permits the insertion of the amplified
fragment by PCR within the coding region for a structural domain of the MDH protein.
20  Upon ligation, the potential recombinants were analyzed by restriction enzyme digestion
and positive clones were sequenced to check up the junctions. Competent cells MM294
were transformed with the selected clone, called plD2 (Fig. 11 and Sequence No.49).
Upon growing the colony in LB medium, a SDS-PAGE of the cellular lysate was done. As
a result a 80 kDA band was obtained, which accounted for 20% of the total celiular
25  proteins. The size of the protein obtained corresponded to the sum of the size of the MDH
protein and the DENe protein fragment from the DEN-4 virus. The protein was recognized
in Immunoblotting by a HMAF anti-DEN-4 and was denominated PID2 (Sequence No.50).
EXAMPLE 42. Purification of the PID2 protein
The biomass obtained from the E. coli strain transformed with plD2 and grown at 37°C
30 was disrupted by French press. The recombinant protein was obtained in both forms:
soluble and insoluble. The protein associated to the insoluble fraction was extracted using
Urea 6 M, and the supernatant, containing the PID2 protein, was loaded onto a G-25
column to eliminate the chaotropic agent . The fraction obtained was then loaded onto
theChelating-sepharose FF column (Pharmacia, UK), in the presence of Cu™ ions. The
35 column was washed with Imidazolee 30 mM and the protein was eluted with Imidazole
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1 10

HMAF DEN-2 -

HMAF DEN-3 +
HMAF DEN-4 +++
HMAF EEE -

HMAF YFV -
HMAF SLvV -

Mab 3H5 NT
15 * A total of 10 ug of purified PID2 was applled The intensity of the signal obtained was
evaluated from + to ++.
** HMAF were used 1:100 while the Mab 3H5 was used in dilution 1:1000.
** EEE: Equine Encephalitis virus. YFV: Yellow Fever virus. SLV: Saint Louis
Encephalitis virus. NT: Neutralizing specific-serotype.

20
EXAMPLE 44. Characterization of the antibody response generated by PID2

A total of 25 Balb/c mice were i.p immunized with 20 ug of purified PID2 in Freund
adjuvant, 10 animals were bled after four doses and the antibodies anti-DEN were
25 evaluated by ELISA. High antibody titers against DEN-4 were obtained while, no reactivity
was obtained against the rest of the serotypes (table 52 and table 55). In addition, the HI
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bn:'\
_[
I
D T

, S)Y"10% & =EES A-HETOSIT OO IOV R() - { @-10% & ()-{ @-10%W & ()-{
@1-10%&'()-?‘°5¢m& @ZJCE%@ @;10%&'()-{ @-10% & ()-{

1 1. 320 <1.5

2 1: 320 <1:5

3 1: 640 <1:5

4 1:40 <1:5

5 <1/5 <1:5

6 1: 320 <1.5

7 1. 640 <1:5

8 1: 640 <1.5

9 1:40 <1:5

10 1. 320 <15

10 *The HI titers were defined as the highest dilution capable of inhibiting the
hemagglutination of goose’s erythrocytes against 8 hemagglutination viral units.

Table 54. Viral neutralization assay with the sera of animals immunized with PID2.

15
Mouse | Neutralizing Neutralizing
titers anti- DEN- | titers anti-DEN-
4 PID2 4
PBS C(-)
1 >1; 1280 <1:5
2 >1: 1280 <1:5
3 >1: 1280 <15
4 >1: 1280 <1:5
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10% & ()- <1509 A—iééé’g’() ' ﬁﬂ!&%@() 2 BORR0ON iy o7
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1 Y"10%" 6& |() - QVAVBIWVN ()TO’\PQOA’?10" 6 fm 10%"P& ()-# # f
;T 109008 (=58 TII0OL PRI — <4/5 <1/5 >1/ 320
1f i 10%E" E&()-#10"10 RZRDSTI OO ~A?1I0, *10% & () -n v Tm 10 p& ()-#
N fm10%"b& ()-# 1 fm10% "' & ()-# N fm10%b& ()-#

N f ni' 10%" b& Mixtared@PUPUUNEHdallkthg @ NEUR@&IiZing | @ledttdXiging) -| Ne(@ralizing
sera* titers*** titers anti-DEN- | titers anti-DEN- titers anti-

anti-DEN-1 2 3 DEN-4

1(PI1D2) <1.5 <1:5 <1:.5 >1. 1280

2(PID2) <1.5 <1.5 <1:5 >1: 1280

15 * Each mixture was formed by three sera.
** The HI titers were defined as the highest dilution capable of inhibiting the
hemagglutination of goose's erythrocytes against 8 hemagglutination viral units.
** The neutralizing titers were defined as the highest dilution of serum having 50%
reduction of the number of viral plaques.

20

EXAMPLE 45. Obtaining of pID3
The nucleotide sequence that codifies for the amino acids from 286 to 426 of the
envelope protein from the DEN-4 virus (Sequence No0.46) was amplified with the
oligonucleotides identified in the list of sequences as Sequence No.19 and Sequence
25  No.20 from the DEN-4 viral strain (Zhao B., Mackow E.R., Buckler-White A.J., Markoff L.,
Chancock R.M., Lai C.-J., Makino Y. Cloning full-length Dengue type 4 viral DNA
sequences: Analysis of genes coding for structural proteins. Virology 1986. 155:77-88).
The vector was created by digestion of the pD4 plasmid with Bam Hi/Bam HI which
contains the nucleotide sequence that codifies for the MDH protein and for a sequence of
30 6 histidines without stop codon (Sequence No.29). This digestion permits the fusion of the
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10 EXAMPLE 46. Purificacién de la proteina PID3
The biomass obtained from the E. coli strain transformed with piD3 and grown at 37°C
was disrupted by French press. The recombinant protein was obtained in both forms:
soluble and insoluble. From the insoluble fraction, the protein was extracted using Urea 6
M, and the supernatant, containing the PID3 protein, was loaded onto a G-25 column to

15 eliminate the chaotropic agent. The fraction obtained was then loaded onto the Chelating-
Sepharose FF column (Pharmacia, UK), in the presence of Cu*™ ions. The colum was
washed with Imidazolee 45 mM and the protein was eluted with Imidazole 200 mM.
Finally, the pure fraction of the protein was loaded onto a G-25 column to obtain the
protein in the formulation buffer (PBS). This preparation was used for immunological

20  studies.
EXAMPLE 47. Antigenic characterization of PID3
The purified fraction of PID3 was characterized either by its recognition by different
polyclonal sera and/or murine monoclonal antibodies, as well as by positive human sera
to Dengue (table 56).

25  The highest recognitions in Dot blotting were obtained with the HMAF anti-DEN-4. The
recognition by HMAF against the other serotypes was lower than in the case of serotype
4. The antibodies generated by other flavivirus like the Yellow Fever virus and the Saint
Louis Encephalitis virus had not any recognition at all. Finally, the reactivity against three
human sera of high titers and three of low titers against DEN-4 was measured, achieving

30 asubstantial signal in both cases by Dot blotting and Western blotting.

Table 56. Reactivity of PID3 protein to monoclonal and polyclonal antibodies.
Abs**

Specificity*™* PID3

HMAF DEN-1 -
HMAF DEN-2 -
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109 & ()- 109 & ()- 10% & ()-\\\\\\\\hL, = 10% & ()- 10% & ()-'4 10% & ()-
1098 & ()- 109 & ()-'4 \\\\\\\\eGr= 109 & ()-'4 10% & ()- 10% & ()-
109 & ()-'4 109 & ()-\]] 111]1eE+= 10% & ()- 10% & ()- 109% & ()-
109 & ()-'4 - 109% & ()- 1094 & ()-111 1'1(1*11]hL, = 10% & ()- 10% & ()-
10% & ()- 10% & () ynid” & Qend 118191 . AIFI G 1]eGr= 10% & ()-'4 10% & ()-
10%&'8 109 & ()-'4 109% & ()-11N UV Y] ]g] eE+= 10% & ()- 10% & () -

HMAF DEN-4 +++
HMAF EEE -
HMAF YFV -
HMAF SLvV -
Mab 3H5  NT -

* A total of 10 ug of purified PID3 was applied. The intensity of the signal obtained was
evaluated from + to ++.
* HMAF were used 1:100 while the Mab 3H5 was used in dilution 1:1000.

5 ** EEE: Equine Encephalitis virus. YFV: Yellow Fever virus. SLV: Saint Louis
Encephalitis virus. NT: Neutralizing specific-serotype.

EXAMPLE 48. Characterization of the antibody response generated by PID3

10 A total of 25 Balb/c mice were i.p immunized with 20 ug of purified PAZ3 in Freund
adjuvant; 10 animals were bled after four doses and the antibodies anti-DEN were
evaluated by ELISA. High antibody titers against DEN-4 were obtained while, no reactivity
was obtained against the rest of the serotypes (table 57 and table 60). In addition, the HI
assay was done and only positive titers were found against DEN-4 (table 58 and table

15  60). Finally, the in vitro neutralization assay was done and neutralization titers of 1: 1280
against DEN-4 were obtained (table 59). No neutralization of the viral infection was found
against the rest of the serotypes (table 60).

Table 57. Antibody titers against DEN-4 from the sera obtained upon immunization of
20  mice with PID3.

Titers anti-DEN-4 | Titers anti-DEN-4

Mouse (PID3) PBSControl (-)
1 >1: 128 000 <1:100
2 >1: 128 000 <1:100
3 >1:128 000 <1:100
4 1: 64 000 <1:100
5 1: 64 000 <1:100
6 >1:128 000 <1:100
7 1: 128 000 <1:.100
8 >1:128 000 <1:100
9 1: 128 000 <1:100
10 >1:128 000 <1:100
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010 O sk B WA P R 2270 0

'4610% & () t Mowsk(Titars By HI* 840 Btefy by HI aniti- | eGr=610% & ()-"
"4610% & ()" 610% & 610% & N-4 4610w & () -~
_ & " ) | _4 eE+=610% |P§5- 6109% & ©109%]& ()-~ 610% & ()-~
"4-610% & ()-"™ 6109% &1:)s40 <1:.5

2 1: 320 <1:5

3 >1: 640 <1:5

4 >1: 640 <1:.5

5 <1:5 <1:5

6 >1: 640 <1:5

7 1: 320 <1:5

8 >1. 640 <1:5

9 1. 320 <1:.5

10 >1: 640 <15

*The HI titers were defined as the highest dilution capable of inhibiting the
hemagglutination of goose's erythrocytes against 8 hemagglutination viral units.

Table 59. Viral neutralization assay with the sera of animals immunized with PID3.

Mouse | Neutralizing Neutralizing
titers* titers anti-DEN-
anti- DEN-4 4

PiD3 PBS C(-)

1 >1: 1280 <1:.5

2 >1: 1280 <1:5

3 >1: 1280 <1:.5

4 >1: 1280 <1.5

5 >1: 1280 <1:5

6 >1: 1280 <1:5

7 >1: 1280 <1:5

8 1: 640 <1:.5

9 >1: 1280 <1:.5

10 >1: 1280 <1:5

10 * The neutralizing titers were defined as the highest dilution of serum having 50%
reduction of the number of viral plaques.

Table 60. Cross-reactivity assay against all the viral serotypes by ELISA, HI and viral
15  neutralization with the sera of animals immunized with PID3.

Mixture of sera|ELISA (anti- | ELISA (anti | ELISA (anti- | ELISA (anti-
* DEN-1) DEN-2) DEN-3) DEN- 4)

1(PID3) <1/100 <1/100 <1100 >1:128 000
2(PID3) <1/100 <1100 <1/100 1: 128 000

Mixture of sera | HI**anti-DEN-1 | Hl anti-DEN-2 | HI anti-DEN-3 Hi anti-DEN-4

*

PID3 <1/5 <1/5 <1/5 >1/ 320
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01l " 10908 D@RN-éf (Zhpo (/aviaskow E.K.yBagkige VYhite &.J )Ma%@ﬂ/@ cey
I Snuecneii o lindinis St
10% & ()- 16981%9 ?‘3’ Str‘i‘tﬁ‘é/"“'@?‘?ms @f@%?%ﬂe’ 1%]*’ 719?{ ~ 10% & () - uuuﬂuuuuhLS4
10%: & ()- . lﬂ%&e(;t)'w \INé)e{ createddy. digestiohOdsa&x kg F of 1RSI plasnidd, whish sontainsthG+4
10% & () - O{MDI-ll(agP\ég‘plﬁg a sequence of 6 histidines in the 3’ region of the gene and the sequence

of the E fragment from DEN-2 in the 3' end. As result, two regions of the E protein from

20 serotypes 2 and 4 were obtained, fused to the same MDH gene. Upon ligation, the
potential recombinants were analyzed by restriction enzyme digestion and positive clones
were sequenced to check up the junctions. Competent cells MM294 were transformed
with the selected clone, called pD4D2 (Fig.13 and Sequence No.53). Upon growing the
colony in LB medium, a SDS-PAGE of the cellular lysate was done. As a result a 110 kDa

25  band was obtained, which accounted for 20% of the total cellular proteins. The size of the
protein obtained corresponded to the sum of the MDH protein and the two fragments of
the DENe protein from Dengue virus. This protein was recognized by polyclonal
antibodies anti-DEN-2 and anti-DEN-4 contained in the HMAF. This protein was
denominated PD4D2 (Sequence No.54).

30
EXAMPLE 50. Purification of the PD4D2 protein
The biomass obtained from the E. coli strain transformed with pD4D2 and grown at 37°C
was disrupted by French press. The recombinant protein was obtained either soluble or
insoluble. From the pellet the protein was extracted with urea 6 M and the supernatant,

35  containing the PD4D2 protein, was loaded onto a G-25 column to eliminate the chaotropic
agent. The fraction obtained was then loaded onto the Chelating-sepharose FF column
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The purified fraction of PD4D2 was characterized either by its recognition by different
polyclonal sera and/or murine monoclonal antibodies, as well as by positive human sera
to Dengue (table 61).
The highest recognitions in Dot blotting were obtained with the HMAF anti-DEN-2 and
10  anti-DEN-4. The recognition of the two other serotypes was less than for the case of
serotypes 2 and 4. The antibodies generated by other flavivirus like the Yellow Fever
virus and the Saint Louis Encephalitis virus had not any recognition at all. On the other
hand, the Mab 3H5 had reactivity indeed, similar to that obtained for PLL2andPLL3.
Finally, the reactivity against human sera of high and low titers against DEN-2 and DEN-4
15 was measured, achieving a substantial signal for both cases by Western blotting and Dot
blotting.

Table 61. Reactivity of PD4D2 protein against monoclonal and polyclonal antibodies.

Abs**
Specificity*™* PD4D2
HMAF DEN-1 -
HMAF
DEN-2 +++
HMAF
DEN-3 -
HMAF
DEN-4 +++
HMAF
EEE -
HMAF
YFV -
HMAF
SLV -
Mab 3H5 NT

* A total of 10 pg of purified PD4D2 was applied. The intensity of the signal obtained was
20  evaluated from + to ++.

** HMAF were used 1:100 while the Mab 3H5 was used in dilution 1:1000.

“+ EEE: Equine Encephalitis virus. YFV: Yellow Fever virus. SLV: Saint Louis

Encephalitis virus. NT: Neutralizing specific-serotype.
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(109% & () - h h0 't. Rvdrd O ﬁi thé N )' d0gf 'rﬁk%i]ﬁrﬁ the
" 9(10% & () a@,ﬁh {kgggj Fo%azr (00
' 9(10% &'()h SR °§%§£§?’;{’-& "B T0%s & hﬁ?ﬂlﬂﬁrgﬁﬁs,

FPWKZCj eE+7( 10% & () - (10%&' ()-h (10% & ()-h (10%&' ()-h '9-(10% & ()-h
(10% & (¥- h Thisews\iral (dWriZation assay WAFEE seya df an{alffmiinized Wit PD4DZ' () - h
(10% & ()-h ' 9eG+7(10% & ()-h ' 9(10% & ()-h (10% & ()-h (10% & ()-

'9(10% & () MbusdH+7( NeGtalizlng-titdi8%s &| () -NeutrbO2ihg titers h
(PD4D2) PBS C(-)
Anti-DEN-4 | Anti-DEN-2 | Anti-DEN-4 | Anti-DEN-2
1 >1: 1280 >1: 1280 <1.5 <1:5
2 >1:1280 >1: 1280 <1:5 <1:5
3 1: 1280 1: 1280 <1:5 <1:5
4 >1: 1280 >1: 1280 <1:5 <1:5
5 1: 640 1. 1280 <1:5 <1:5
6 >1: 1280 >1: 1280 <1:5 <1:.5
7 >1:1280 >1:1280 <1:.5 <1:5
8 1: 640 >1. 1280 <1.5 <1.5
9 >1: 1280 >1: 1280 <1:5 <1:5
10 >1:1280 >1: 1280 <1:5 <1:5

*The neutralizing titers were defined as the highest dilution of serum having 50%
reduction of the number of viral plagues.

10
Table 65. Cross-reactivity assay against all the viral serotypes by ELISA, HI and viral
neutralization with the sera of animals immunized with PD4D2.
Mixture of sera* | ELISA (anti- ELISA (anti ELISA (anti- ELISA (anti-
DEN-1) DEN-2) DEN-3) DEN- 4)
1(PD4D2) < 1/100 >1:128 000 <1/100 1: 64 000
2(PD4D2) <1/100 > 1:128 000 <1/100 > 1:128 000
15
Mixture of sera* | HI**anti-DEN-1 | Hl anti-DEN-2 | HI! anti-DEN-3 HI anti-DEN-4
PD4D2 <1:5 > 1. 320 <1:5 >1:320
Mixture of|Neutralizing titers | Neutralizing Neutralizing Neutralizing
sera* wranti-DEN-1 titers anti-DEN-2 | titers anti- | titers anti-
DEN-3 DEN-4
1(PD4D2) <1:5 >1: 1280 <1:.5 >1: 1280
2(PD4D2) <1.5 >1: 1280 <1:5 >1; 1280

* Each mixture was formed by three sera.

20 ** The HI titers were defined as the highest dilution capable of inhibiting the
hemagglutination of goose’s erythrocytes against 8 hemagglutination viral units.
*»* The neutralizing titers were defined as the highest dilution of serum having 50%
reduction of the number of viral plaques.
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Table 66. Percentage of survival in mice immunized with the protein variants assayed

upon challenge with the homologous lethal Dengue virus.

Immunogen | Percentage of
survival*
PBS 0
DEN-1 100
DEN-2 100
DEN-3 100
DEN-4 100
PLL1 86
PLL2 100
PLL3 100
PLH1 80
PLH2 100
PLH3 100
PAZ1 80
PAZ2 100
PAZ3 100
PID1 86
PID2 100
PID3 100
PD4D2 100 (DEN-4)
100 (DEN-2)

15
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10% & () - 10% % Chimek%usiebtide chains characterized by being the specific combination of
sequences corresponding to fragments of the E protein from Flavivirus, with
5 sequences corresponding to the codifying gene for the mutated MDH protein,
identified in the Sequences Listing as Sequence No.26, Sequence No.29 or with
the fragment of these identified as Sequence No.23, which codify for chimeric
proteins capable of inducing a immune response of neutralizing and protective
antibodies in the recipient, against the Flavivirus, when these proteins are present
10 in a pharmaceutical preparation.
2. Chimeric nucleotide chains according to claim 1, characterized by being the
specific combination of one or several sequences that codify for the amino acids
286 to 426 of the E protein from Dengue viruses with the nucleotide sequence of
the MDH protein, where these sequences are inserted and/or fused to the
15 sequences identified in the Sequences Listing as Sequence No0.26, Sequence
No.29 or Sequence No.23, which codify for chimeric proteins capable of inducing
a humoral immune response of neutralizing and protective antibodies in the
recipient, serotype-specific against each serotype of Dengue virus.
3. Chimeric nucleotide chains according to claims 1 and 2, characterized by being
20 formed by the codifying sequences for the amino acids 286 to 426 of the E protein
from each serotype 1, 2, 3 and 4 of Dengue virus, fused to the 3' end region that
codifies for the first 45 amino acids of the MDH protein, identified as Sequence
No.23.
4, Chimeric nucleotide chains according to claims 1 and 2, characterized by being
25 formed by the codifying sequences for the amino acids 286 to 426 of the E protein
from each serotype 1, 2, 3 and 4 of Dengue virus, inserted in the region that
codifies for the amino acid 45 of the MDH protein, identified as Sequence No.26.
5. Chimeric nucleotide chains according to claims 1 and 2, characterized by being
formed by the codifying sequences for the amino acids 286 to 426 of the E protein
30 from each serotype 1, 2, 3 and 4 of Dengue virus, fused to the 3’ end region that
codifies for the MDH protein, identified as Sequence No.29.
6. Chimeric nucleotide chains according to claims 1 and 2, characterized by being
the combination of the nucleotide sequences that codify for the amino acids 286 to
426 of the E protein from two different serotypes of Dengue virus, with the
35 sequence of the MDH, where one of the sequences corresponding to the E
protein is inserted in the region that codifies for the amino acid 45 of the MDH
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recipient specmc agamst the Dengue-2 virus, when PLL2 is present in a
pharmaceutical preparation.

13. Chimeric nucleotide chains according to claims 1, 2 and 5 identified essentially as
Sequence No0.30, characterised by being the combination of the sequences
identified in the Sequences Listing as Sequence No0.22 and Sequence No.29,

35 which codifies for the chimeric protein PLL3.

14. Chimeric protein PLL3, according to claims 1, 2 and 7 characterized by having

essentially the amino acid sequence identified in the Sequences Listing as
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pharmaceutical preparation.

15 17. Chimeric nucleotide chains according to claims 1, 2 and 4 identified essentially as
Sequence No.35, characterised by being the combination of the sequences
identified in the Sequences Listing as Sequence No.26 and Sequence No.32,
which codifies for the chimeric protein PLH2.

18. Chimeric protein PLH2, according to claims 1, 2 and 7 characterized by having

20 essentially the amino acid sequence identified in the Sequences Listing as
Sequence No.36, be the expression product of the Sequence No.35 and being
capable of inducing a humoral response, neutralizing and protective in the
recipient specific against the Dengue-1 virus, when PLH2 is present in a
pharmaceutical preparation.

25 19. Chimeric nucleotide chains according to claims 1, 2 and 5 identified essentially as
Sequence No0.37, characterised by being the combination of the sequences
identified in the Sequences Listing as Sequence No0.29 and Sequence No.32,
which codifies for the chimeric protein PLH3.

20. Chimeric protein PLH3, according to claims 1, 2 and 7 characterized by having

30 essentially the amino acid sequence identified in the Sequences Listing as
Sequence No.38, be the expression product of the Sequence No.37 and being
capable of inducing a humoral response, neutralizing and protective in the
recipient specific against the Dengue-1 virus, when PLH3 is present in a
pharmaceutical preparation.

35 21. Chimeric nucleotide chains according to claims 1, 2 and 3 identified essentially as
Sequence No.40, characterised by being the combination of the sequences
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which codifies for the chimeric protein PAZ2.
24. Chimeric protein PAZ2, according to claims 1, 2 and 7 characterized by having
essentially the amino acid sequence identified in the Sequences Listing as
15 Sequence No.43, be the expression product of the Sequence No.42 and being
capable of inducing a humoral response, neutralizing and protective in the
recipient specific against the Dengue-3 virus, when PAZ2 is present in a
pharmaceutical preparation.
25. Chimeric nucleotide chains according to claims 1, 2 and 5 identified essentially as
20 Sequence No.44, characterised by being the combination of the sequences
identified in the Sequences Listing as Sequence No0.29 and Sequence No.39,
which codifies for the chimeric protein PAZ3.
26. Chimeric protein PAZ3, according to claims 1, 2 and 7 characterized by having
essentially the amino acid sequence identified in the Sequences Listing as
25 Sequence No.45, be the expression product of the Sequence No.44 and being
capable of inducing a humoral response, neutralizing and protective in the
recipient specific against the Dengue-3 virus when, PAZ3 is present in a
pharmaceutical preparation.
27. Chimeric nucleotide chains according to claims 1, 2 and 3 identified essentially as
30 Sequence No.47, characterised by being the combination of the sequences
identified in the Sequences Listing as Sequence No.23 and Sequence No.46,
which codifies for the chimeric protein PID1.
28. Chimeric protein PID1, according to claims 1, 2 and 7 characterized by having
essentially the amino acid sequence identified in the Sequences Listing as
35 Sequence No.48, be the expression product of the Sequence No.47 and being
capable of inducing a humoral response, neutralizing and protective in the

61



10

15

20

25

30

29.

30.

31.

32.

33.

34,

35.

recipient specific against the Dengue-4 virus, when PID1 is present in a
pharmaceutical preparation.

Chimeric nucleotide chains according to claims 1, 2 and 4 identified essentially as
Sequence No.49, characterised by being the combination of the sequences
identified in the Sequences Listing as Sequence No0.26 and Sequence No.46,
which codifies for the chimeric protein PID2.

Chimeric protein PID2, according to claims 1, 2 and 7 characterized by having
essentially the amino acid sequence identified in the Sequences Listing as
Sequence No.50 be the expression product of the Sequence No.49 and being
capable of inducing a humoral response, neutralizing and protective in the
recipient specific against the Dengue-4 virus, when PID2 is present in a
pharmaceutical preparation.

Chimeric nucleotide chains according to claims 1, 2 and 5 identified essentially as
Sequence No.51, characterised by being the combination of the sequences
identified in the Sequences Listing as Sequence No0.29 and Sequence No.46,
which codifies for the chimeric protein PID3.

Chimeric protein PID3, according to claims 1, 2 and 7 characterized by having
essentially the amino acid sequence identified in the Sequences Listing as
Sequence No.52 be the expression product of the Sequence No.51 and being
capable of inducing a humoral response, neutralizing and protective in the
recipient specific against the Dengue-4 virus, when PID3 is present in a
pharmaceutical preparation.

A pharmaceutical preparation capable of inducing in the recipient a protective
immune response, specific against the Dengue virus, according to claim 1,
characterized by having two or more of the chimeric proteins described in claims
1,2,7,8,10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30 and 32, and a pharmacological
vehicle.

A pharmaceutical preparation according to claim 33, characterized by being a
preventive or therapeutic agent against the Dengue viruses, for oral,
intramuscular, subcutaneous, mucosal or intravenous use.

A diagnostic mean characterized by having one or several of the proteins
described in claims 1, 2, 7, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30 and 32,
useful for the diagnosis and serotyping of the Dengue virus.
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