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WD 2006/ 037038 PCT/ US2005/ 034798 OPTI M ZED VACCI NES

TO PROVI DE PROTECTI ON AGAI NST EBOLA AND OTHER VI RUSES
Rel at ed Applications 5 This application clains benefit
wo 206/0PT06%/i si onal Application No. 60/ 613, 883 *d1/e%k005/034798

Sept enber 27, 2004, US Provi sional |ication No.
QBIEVIZED Y A CCIRERIED BROVIUEPROSEGHIAN 4 GAENST EBOLA AND

Application No. 60/679 &% i ?I%y 10, 2005, USs
Provi si onal Applicati o(n) I&"ég ,694 filed July 22,
2005, and US Provisional Application No. 60/715,874

filed Septenber 9, 20RéatedApplidatiphd ch are her eby

i nc orat.ed. by .r.ef erence i heir entireties. 1

R L L e R S A R
SRRAHCALY Y2000, UBMabvivisaAi Afticaih NOTS0ps Tradobi fI8d 84303, bO0s, US

tilovirus vaccines and nethods of eliciting an immune

PrpvisigpH sariigations No o649/ 7147 filed dWlayy 10,3098 a58 Reavisiedalbdpplication
. i ) . - ‘ of Loy )
NG BB 699 6, g o o e S BRI Bt D374 fited
Seplcibei 9,i 2088, allidfeviichnart ercby indbrpotid byitferchv®ingBéLémiretics.
currently designated as _ "Ebola-like viruses" and
"Mar bur g-1i ke vi rused®ld VEHEO our subt ypes
Wi T ing phdignt 5P IrbliRs LA BB St vidR VA& lafifoh
Sudan, pgli_’esl%on, ang rCot Se\éd' I%%?tpgl%?\%%&%%%%r?&%&d aly, to
filgvirng| weeipgseandviaetbady of Bhiciting amlimsung respbmse against a flovirus or a
. MAr 3l viruses. ". 20 The gl ycoprotein (GP) is
diste%% cgg{egbgfﬁ%ﬁoﬁrwﬁ‘%%%% n making up the virion
surface spikes thaBadkethuall of tHellokengodry into
suscepti bl e host cells through receptor binding. GPis
t he Bipét Vigsaadetlagig Hiuy maésvi@ugwp‘gmlﬁifﬁ&wrm@- oRhg family is
dné%htrd fggécgﬂﬂd;‘gal{e%frbﬁﬁeﬁt H&#ééﬁtﬁgara;% éﬁfbaﬁ‘-:ilkep‘ﬂmgsg’ A Marburg-like

IS a pri t or vaccin

- virdges 8| dieenare fResebiyphks ovithirf tHeoXEbolesliePvinass, P daite (type species),

facilitate r h.'t he use of reconpinan )
SudE b Bogrd S AP R0 GRatn AL SRE R od YAEDIS Yius, makes up
meam@y@gmﬂ{%mugesp=he constraints of working with the
infectious filovirus. GP expression in cultured hunman

enddbn &lyceprotgind (@) isHbe selp stréties! proteiegnakilg up theuvidomgurface

B Y LA A T T e

thenaost ildiiddeofsthe i TieviarRQrbtaine Ofdtehly ForCiks Ghgibiaticeofr ¥&is entry and
The 30 %yt 8t oxi c effects of GP on macrophage and
Pathogsassie PP Pecarsq itf igng Prigle Hrast Jpx Vﬁqﬁneaﬁ%fqprrgﬁnt-céiqsearch on
. e . _
TGP b 3 B fay ol bt Toy bEEHREM TN Boontdlomy o permit
bicglting eil and gumtiehal sassayd withouhther@astepitt iof worltihg ewithelhe infectious
£l Ebola virus may 1 WO 2006/ 037038 PCT/ US2005/ 034798
°Yt8%upt processes critical to imune activation and
Cyt @b Ydipfesdivh Gh! cdltRéd hifan THRASReliANSROBERRLEI KOl causes cell
account "for the dysregul ation of the inflanmtory
roupdisg oné adletpnbimente(Yang J6tl.aet aly20Undi dfed h83@83%Dy | Elidse effects
of  Lethal Ebol.a virus .i..nfection rov.i di n ratio e
realey, 1% iftrorn o eV i e (oSG -0 feipin, 8 BF° The
cytotagic isfBets of BRraTRmNcrefhapd and BN&ThdI@N celNBinbilyteMbhpNinbi8mmatory
related to a_nuc|eic acid nolecule conprising

cell fgpsfioncind dhe idegritn eb Berigsenlatawi flnaddition.ow altﬁ;t;in; the cell surface
o ARSI Ulol TGl Bobafls; IR By virs may

said GP that decreases in vitro cytotoxicity and
retains i nmunogeni city when_conpared to in vitro
cytotoxicity and i nmunogenicity of a 10 wild type
filovirus GP. In one enbodi nent, the am no acid change
IS positioned in the N-term nal donain,
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excl udi ng the conserved cysteine residues, and is

| ocated at am no acid position 50, 51, 52, 53, 54,

55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,

w9, 206237069, 71, 72, 73, 74, 75, 76, 77, 78, FOr/uBH05/034798
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,

94, 95, 96, 97, 98, 99, 100, 15 101, 102, 103, 104,

105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,

disté@pt pirodesses 1@1ticall 1@ impAGe dcivation2 and teWlyticsWcelll Fogction. These

26, 12 2 131, ,132 33, 4134, 135, 136,
%gﬂf)’meil%éik 1%13%00&[% forl dy%&%ﬂatlfi of %12 4]_"[’1ﬂ_u Hvate Jf%r ééspijasf and the
vadiBlar &dPunclioR chakhcteristid f 13 Ebdfadirus kﬁ&uoi@ﬁ‘ov{ﬂﬁg a tationale for
158, 159, 160, 161, 162, 163, 164, 165, 166, 167, 168,
fageing on GiP 2 parggtAor a preyentativeaaceli®s, 176, 177, 178,

179, 180, 181, 182, 4t SRent@pP, 187, 188, 189,
190, 20 191, 192, 19 A 197, 198, 199,

200 TRO inveﬁﬁkm 152&&,{&2&;4&1 11216]51,0 Qﬁlﬁmo%ﬁle &rising08 polynucleotide
14, 215,

gﬂ@odéi}é ﬁlé‘:élxgus Zgopr (Cﬁ%g’y %%Zaé lezaéggng é%@m ac?d change
lc?eﬁékd ugggela@%%l comdéed onaﬁ’@aldzéﬁ tha€ débread@in 44 :cye%ﬂﬁcmlty and
242, 243, 244, 245, 246, 247, 248, 249, 250, 25
re@ps immBnogesitity FEEN coBPared iy i PIBY, cyRBOXicipEand mun%mcﬁy of a
W%@iﬂmég4ﬁﬂégg’ 266, 267, 268, 269, 270, 271, 272, 273,
, g , 277, 278, 279, 280, 25 281, 282, 283,
284 28, endd0ime28 the 2o adfibchaR@is pg&ifionedda tthH?tem_ﬁﬁﬂ domain,

6, 297, .298,. 299 or 300 .in Ebola Zaire
u@e&lﬁwawr‘ﬁ%ﬁﬁ%e% Fesiyes @ad ripsatyy atpmying gid Howmo 51, 52,

5§t§43593560§733%' g?% 6l %ﬁ%@tél%sed@gﬁ“cf?eé 7d he ﬁm'/@% 75, 76,

aci d chanhge 1$ T'ocated at amno acid position 71
TLOE, V% SEb&l B2783,186, &R 86N8'H1IBB L35 AR Hi 92 3nBeros, 9o, 97 98 99, 100,

186 57 G ROL AbErids: Ty afenthet R TelRn BT ald Bt G oo, s

11% 188 210125102 A 440 154 aba, 122?auzse 168, 130, am qagnpjz»am 135, 136,
nanner or correspondi ng t hereto in ot her strains of

135i148.G89, popdr ) b8% 034, PeTl452605/183499d SPnl s 152, 153, 154,

f
SRAShere ISR, (GRS R R S48 8 I p 17
TBEQ74,0 7801 Bs, 1BEQ7BDI MO140, BEQIZD 1RE) 164, BEEQ1RE) NO, 788,d89, 190,

19hdobilsh 1 g8 SETUF G, B0 AT b 208, 2037506, or, 208,

200hysuah eofd des enaodifa g ha e, biedobi t:ﬂv '229922@2245 225, 226,
hds & seguence taken fromthe insert of SEQ |

25EQ28,020C3 3, 2BEQ3L2NOZ34, 236236 BNA34, 240, [24I‘1IGZ€?,, 243, 244,

2% 28 Ylor s, a8 DA s, i B B b et 20,261, 262,

263n?,smt216§n2@ e67, ezlﬁat@sb ©eo,oyd] $722d74, IQI’]EIVZ’ISJQ755|:3§77 278 279, 280,
encoded the nuclelc aC|d nDIecuIes

28Rt 28P 4s RS, 7361 #7288 289n8102201.e92, 25_%@ 2%&%‘02%@97 298,

29@ SHF0Sin THEY Z&i}en@Pt 1H%nrlﬂ&% 1@&6 ﬁ)‘a‘fnger '59' gﬁ%ggﬁlg%{lﬁ &ereto mn other

adenoviruses conprising t el c acl

stpharofssié GPL cal conpositions conprising the nucleic
ecul.es. or the npdif] filovirus GPs

- aci
t he?’ﬁﬁéﬂfh?fceé'iﬂ? inggnitlOp e ¢ a{}%"c’é\iﬁ‘@tedc%ﬁﬁ’é%q #4idResition 71

orcm B85 FalrD PG SIxEm gﬁbdinﬁiﬁle? Spécﬁ‘ﬁeséﬁndﬂéefh%@ ihioBfr strains

lovirus GPs in a prophylactically effectlve dose,

fﬁawﬂﬂﬁbdles that are specifically reactive with the
nodifie filowviru and .r.el at ed. 0 f .
ki Thg e AR TR PRSPl et B s A BF cljea in ool

Z ¥RV S eRbi@pIasy thanty oS oAding @Wét&@@tﬁ&asn%s b8kl GP.
(Gto A)/h) construct map (see human codon-optin zed
Ebol a/ Marburg plasm ds in Table 2). B) -Nucl eoti de
sequence of VRC6612 (SEQ t NO 1). 20 Figure 2. A
VRC6615 (pCW/ R-Ebola GP (2Z2) (full length Gto A)/h)
construct map (see human codon-optim zed
Ebol a/ Marburg plasm ds in Table 2). B) Nucl eotide
sequence of VRC6615 (SEQ ID NO 2).
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Figure 3. A) VRC6613 (pCW/ R-Ebola G° (S/G (E to

D)/ h) construct map (see human codon-optim zed

Ebol a/ Marburg plasm ds in Table 2). B) Nucl eotide
woquerewsdf 25 VRC6613 (SEQ I D NO 3). Fi gur BCHUSAYPS/034798
VRC6616 (pCW/ R-Ebola GP (2Z) (full length E to D)/h)
construct map (see hunman codon-optim zed

Ebol a/ Marburg plasm ds in Table ZL} B) Nucl eoti de

sequerstil appthenruisstimentSthe meslifi fipyiruFGaus @ngndes&)by the insert of

SO N fE I N A RER AP 00, SRR SR W PR Requo o7

or! SE({%@N@ 8 or s@eﬂé@a@ﬁ@bﬂ&aﬁ@ﬁ%ﬂﬁ&ﬁtﬁfheﬁﬂ%?12 ( SEQ
Figure 6. A VRC6713 (pCWI/ R, Mar bur %mATi ol a

GP (M@Qa\m?r apheditpent: thegplypuce dﬁ ing the rri Hovirus GP
he§ A4RAAPS %&ﬁ%ﬁ@gﬁ%&@@%@gﬁgggﬁg NN azg)s@cﬁn N®:3, SEQ

de seque
TPN064, GETOEBNPG] /SEEPIDBICOB 42 SEQ P HOx:& of seghipnce having at least 95%
., PAdApt . Ebo GP. FL. (2). E71D (adenoviral adaptor
Idg‘llt%i}é ' %hol a/ Zai re GP (full length E71D)1h). B)

Nucl @ty debBaMRN LR inRNE AP breEoRIE 0 Mhodifdd HibdPud 8BQencoded

ID NGO 7). Upper case is the coding sequence
byEB®. BRId a¢id) mplpaudes, tiiesntid AN AS cgmprisiop ol nuplsic gcid pnolecules,

regc}’lt%lﬂa%lé{zg r%fg?lge%bc(rge smgttﬁé) gxéc:l%zl B I%éﬁ@ﬁ@% raggrg)qurkggs comprising the
nuRRiARcidERRol&ilds]. . (habEcebilddD (:@ﬂpm;ﬁjms abo mgkigOrthe nucleic acid

pl asm d- Ebol a/ %an/ cQul ull (full length 1D)/ h
mg)wrlsﬁc PEdRG RO é“ﬁ‘u Kygug o spAaApfh%su JtLefE @% | [yaccine
co&@%@&@%’:ﬁ%g Mggﬁ{cle?%‘ﬁ&d'Iﬁolkaﬁesc&d{h@gn&ﬁﬂé@ ﬁf(ﬁqrus GPs in a

boxed region shows the E71D
prupltsdﬂcﬂcailyaifftcm%dkrseﬁmtﬂmdss tleit apegpedficdly wsadtvefwith the modified

g'gﬁ@',@?, ‘f‘@%? “I‘g% |“5‘%‘g|ﬂ|}: ILi’g‘l‘J’rE; 9The GP1

and GP2 subunits qfnefgas@{pﬁoﬁlbﬁmm@w Beal e (reS| due

nunbers are indi cated bel ow t he- di a&r@
posﬂ“clgvéﬁé A VB{e6613 i (v BAHhalen@R (S Fovéafhltﬂj’@%s@!lfﬁénap (seo

ke B9 B Mab1eotid £
nﬁ?ycog% atl Ogﬁgé bﬁﬁﬂdgq?rl P eaggge STt Seduence ©
mﬁﬁlﬂ@@@mb@ﬂ) de, the coiled-coil domain, and t he

e ane,s
El Fﬁ%ﬁ ?dﬁa{gﬁb@sgﬁ%ﬁ%l eﬁ?}?g@a@ﬁﬁ ré‘étgxpr éklsc?%g%?m oap
(sde'RBBARsdvhaNEmizde Ebbletabat elasmidd)in Exipe 2 B)Mucddotide sequence of
ATN%EI n 293 cells. Ebola GP proteins from
PEFRAMR 8O Zhd cel | | ysates in (A were visualized
Y Fhere BAGRK \ﬁ(@%‘i’?i{)@mwﬂlmblau@l’ ns/a® (EOiOYD}/EP@énstmct map (see
0

ant| body agai nst Eb El i mi nation of

human regilergontipnized( Boniy Marbyee e@ﬁm@s e rTeblet D a nB¥ 8@?1@@1% jeguence of

viggimapgapegng vector control Ebola & or ol

. phaﬁgtmwmtA)a‘éRCG@Gr(gCMWR@ola@R (Oujfidclength EaﬂocD)/h) constmct map
oto hed at OMES tr t 1.0
R ae R erir et S S eB R BT POy blyucnce of
VROa18$¢EdN®: 4¥i rus chal | enge. A) Kapl an- Mei er
survival _curve of nmacagques, | i zed i ndi cat ed,
and Figep| ShyBEORT MOMBR- MUy ARG GO0 PORSTpalgnap (seo human
coZéH b RinS I DHREIMABEr o PR dPRSEabl YU rB)ZmIcle@ﬁde é’e’éuéﬂ&e of VRC6712

aX| s 1 ndicates vveeks post - chal I'enge. n=3
(SBQﬂDéstrﬁb i mruni zati on groups except for the GP(Z) +NP

o ORREE B ACE A TB VIR N byrg Alp B (CTORAY cgutruct map e

hupan eﬂo&dn—dapﬁhﬁ&d@ﬁoﬂfl/]ﬁarbﬁli‘g)wa&yﬁo prieTable\lds BeNhdeotizg seguence of
\q%%gﬁgi@%%ﬁ£E?.ggproductlon from Ebol a- speci fic CD4+ or
§ X8k respectively, from animals _
i mmuni zed as indicated. |mune responses were neasured
at 3 weeks post-imunization. 30 Circle, dianond,

square, triangle: responses for individual aninmals.
Hori zontal |ine: average of individual responses in

ey




10

15

20

25

30

subtracted fromeach sanple. Right panel: ELISA titers

of Ebola GP-specific antibodies in 4 W 2006/ 037038

PCT/ US2005/ 034798 serum of vacci nated ani mal s

wol hemisads at week 3 post-inmuni zation. ELI SA penu$i85/034798
represent endpoint dilution titers determ ned by

optical density as described in Exanple 1. Figure 12.

Det erm nati on of | owest vacci ne dose for inmmune

pr ot Eigtwieoh ApabAspt.FEedHAFL.(8)ET$D clhddnbeira exdipytor plasmid-Ebola/Zaire

st _ b _
BRI bR B BT Lol waler B PR b U B R (o

N@e7).0Uppd cudetifihe edif® Soudri Bbo mmEEﬁmlt& Daxed Segﬂfh shows the

B e

qluapfigﬁbé TéF- a) ppmmtﬂbe mﬁm@v@m@ S%Sﬂofvirﬁi Giptor  plasmid-
e

panel (right anel hocyt es,
Ebagihaal), T oflini sFs (A bed ) | Rufleaided, sequence  of
pA o BSPROBERE7 I r(QEﬁ?EEﬁ Wepdgat FHpweeks is the codm  Sequence

ost - i mruni zat i on. di anond, square r espons
EpoBPFE.(FDE7IBuslic bevcfarsion bews dhn BT 1D | metatiaay emdag@umhon site

sd ﬂéﬂc}%& ko Eﬁﬁﬁg 0% Jﬁdhﬁ&er{ﬂ@&“”' zation group.

esults represe the percent cytokine positive in the
gat ebigig % ﬁdwtaac gposentaivd of kEhellngmmsJ o8, Sthie fiH1cdnil @¥P2 subunits of
%’ € v%'ll %nsggls Fl%ssldul?eenu Cﬂagrﬁ gureL T ca ?de}if’]eﬁ%{rﬁla gc n S nq‘kxgg?sitions of the
sipnal Sequand&pbor&elgéd Eyseiat esiddes (@;tthdomdg&nﬂﬁs ﬁégikiﬁ@eglﬁh of O-linked

n|z Ant | - LI.SA titer panel )
Sl B QR TSR o BRI DA SR Gsckookl gigpin, and the
mB@abahg spaBiify ARG5S thaatedescri bed in Exanple 1. Figure
13. Conparative effic of wild type and point nutant ’
gl ycEgretld; nElyaipationet G%gaqoa%hw |8 Ha padpeIression of gransmembrane-

e. |
S LML OIS S B R
aﬂﬂi@@ﬂ Izates én bW &visBhlizied bVISEQSS PAGEH md:Wgstem]blcﬂ usiBg a polycional

pan é’ln‘rgga]rnsﬁﬁ? E\% ??’r uﬁaﬂm gf egt x,é@(ﬂﬁ@ﬁ g?%e?f%s were

trdnBfefle@ mlthf ¥ plddnic cito@p Glet10h chitR) Eh &S BEBholh GIREM). Cell
or CD8 nphocyt es, resgect ively, from animals
DORHAYRES 7 @fareaéﬂsrlﬂarﬂ% Ai0der. PhaRLARIMRES BYRS ek Nilete 40X objective and

pHARASHAEIht 2 hrd Bk BariRRSfior, MMUNi zation. Crcle,
di anobnd, square: responses for individual animals.

Hor iEipue db. |Gonparative rﬁgecyotﬁf GPhand iGJ’(raTM} é:rgmots@mni against Ebola

i gn oup. ults resent t he
vk BRI LT Ko MR BBt o RS gy S i, and
chblbemket with dO{]ICIH’HI bﬂ"ﬂﬁhom wﬂﬂl(IMra bibiE) ?&&n&ﬁl@ﬁost immunization.
niigeiet Lonesch sl o, ol panel . ELLSA LTSS o o

the/ BPET)PRP Qd0'aN kR, -4 0hdeechasblat=1epk I%mﬂﬁr%tresponsas in immunized

i muni zati on. ELI'SA results represent endpoi nt

| anailqlﬁjtlreé’frﬁntiulméélgp@@tSemﬁﬂw@alab@}O% BYIPBEy Wesmsroynedds quantify TNF-

fi + n
o GRREECR ok TR, paridh {15’ rophicrEh sl iy animals
imfgopized 88 ondicefed p dinnmunerdsporises Wmeaﬁ&suredl 3 wiebled posGimumization.
oteins,from nat ant s andc [, Jlysates in (A

cifis? BRPR o B LR B R i cnit R MRk ayeraee of
inddvitiyst | redpahses rih | the @ymuaigaionSgrolh O | ResEHs. re@eséﬂ@&ﬁd p¥lcnt cytokine

af, poi ‘% with a conformtion-depe
PogHYY 'aotg?/ gate 3@3@@%%& &nd packarpud %lanwloﬁ @I\@&ﬁ%@ has been

- sutitfa@elisdnl 6RA)sample mlEg%Bﬂ(aﬂﬁ BXIMACERESE MoladGh ¥ﬁe%zﬁc antibodies in

(GP(2)) or nutant proteins. Eighteen hours
post-transfection, cells were harvested, -5 WO
2006/ 037038 PCT/ US2005/ 03498 stained with a ,
GP-specific anti body and cell surface GP expression
was anal yzed by flow cytonetry. C Elimnation of
cell rounding by am no acid substitution at position
71. 293 cells were transfected with a plasmd
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Figure 15. Cellular imune responses generated in NHP

i mmuni zed with GP(Z) E71D/NP. Figure 16. Hunors]

i mmune responses generated in NHP i mmuni zed with GP(2)

WO 20060B0b°. Fi gure 17. Conparative efficacy afctaisg20os/034798
type GP vs. point nutant inmmunogens. Figure 18.

Eli mnation of GP cytopathic effects with single point
mutation. Elimnation of cell rounding by am no acid

smm of vaoginatod asimapomiledichat Fechd pRgEmnpoRatdel IE:,LIﬁérrmts represent

PR GEEOER S ey B a0 RO ATAR RO T

rrut aFigaed 2 /étkihinddAQF Aweti38MiRe duse donmnnatme @mt@dﬁom,iagmﬂmt Ebola

the_ trans ane. donain.is ATM
ViRGHORLEHEE B G 36T B AL B i oy of grscaaues
mﬂﬂhi@qen aftOoka gt HeteiRr oMb RN DY I BBIFRde 8ibtdk Hb@lzhﬁ&ms as in Fig,
ﬁ%st transfection. Cell rounding is elimnated wth

t aB) ofmmEne, gspenges i ippuniged amalsy ftraeslinks oy cypetty was
p@8hHEd AN uaﬁw%ﬁ: -& Drodab it ﬁcﬁzﬂ FDih-sPRH AL EBR (Ieﬁ FFRIPBACDS (right

fetent i on reactivity wt neutr | ZI Ng
pzant)llbnphoeﬂss, li@@ctttwvlm from fanjp@ilnimmurtizedt as mdlcahmh Imune responses

conf or mat,i N nde C
VERREFURcH Ty VAR PP Opog s G B, Wil pomponses fr
indlvidaal alEmeabs prEsiddont! tiné: thvy&mge Elﬁohthwdﬁl’ rééﬂin@)m diie immunization
nmut a t 71E/ D 10 GJA% sol i ﬁ%e )E
ERBRUr KePis rerrpghs s AR Siidne ad¥ivp B R pHled bpstoests Boup and
beézkabRRd stivhdlRich @EMSPE Slohd) Chab eibeh &hbtiacﬂ:@ A &eﬂwa@pﬁ (p-values
cell surface GP expression was anal zed by flow .
obtgingshusing unpised-SydanEs Spst ph st 7 nphsigw @ﬁt)an&)n @by responses in

inRAHRACHIkEQ AdNGP @QISA ﬁt@r V%fg %@@41)0 §1Z<p §§um neutrahzm antibody
PCT/ US2005/ 034798 M m (%

regponse®(idEht ppneh were measuqgd sdwmﬂ@dml Exapanlwl - N N t- m 0
o Vi j .
50 Y B bl o
agaﬁlst~®th¢1 ~EJJOL§L \(itus Oclﬁllﬁlge 0 é‘O ﬂaplaﬂl\/lﬂie\(O@ENVal»v@lrME ~® macaques:
N tElb lO .0 .
sza i0n 511 al%n& Wﬂeéaarf%}meg\)xﬂ‘fh € ]&95 l%age SubtypREbola it as in Fig.
110Q 0By inivhidMe Ceshlonsbd 1 imifaiized Mibnal7 aft lafid friddle panelg: i@trédeHular flow
N
cytometry was performed to quantify TNF-a production from Ebola-specific CD4 or CD8

Iymphocytes, respectively, from animals immunized as indicated. Inmune responses were
measured at 3 weeks post-immunization. Circle, diamond, square: responses for individual
animals. Horizontal line: average of individual responses in the immunization group. Results
represent the percent cytokine positive in the gated Iymphocyte group and background
stimulation (DMSO alone) has been subtracted from each sample. Right panel: ELISA titers of
Ebola GP-specific antibodies in serum of vaccinated animals collected at week 3 post-
immunization. ELISA results represent endpoint dilution titers determined by optical density
as described in Example 1.

Figure 14. Elimination of GP cytopathic effects with single point mutation.

A) Expression of point mutants in 293 cells. Ebola GP proteins from supernatants and cell

. lysates in (A) were visualized by SDS- PAGE and Western blot using a polyclonal antibody

against Ebola GP. B) Reactivity of point mutants with a conformation-dependent antibody.
293 cells were transfected with a control plasmid (Con), or plasmids expressing wild type

(GP(2)) or mutant (E71D(Z)) proteins. Highteen hours post-transfection, cells were harvested,
-5
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stamed ovitiya OPsspetific aniglepdy and <clDswifacg e <kwessionl was analyged by flow

I To SmberPrisses fande? il i st gopsign 71 203

c@llﬁr@ebansfecftédlﬁith h'plasMidrencoding vedtor cMnEobwﬂkiHﬁ&e?EWia glytoprotein

ﬁi'gm Zal{}a ((ﬂ’éb){ot" ﬁedaﬁl (gxhtgGi‘\(S/(%z oybthelr resgecglve %{7)1?1’6 muta}t]BBs &JﬂD(Z)),
WDDES/@))O QelD nohollydss WeWd VWsillized ubder phasdDcdnfrabirusin € Nikon 40X

obj ect;v:: a;cT I:hozographed at 24\{1\/0111‘3 %gst transfection.

Figure 15. Cellular immune responses generated in NHP immunized with GP(Z)
E71D/NP.

Figure 16. Humoral immune responses generated in NHP imimunized with GP(Z)
E71D/NP.

Figure 17. Comparative efficacy of wild type GP vs. point mutant immunogens.

Figure 18. Elimination of GP cytopathic effects with single point mutation.
Elimination of cell rounding by amino acid substitution at position 71 or 102, 293 cells were
transfected with a plasmid encoding vector control, wildtype Ebola Zaire glycoprotein, WT
GP, or point mutations 71E/D, 102G/A, 138V/A or a mutation in which the transmembrane
domain is deleted, ATM. Cell monolayers were visualized under phase contrast wsing a Nikon

40X objective and photographed at 24 hours post iransfection. Cell rounding is eliminated

- with mutation at residue 71 or 102, and with transmembrane delstion.

Figure 19. Single point mutation in GP and retention of reactivity with ncutralizing
antibodies. Reactivity of point mutants with a conformation-dependent antibody. 293 cells

were transfected with a control plasmid, dashed line, or plasmids expressing wildtype Ebola

- GP (WT GP) or mutant (7LE/D 102G/A), solid line, proteins. Eighteen hours post transfection,

cells were harvested, stained with a GP-specific neutralizing antibody and cell surface GP

expression was analyzed by flow cytometry.
~ Figure 20, Ebola Zaire GP amino acid sequence (SEQ ID NO: 9).
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the basis for
Definitions Unl ess defi ned otherw se,

identification of a vacci ne.

20

techni cal and

scientific terns used herein have the sanme neaning as

wormmnkyssinder st ood by one of ordinary skill partispeosos479s
art to which this invention

Si ngl eton P and Sai nsbury D.,

M crobi ol ogy and Mol ecul ar

bel ongs.

See, e.g.,

Di ctionary of

Bi ol ogy 3tt ed.,

J. Wley

& Sons, Chichester, New York, 2001, and Fields 25
lggy 4th ed., Knipe DDM and How ey P.M eds, °
incott Wlliams & WIlkins, Philadel phia 2001.
eilc|Acid Ml ecul ps| As|indj cated herein, nucleic
ol ecu] esglofl ot hEa[RF €$8Nb[cl NVen,i on may be in the
n of |[RNA orglin the form pf| DNA obtai ned by cl oni ng
r gduced erffnfi"ﬂlly Th 301 DNA-1 be
8 Ie-straqggg gr s| ngl eqstranded] Singl ¢-stranded
= o RNA ¢§¥%bt”thé“ébdiﬁj°§Trani? al so|known as the
£ elsfrand, Jr lit hmy be {coding|strand, also
a ried to| as |t he ahtlig seén nd. O 2006/ 037038
EPCTIUSZ)05/034'98U By [t sol icl %% aci d
molHcll ¢(s)|is iggﬁnd@egﬂa ni@l #ic aci-E ol ecul e, DNA
Eor ABNA, | whi ch 11a3 gbek genﬁ B om.i ative
gdengir onrent | FIR exang(lCe, Qi n% A\ ol ecul es
wcﬁ&mﬂin%@%o@ e|gonst der ¢4 i sol ated for the
purgjoses of EE%Q@ ei@gi I 'BVErt ion|GFER her exanpl es
of| Y| edicht ed a5 ol s|Bhelide (@cdubi hant DNA 5
Wigaiies mai rH pil#ed &l& hebesied doolig hast |cel I's or
FE8d (plar td|alky oF sub t@%%@@) %\A nol ecul es
St i on| é(ﬂ at edSERNA Dgaﬁtlﬂ‘_'_@;;di-—cgl uge in vivo or
A Vit RNAtr%@crg% f E%]Q"Q';;;ﬁ“ ul es of the
&priegent | i nvent ijans | te IedcEad iAol ecul es
=deenrRdvhg o tE&EﬁE ?1 gg% f'@gﬁer i ncl ude
£such o ecuﬂes i AdUCAY & %A Ty~ "Nt ei ¢ aci d
Jgtgcytes of the{presg® |n %n i ngkide DNA
=il ecyl es cjonpri $sng| |&0 an % raac@rm frame (ORF)
Sencading a rmdjﬁignd fﬂ?gv r Skructual gene product;
"and | DNA ) edlikeg WG cofpirs Se a%se efice
sybgt an i%l yﬁiﬂéereﬁﬁgf' mii-hese|desEri bed above
byt fwhieh,Sidue @\_}thé‘i@ga‘ﬁé@aﬂé&eoﬁtm genetic code,
st I|k[€hcode ENEARF (Bl |'gpelid ised|id i fus
st|r | -g'al’sjge@em od&t= ﬁj&hﬁse S@t@e genetic code
i § Wl E| krighwn:z| By Bhels & t | aDagbRer pte %r ant's
Hlegt '—gad%or BI|N %@n_ﬁség'éag%pr efred. 15 A
S| Enkel Bus it r t% al | R1éne gr &~ &.98 olycoprotein
17(C6E) & ehe Blol uc |2 & &1 m| e T;:p@up t he
Vi 8| ghgbuidlack | Sprke a gt Rig ¥s=entry into
s1IS4 eipd| bIg ho o g% SBcem @ obinding, is
@ H1 & g, <dia| lee@br] ajrkRall] ne BoBfl change t hat
%g 1 TTo cytfjotoki[cifty anf Fetai fs
- og nmpafjed fiep in@itro [gytotoxicity
and i mnm awld pe (®8.9., pAturally
J%occurrl 5P, RO T am®o aci :Jg of
glparticu to the (Sh vit%o cytagoxicity are
@by no m 0 the eibct ﬁésitiowgas defi ned
| [for the traj nf ofs Ebolfa viruggbut are
sinmply Ipl afy| rrehner| ¢o poijg out the
Jlelpreferr f7ei 119 =gl t hats posifgon or
&lcorresp si%iZld i n Fher stZains such
{”las foun N E%L)%%ola irus pt Angol a
strain s a gi ovi ra&es i [¥ general
since they are 25 highly conserved. For filoviruses

ot her than the Ebola Zaire strain the nunbering of the
positions of the preferred amino acids is often -

di fferent but an expert
bi ol ogy of filoviruses wil
preferred am no acids by their

inthe field of the
easily identify these

- po

nmol ecul ar

sition relative to
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30 described herein. By a fragnent of a nucleic acid

nol ecul e havi ng the nucl eoti de sequence of an ORF
encoding a nodified filovirus structural gene product

wo 200stogmeed fragnents at | east about 15 nt.,peEmdsa0uis4798
preferably at |east about 20 nt., still nore

preferably at |east about 30 nt., and even nore
preferably, at Ieast about 40 nt. in length. O

course, |arge 2Dt B

f r agpent 150 2Q0 2 300, 0, 400, 450,

or 5 ?b sk (i]f%%ﬁ Ve lperapies for %ﬁ?léﬁ’&@amfg giony therlgvelppment of a

vide [HeOGREH ald MMBsHnd @tr@tég;ﬂrcﬁ corltAf FRRrSakE O fmaﬁﬁ%’ioggwlth DNA.
to nost, if _not all, of the nucleotide sequence o

al%d’ﬂe’ rmwﬂ%%@ﬁi‘m’ge adersriral (sHdX veciovs emsredlsg mﬁdihuiaglygcqcmaem (GP)
St n_.l.en
ex anp Emt&@[ ﬁe{sg&%?p %eé’g" ‘rirlsel 8O Whi Tt ﬁoqf?{cﬁpﬁﬁgc 8°t8(|"tw§ immunity
mrrmnbummpmgaxem(eunmsm]r eralt T000 NG 408 $65-S0USNERnON. J. et al.
e(PF 6&3 a nodified filovirus structural gene
iﬂg é%%led Gu EttePRertagiapaticagiifenty on gmnsfeaed cells in vitro
(YRhESENE, e’t RV 8630 04 MBEE: 8'85638 Ghé| hﬁ]ltgaﬁé %ﬁ fBrIFI!lﬁe}falére §1 identified in

encodi ng epi t ope- bearing po tlons
namrp,tratsmgahe pvastien of which weuld be whtimal fout@hhuinkel icCindCiTd address

s RATRE Tty S RE Bt GO SRt ES pra elils Tola viru
stramfslﬁzﬂl/lréd&ﬁecﬁtrf Wk cRbpAhRlifiand MRSE& RS ?ﬂ%ﬁk@ eﬁﬁc‘ts in the

the N-term nal dommin, the nucin-Iike do
Priopaie challenssi medel.rwigh prwithent N pPelddoniofthi GP trimsmembrane domain

e 4 ane S and
erfhEfak) o e, AR DS SRR e IR it Srter o
magnitudeof ,Inf @nirestasiplle, poin IﬂllﬁMidhblSw@'EYﬁ@ﬁIﬂHde{Hﬁt aPSEhNG: vitro

Y‘%B uncgtlon at .the carboxy termnus to delete the
CYWRRRBICLY Bu ﬁ‘é‘ﬁ}? dymaEepicityiof seriPrred Hvmuemprotection in the absence

of INH, OVhd B$nihl SRREOL A A dB@’ WQ@ bglgﬁ{%acagtlb a?%%ésh Gwo lorga lower

carboxy termnus to delete t he
areriosplain Fixpepssing of spacificeGPs hlane &ermmm byaAd are sufficient to

' . h h
T R TR —

theCisik del-idaitif cNRIf A vaddisk. Tenbr ane- spanni ng and
intracellular domain, a filovirus glycoprotein having

De Qﬂ'cq"ﬂﬁcatl on at the car boxy t er m nus to del ete the

furimp @é}; gt}rr%#\%?e t Qf‘scﬁa% g f'in:ﬁ éls%dngérem have the same

coi | eg col
mepmibg aceinmdry undbmmcichby ﬁlef dﬂo@&ha’ry skitllii e Ofosi Kl clayd iAGention
a tru cation % t he carboxy termnus to delete the

Oelifagsi nSFpkegdorRpitons Bira Spiasdwayd-s Rigtionrs jofMissohiolggy and
oqj&ﬁﬁi’ l]31016 kedscOj. | weepai, 'Son?néhlcﬁ@fg?rﬁgﬁ ??]%P B.b&p rcidFlelds

intra Ul ar domai n. Anot her’ exanpl €
_I.I:QJQgEcﬂpr od-c KmipenB\NIngnd tawten @, Mi edg riippincait Wﬂlﬁatmw& Wilkins,

i o delete the nucin-like donain, the Ruin 25
ngﬂﬁélﬁé%gg"@i te, the fusion peptide domain, the
Nuﬂdclmmlécuﬁ@r‘rai n, the nenbrane-spanning domain, or

the intracellular domain. In another aspect, the
nvashindisated heteiny awclgicragid wiolecales df thelpsesehicingentionimsdyrie in the

nﬁ dygg“%%tf%%ﬁ iNF)!I\(?)nsJQ%Q% %Bgfs under tr| ngnetgetmany The

DNﬁodnyjn tie ediflé-seandad ar lh&gleedh@n@:ﬂl oslﬁgbemh@dq_fmmﬁ- RNA may be

entio escri bed above. ‘stringent 30
the ﬁvﬁ?g il ﬂ?ﬁt g%k%‘ﬁuﬁ g Rgse F’%af}dn plet iy be\ibe Apwyheding strand, also
I-efeh@&%tth%ﬁage a solution conprising: 50%

formam de, 5 x SSC 750 MM Nad, 75 mMtrisodium
citrate), 50 mM sodium phosphate (pH 7.6), 5 X
Denhardt's solution, 10%®extran sulfate, and 20 g/m
-11 WD 2006/ 037038 PCT/ US2005/ 034798 denat ur ed,
sheared sal non sperm DNA, foll owed by washing the
filters in 0.1 x SSC at about 65C. By a

pol ynucl eoti de which hybridizes to a "portion"” of a
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even nore preferably about 30-70 nt. of the reference

pol ynucl eoti de. By a portion of a polynucleotide of

"at least 20 nt. in length,” for exanple, is intended

RO 2006/03m3€ conti guous nucl eoti des from the nuedEo$iosknsa7es

sequence of the reference polynucleotide. O course,

a pol ynucl eoti de which hybridizes only to a poly A

sequence or 10 a conplenentary stretch of T (or U

resi Bwé’ﬁplaizadu hldclaotacﬂmmlamﬂe(@esl intendad palyiccleROhoe18fDNA or
idize to, a portion of a

e n used t I
RH}% eeafre{nﬂgeqo ﬁﬁ%‘n‘ﬁ paiive enxirenmugnth For example, recombinant
3112 Y )&ﬂélé&lﬂ’é%t EGrin¥IUInda RSt dieZ @oﬂsﬂeﬁeﬁyls&gféli efoP A€ bflposes of the

nol ecul e containing a poly A stretch or
DPresens iseatien. t Prathengxagmplag of isolatedt PN A Ihqlecalht;s mclude recombinant DNA

oS AR R38R R men D
neitcoke ivsolitionf THdbated RNASIbIEHI RLlu@EBLvIIS 894Gk IRNA transcripts

%ﬁ?ﬁﬁgg (gut are not limted to_those encoding the
dilecytey 9b theepresent mxertiony Isolaiest spoleie 99ié moletsles pyeording

to th@ egent bR RntEd ?ﬂgﬁm& fQlechiBe roﬁﬁueh s éi:{ E’l IV

pol ypeptlde an itronal seq Jences, Such
encolligigic acill eandenulasof ﬂwqmsemanvermeq irehgle DAl @xtblaﬁlea comprising

R naeiind fine DR e T g BT Reseogiies] sgpe product and
DA e tbeuled evhadhos iR Rk Ia0fg bk Alibdtaly Qﬁﬁ'ré?ﬂ ffbh those described

sequences t ogether with additional, non codi ng
ahoe bgh vdic h, idpe ko @lﬁiﬁw@emram‘aﬁrﬁlleaenm cqvlst still |em<tde it ORF of a

uences, Suc
oA O P e MR g o
afr dDegeheratevariads d)piinm@dfd foriNAarDECTIO SSdgB Gre preféh@&ll ng
nal s, for exanple,

spli an adenyl ation sig

ri bd‘goﬂg“ms %Jﬁ%aﬂén%engt BIBfYCEt ¢ Lo felyprRItein {§P), the sole structural

e dnbiaAgk ¢
Oy O i S L Ry 08Bkt o
celig|hirovahrrgbeptarriindingy as ioidified bjttevinges dmst onevaninb anid change that
ants of the nuclelc aci d

def:éé%:.[e S e‘ég% ]j%gf) ogﬁc?%zv W%Wp Iv@ﬁm ‘F?&Wd to in vitro
cyfptridignsnd ROAlRYSnioity dﬁ hiwidd RS, ﬂatl@aﬂy bV filovirus GP.

structural gene product. Variants may occur

The Amipg acifs of (regicalar mpgrtenca| to dhe ét véra aytptenicity Bye &y no means
limigh! 8! the ex%@?b@ﬁ& at SefiliieRHa% %@e flere stz Al a# Ebola viys hut are

alternate a gene occupyi
singfly gﬂmﬂomeaméxemplamy gRNNE D p(o@ Ras tHelprefeﬁ'm Brnir3. eltcluﬁ%emg at that
Non- nat ur a

& .S 1985 w Yor
Do BH\PF FOREPA I Lhatgien B SOER g P PoHoR Ry stain of

EbBMt-AERNGSASeold SEH 08 WS burelAn¥Cnd08
. PCT/ US2005/ 34708 CSUch vary ant et ng &‘gzgﬁﬁg‘m’ﬁ since they are
ghhoermsetchy Feiulosiseses othon tiswi the FboleZain edreini thasiumbering of the

e nucl eot |

' Poﬁﬁ f/%f?lﬂg e‘@@ne% ar%lgx thzl\é?slé ﬁf,lh H%@:a%t 58{ an, a%(mrltsm t g Feld of the

mobenkae Gl oKy difeﬁlbﬁiﬁhisss il Rkily. idbhtt O tRdst YiFerrdll hiRioCRIIs Y their
regi ons may produce conservative or non-conservative

Posifignfslalixs fo the, Blgbmceasw amgeq @qism@mdrglmmotm@ ns. 5
Espegd ?ﬂejséﬁt QW ﬁﬂe({ﬁghet%efr o 1 s %gﬁ nueleje acid molecules

substitutions, | f1ons and del
desahh@rhetmm By aﬁagmle&fsofmmm acl inoksule haﬁhg tHel dueébtidéSsequence

N tur % ene 5#5 or portions thereof Also
of & pratd S adin il e o

least létb&ﬁt' 13Ukl Qaﬁ& md: d ﬁa}eﬂﬁﬁb LRRLE26 Bt t:ﬁﬁl 1'1181\(3915}51*69&@13( at least

i ncl ude nucleic acid cul es conpri
abogb B¢ mﬁcm@o@wemndm\pmfgablymtdbmabm 4@eqm1emgtht Ofeesise, larger

95% i dentical, and nore pii€ferably at 10 | east 96%

97% 98% or 9996identical to a nucl eoti de sequence

encodi ng a pol ypeptide having the am no acid sequence

of a nodified filovirus structural gene product or

fragment thereof or a nucl eotide sequence
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per each 100 nucl eotides of the reference nucl eotide
sequence encodi ng the Ebola virus. structural gene
product. In other words, to obtain a pol ynucl eotide
weviagsasnucl eoti de sequence at | east 95% i darit/uSBhs/034798
to a reference nucl eoti de sequence, up to 5% of the 20
nucl eotides in the reference sequence nmay be del eted

or substituted with another nucleotide, or a nunber

fragments ﬁfé dODAER, A0, 2605000350, HEO,t145020r 300G 4 lldngesark Aiso intended
be inserted into the

I ence se nce ma
QRIS BEGRaL A BLO S CE FARAFIID A SPORCH panesdfinet al,of the
mEREHHan ‘a‘&;ugﬂc\é ofAR€ QRF%céd?l%e Pmollfied filb QAR sﬁﬁé&%ﬁ? %éﬁe' #0&uct. By

of the reference nucl eot sequence or any

a Fagmed it loag 2 nteinrenssh, fmﬂmpmﬁ infendedr fegpmyentsdwisich frefude 20 or
dj I n ucl e es in the eren
mo{é bofl %g 6 ryﬁs‘%{%ﬁ% or T 68 oﬁ?quﬁlbcc?u%f éﬁ%@ﬁé ‘ﬁ{‘% a modified

quen
ﬁ]bhﬁusrmfmmmigenesﬁqmce As a practical matter, whether

any Ip gul ar . nucleic acid nolecule is at | east 95%
96% rgt[y:%e gelely agdofagmentsi elhfhe; prepond ipesndiop ninelude nucleic acid

BleEd180 tehelf eSMuNe G GRY al |
US| ng. knomn%ggﬁpﬂfegbr %gﬁgmstssﬁch AR B&Hlk"]l protein.  In
Pﬂmw,amqh\/\tm@ansac:d ﬁﬁgmaﬂncnf thaapryﬁns iRankagdoclv®d su€Bic acid

oL, Ay AL RSB0 i e o, v e

ckﬁﬁﬁﬁ& Basdntihil 0
Smi t h)tgend V\atler %ﬁé%%%ﬁ%%g@ﬂh%¥w &S‘Jv'aééﬁﬁe the fusion
pepBde seaing sthe - aaitedAgl | dersaing jthw mmrbnﬁstSp&Bgmm ntormfn, and the

: C n usi nRg B

BRSOk BT o) AR By LU PR B Beoproti

havingt herunsatipar bi chel aibseuanttus o dbRte thel acMBrane spanming and
034798 instance, 95% i dent’i cal

ZOO]ﬁOS 038 gg{/USZ
mtf cliular goraain, eg&p@@p@&eé% ma trgneagian Bt the earboxy terminus to
delefvigs Ebl%i‘lwotllhﬁ)maﬂ?mgﬁﬁén@ 1%1/151:}% anﬁqn%%glihﬁ%‘ do?ﬁ'ﬁn, tahﬁlovuus

that the percentage of identli calc over
gl}l’caplloteﬂi éaying aofrundation et eth&a earboxu tdrexirisdie  delets ethe dudm peptide

i, AR ol e o becth s Boring lovires

glﬁoﬁb&nph&ﬂ&t%’li traf@ibs at tetaltoxy |té1ﬁﬁ'ﬁl%CtO tdéle&l*'ﬁl'e%ﬁn fehthee site,

nol ecul es at |east 95% 96% ~97% 98% or 99 0
fusiqe eRtids) demaipy, émﬂﬂgicqoeh éommd and qoenbiese-shmsningbad intracellular

oL LS SOGONEs SR KOEBL 5 LB ETE i

muBineliks dmnanh;hfuhnr@eavpgd yxpﬂfhmde paﬁidevﬁdlﬂam l &nlleﬂ-tcﬁi]! dﬁgnam, and
pol ypepti de

epti des Xhl bi Ebol a or Mar bur
mefiPiahf e da‘r%qef% dorgg AgPUaT gy s Egievints glycoprotein
haveXA AP hﬁmogf’ntﬂiﬁﬁl)é Bf Qérb&’ﬁ_,r @éiétio‘ﬁ' th¥delet: ﬁl%nmlpc‘?n 'ﬁﬁé‘ﬁ&%ﬁ% the furin
f or changes In biological activity such as rece
clegyiagel pitey the fusiont peptide demaeiot the reotied-vaik dorEii, ﬂndn@ii&an@.ﬁpimn

[ Nt he formation of the stalk structure
dorﬁ%m’t%g?ev]?ﬂ?&gﬁu%%% 8By, and nodified GP pol ypepti de
actlnvidotheb YassiRE ftﬁaﬁﬁveﬁﬁoﬂ ProtiddsOa nBIbRL RN fﬂotl ul@hécln?pnsmg a
ret ng. i munogenicity. O course, due to

|
POlH%{j@ﬁBﬁieawab iiyl?mgzqgéﬁé%f stringeatdybudigatisn c@ndmnas 50 aspirtion of the
JoBE that a lar
polfhes2fadhlq pitdirt TR 16} bnGE Gy ovd BT Hngon
hybﬂdxzatamn e:oadhhszts b d<d6 Yverdipht ﬁl&%at:@ﬁ £9%peclent 1aCabjution

ot SRy ot o ST T s i), 50

Gt VELYT s enegrat e

sodfl YRRPAEToIR 700 o Dpniokdty Bk, | B8 o8 Bt g g worm
same pol ypeptide, this will be clear to the skilled
artisan even w thout perf-dt-xi ng the above 20 descri bed
conparison assay. It will be further recognized in the
art that, for such nucleic acid nolecules that are
not degenerate variants, a reasonable nunber will also
encode a pol ypeptide having Ebol a or Marburg
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substitutions is provided in Bowe, J. U et al. 1990

Sci ence 247:1306-1310, wherein the authors indicate

that proteins are surprisingly tolerant of am no acid
wobeiddstizg ons. 14 WO 2006/ 037038 PCT/ US2005/ Opéi882005/034798
Pol ypepti des and Fragnments The invention further

provides a filovirus pol ypeptide having the am no acid
sequence encoded by an open reading franme (ORF) of a
dempdiired, sliedréed sahinon spetr DA rfalloweihky washing tipefiliérslén 011 x SSC at

E tﬁg@cptlde conprising a portion thereof (e.g.,
Gt Odi-e 51t will be recognized in the art that

SONMeBg Hllﬁgms Bl S AN BFRidR s hﬂ? i fléﬁ)olynucle??de I intended

poI ypepti can be varied wthout significant e

agebinpdeatide (either ODNA or RIEA) hybrigizinghe atpeast ebcmt lﬁfnwlmohdes (nt.),
f t
ol rR GRRED B REGUBORITIE S hEREkRbl, wdeifbef o0, and

rene
eyrmohert prefdrabii alsteit eomm of (el réfleteyice Jdlitucldofi@e.i Nvent i on
furt%er i n¢l udes rlatlons of the filovirus

pol B85t FUROWAT @npolymcleqtide fibatt lantiZ nt jip dengtly for example, is
m@é?l'db!@ Q@Bf gl%r%hg’dl&]ﬁ anEleWiHeg Iﬁ'O!ll{]&l lﬁ@l@le&ﬁ& %ﬂﬁen%g of the teference

| ovirus proteln such as protern
P@ML@QQ@ betoywse, Spdbﬂlmiﬁoadb whlclhdiyhrldizetedlﬂy tco®Poly A sequence or

» ROREh AR siele R TG solaie G e e kit i mioommdapide of

tha filveftiortsed tChaitdes 18 ra%ao!rﬂ[dﬁedﬂé ﬁd%leli’cead?&" Sf‘f?l‘é)iﬁ’s're‘ﬁﬁbﬂ %ince such a

Ci‘irl’ent can be found in Bowi e, J.
pospugisplideryquld Spmidize o, anI Buqtpig @Cldtme*iflﬂtaglmnmg a poly A stretch or

o St T 2bor300 Rt Uty BEPERUNEP I A el ¢ e
anm e iadicated heraniuﬂ&clal: acid ufifdculey beme\yréshnﬂnﬁ@ﬁﬁﬁ KRRM encode a

conserved am no acid residue gpreferably a

QS RPRLICaL 2o DEQGRE WaX mrlle, Bidare ok linsissio; thopecacoding the
andifid BEd 6 néLSt Qb Tullhhg p d]%pégﬁ&’é b?%@lﬁ%@ %88’ﬂ§§e<$:>énce for the

the genetic code, or (i) one or
fulhengHnpelypentide aﬂlésadihmalal mejueuiessasElibat iase nncgtingif, leader or
0 D whi ch_additional ,am no aci ds are
seftbiol) delerBSudDad f1pal o B S ot R BT A0S, (s optine sequence
off the i fol-length qmlypq:ﬂidled vifdl of @ABBHt He BRBRIPbNeS %@:ﬂﬁ&?a@ coding
or a sequence which is enployed for purification of
sequysacetalogstaer ity pldiiionab nop-cading sprusnessninsladingrforexagpld but not
linfifed I Sar r dto b
BT Rirdns oA ol RbUESy A, SIS BH IS diBedrg, non-
tratl-‘éagfh saqgenchethet play 250lAsn trankiceipiirg mmlwﬁﬁss’ﬁig@ mcludmg splicing
Jenglﬁ of. a.m or nat ur such.as conservativ

O SgE 1 PDEFBRRC Feome bifshua fash Ak A PRNA; and

et S e o

.Pf%(lde@éﬁ%lém}i'@ﬂotlenmeﬁo Acid Substitutions Aromati c

R ) oL PP AL B 11 o

preder iinvientiont ngif hoinioede poteibisg andNxi @ eAMilves BPHR filovirus structural

Aspa atgl ne, d utam ne Sel enocysti ne
gene pro uct. Variants may occur naturally, such as a natural allelic variant. By an "allelic

variant” is intended one of several aliernate forms of a gene occupying a given locus on a
genome of an organism. (Genes II, Lewin, B., ed., John Wiley & Sons, 1985 New York).
Non-paturally occurring variants may be produced using ~art-known mutagenesis

techniques.
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Serine Threoni ne Nonpol ar (Hydrophobic) Al anine

A ycine Isoleucine Leucine Proline Valine Sulfur

Cont ai ni ng Cysteine Methionine O course, the nunber

wb 2augiopmosaci d substitutions a skilled arti sanprowus05/034798
make depends on many factors, including those

descri bed above. CGenerally speaking, the nunber of

am no acid substitutions for any given filovirus

pol yPeaht varenisi Includot thpee podecadhbn nBCleotide, sutBtiBfipns, deletions or

o9 e O e bR, it may e st i
citgifzions, noh-06dihe ApidnaNor®ath. DEltdratedn i ihedodig PRADIRYSy produce
known in the art, such as site-directed nutagenesis
CORBETYRLEG 195 - BULSIARHHAHS AgiRRsicid (schstitwtinghafctives | @ additions.
Eéb%&%ll?ﬁfefé?&ﬁ am%ﬁé tl:i'ﬁg@ g:ce]sﬂgl?‘c)subé[l%mng aatdﬁftloﬁg gnéa &i Lsf?taa&g, which do

I'nt roduces S ng ani ne nut ever

nat Gilten ﬂtek;ﬁomhescaﬂdeactﬁhes fof Shd ﬁld‘?@”uﬁﬁ’tﬁiﬁiralr@ér@%tb@&t af Qortions
act|V|ty SUCh as receptor

t d
thB‘ieﬁTﬂ %g 9@@?1 We ﬁ%b@e% TS@ATH ate GoBservabiYe syhstivgbions. ang
CONtHdripet bRbbdierdtd 6f tHeQhvEtibR ﬂlcﬁfdetnl&@leﬁsta% crmpfercﬂ&t» Hfiprising a

of the virion peplonmer, and nodif eptid
podwicleptide Inyingernuskeotide Bequenag af ﬂaastcgﬁ"/o td@nhml tandwhore @referably at

I The epti des of e

el SR8, YRR RSB 5 bl o potpepie
halvﬁxglthé atlino koidfsefuibneByf a indeifikt Tl iRk ¥R@MrhDgne pfoduct or fragment

i ntended a poI ypepti de renoved fromits native
therred or giwelptidossuencecomaplopaparydeergipoduced and/ or

cont 0, I o

coneuerey s ISy Re EhBAdl BhuerkS ot 1l for oxample, 95%
"identienlt foomnrefeibee nunteetidtestqasnca ra:ncodmg)é atoettup elyogneplt gdiie product

o BB R e S s LA b e

sequegos éko%ﬁtciﬁﬂﬂhé‘ %Biyn{iﬁécsndéeéehuéﬁﬁe ﬁxa? VR lﬁ?ﬁ'}r AT %cﬁﬁtr mutations

exanpl e, recoibi nantly produced “versio

per Pill‘%?vl Q%lsuomrlglwefpﬁ thgaefprance @udg@skamqmmm yncpn;ﬂmgf fhe Bhola virus .
S
P BT AL o P D RUBRRR motors

sequenenti tuasti 9% Udentitabed YpeRirtde MREBLHIS lsétﬂleﬁce 51p to 5% of the

ﬁﬁ%{(gept de haV| ng the am no _acid sequence of
m Ifhe reference sequance ey pafelgled er pbsiinted Wl@’rmlﬁﬁlﬁt nygheotide,

or h REMBEL of HucROGRASH 16%%4 aﬁlﬁ@ o%l%u?l%bt‘?dé ?rgfﬁ%'}gﬁr nce sequence may

descri bed herein; as we pepti des

. be anseitehirtto G5tefaenct iseqiencanThese rmutplmnfs aifabd yeferendeeRhience may

960/ 97% 98 99% i to those descri bed
ool 5 e ssngr & %HH?LP%%O% %ﬁ CISRCSSRIIPOHES SrIsRGesanywhere
betwebbthdke lefAmbl pitRME,NAeAPbAS &Ny MRERIRNISRIAB Y cl8btides in the

| east 50 ami no aci ds. 10 By a pol ypeptidé having an
ref%rﬁmwe@@m@p ¥ dg genernmare qoe@sxous E@ﬂp&ewéhapltk} 1‘6&5%06 sequence.

“id t r 0 acid se hee of

(1 1 B8 il Bl A 457 pABL0G Al 350 HETGE RIS oBlBest 9%
96%9%%)1%/0 (mfr QD%QdQQiCﬁbepﬂnb defeteﬁcd aedotida lsecfu@néer@n be determined

ref erepce se%ence except that the pol épept id

e { B URRG KNpED &a@puﬁﬁr PEPEFae Sughi 33 dhe Sestlih progray i(Bisronsin
f
Seq%%ﬁ%eﬁéﬁ%l?/%% aa? u pgg&flf UﬁJPe G{e{?%]tg:% %‘ﬁ?pdlgép %uﬁgtﬁversﬂy

ResshichiParka SBD Bpapm@tnm Madison, Wix. 487119, Beitflt segterioal Abmology

st fafeamit 550 B aimoh ofL Ghire Gevar dbiialensies 142455, o

find ﬁfe%e@ﬂ%n%ﬁﬂé‘ﬁﬂ&ﬁolﬂ@;‘/ bBSveen two sequences. When using Bestfit or any

other sequence alignment program to determine whether a particular sequence is, for
-13-
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del eted or substituted with another am no acid, or a

nunber of amno acids up to 5% of the total am no

acid residues in the reference sequence nay be

wisRid/@dossnt 0 t he reference sequence. These pCT/US2005/034798
alterations of the reference sequence nmay occur at the

am no or carboxy 20 term nal positions of the

reference am no aci d sequence or anywhere between

itdvose, 9% ridemiabl 108 iréfbens, sdghémee Szpecﬁﬁﬂ@ tei the qﬁesent 1nvent10n the
i ndi vi dual | nong re |dues in the rg}erence

pgramelers are sg e SHERL gqfspeﬁqeaﬁgg ofyjdeptity is ﬁaécul c1ed over the full
1RAEH MRS ?ei%&ﬁ&eﬁ‘&?eohﬁ@ @B Bl o hom MO ASIp BYs of the

particul ar polypeptide i's at |east
tggonunther gOYecledtidesiin e reforeace @qmn ee adloivad. ac id
nvenilon

sequefce can be d fer.m,ne o

Knowi ¢ SRBRROLFOP A SHetiech X A 0K BOSPYES Hnioas! 95%, 96%

93N, 98T IV FIGHIRAL R the ahdl&it Scifa Eos A¥EIrHe@ RerBinl Which encode a
,..CGenetics Conputer Goup, University Research

Ppig(iﬁﬁ)’(@ﬁds Paving Fhelaer Malpeg pspRréidn actinity. By37 pelypentide having Ebola
o#%ﬁ%%g%?ﬁél&%&p\%ﬁet tyotlp %{t d%& %ﬂg&%@nﬁl& 'e&ﬂlﬁﬁﬂfg ]@40?@ b Wlarburg

er-"a par gquence 1S,

pblr_ype:;mde ectivi§5oal hetivtulae b[oldi@cedi agsay.e Femeam_sﬁe] GENpdypeptide activity
ordln &o th rese |nv nti.on, e paraneters_are
3558 apeadiid pp AOIEES d 1119 pElEal 36 VISt BEh ER Jeoglor binding activity,

cd;ﬂiﬁ&ldnt %tW@enC@PP Hh P&l a‘ﬁﬁ%nﬁllﬁﬁuéryiol tht e8Y8aRoR b FRStalk structure

reference ani no acid sequence and hat gaps 1n
ohdirovisgy rsplomsrs @nCB%Odfﬁeﬂh@Ptmﬂmepimdmb@mtydﬁy dedresse of in vitro

t ef er ce sequence are all owed.
cﬁ§@Q§@§§@ggﬁ%§g@§éﬁf%ﬁ? 5/034798 | n anot her
as p eOf courie diioeit HeRnQBENITURS gdielit bedss o of d¥inary skill in the art
“ngﬁgfgﬁ es described_ herein with at | east 30 am no
4 EhBcesprethet admge srmbenet tsonugifin gcidaneseules having a
séﬁﬁ?ﬂc@re{t qgast BG4, I RBE Py, LR, p519§9% 1deﬁwcgptté QMg ?(l uds quence
pol ypept i des conpri’si ng an aring ‘por ?3

dexcfipdddierainiwils emoode aipellypaptide &mnglﬁbobmnMa:rﬂrb@polypepude activity”.
rese 5, i nvention_inc

p e er.red.portions of, t de
DB} S 4BBhiraRn T O AR AR bt AP mie GfluRods Thp same
pdtipepiide, Uhis Willl b blehrdo (e QkBlcd artABRed Qﬁth@ﬁﬂﬁérﬁnﬂn&gt i€ above

N-term nal domain, the nmucin-like domain, the furin

d%?’é&dé@@?ﬁm@ asgaye I will be fther resesnieerinrihe atidhat, for such nuclexc
ac‘fcﬁ hlo?éiuﬁa.@ 'rfl {gétnddeg ﬁ@atm re%s%%nlﬂ B %IH?VIHQ I'a{ggfencode a

€ i ntracel mal n, any conbi Raty

. pdly;:repﬁdmhﬁhmg Ebolaf orl Mmbm:@pgw:qmﬁé th’&hty hawsn;g b%cause the skilled

trunc on at éhe carbox termnus to delete t

IS wamﬁgacw PHtions dhat e pithes hess hkela or not likely to
s1§d1ﬁ&a¥1’tl§ W@ RGO &R (9?‘,’ i‘c{(}&cﬁlggﬁ% Qgﬁﬁdtﬁ%@ ho LOE W1th h 2 second

carboxy termnus to del'ete coll donmain

ﬂm&ﬁhwameos@dhnlng and intracellular domain, a

filquirus ycQoRprotein havi tryncatign .at e . )

car 5% 7 enitey RGeS Shlearts b o AP ahepdiirtl’ Semamino acd
suBﬁitlhtﬁﬁhs GO blovilRTBA Bowdd)d. (B RDAIRNS9( EBNMA7aRH5-1310, wherein the

intracellular domain, a filovirus glycoprotein havi ng

aughogsy indisate it Preteinsrse SEPBERELY talerantad st abéd sbetitirtiens] 5

furin cleavage site, fusion peptide domain,

coil ed-coil domain, and nenbrane-spanni ng and
intracellular domain, and a filovirus glycoprotein
havi ng a truncation at the carboxy termnus to delete

“~ the mucin-like domain, furin cleavage site, fusion

pepti de domain, coiled-coil domain, and
menbr ane- spanni ng and i ntracel |l ul ar domai n. Anot her
exanple is a filovirus glycoprotein having an am no,
internal, or carboxy del etidn to delete the nmucin 20
i ke domain, the Turin cleavage site, the fusion

pepti de domain, the coiled-coil domain, the
menbr ane- spanni ng donain, or the intracellular domain.
The pol ypeptides of the invention may be produced by
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reconbi nant vectors, and the production of filovirus

pol ypepti des or fragnments thereof by reconbi nant

techni ques. 30 The pol ynucl eoti des may be joined to a
weebwr3ment ai ni ng a sel ectabl e marker for prepEgsesn034798
in a host. Cenerally, a plasmd vector is introduced

in a precipitate, such as a cal cium phosphate

precipitate, or in a conplex with a charged lipid. If
PolypepiiddsandiFragmentsus, -18 WO 2006/ 037038

PCT/ US2Q05/ 034798 it ma ckaged in vjtro using an

appr &P ita¥eatipm dRetbirngro hdobmerfider hdes dla amino acid

sécﬁh%&cerb%édeﬁ Pylaf- olpgg oalNR ﬂaﬁafee(@m he glﬂ%ﬁﬁe@ﬁﬁwﬂhg %ﬁlc%ﬁral gene,

[MTnked to an appropriaté pronoter, suc
of aptpdide Pr_pqi?mbdecqmpﬂm@ parideti thewmof (etg: Jobiit GB

o oSl B s Bl s KD BEP R e fovis
pSlthdptlaLE clif BERAREB withbit EhiKRGVBIfER dfliBe Slehdth®or function of the

artisan. The expression constructs will further
PR a ilinsush dilderprnes ip pegisrge e iconrfemplatadaiti shauld be remembered that

t r a ribosone
s Rl B AR ob Prd Gl ASFBG RSN SRED. B, 10008
t he Timisythe mwams»nrﬂimha indipdesweidtiimg dfhte diogius yolypeptide which

SRS B AT Sl e g v

- sldhGs tﬁepfx'b %:@Ftl@hé/ dﬂ@tﬁbé& PISH et Hﬁlta‘ﬁ&dlnelgldé Bletions, insertions,

pol ypepti be translated. As indicate
IYRISIONS scmtSymtmcssuhsmmtlwe w@nathbgted reuidacies catlcérmag twhich amino
rker

3 oo Bt BP0 so HR b SloonightR IR £ Br 6P iawie gru. o 1. 1090

&ﬁa&gnymumﬁ;gﬁbl culture and tetracycllne or anpicillin
resi stance genes for culturing E. coli 15 and other

bact Brisathe fagmente deriative O‘é%ﬁl%l ofshegpolypsptidp pf &e dnvsotiesmay be
(i S M Q\gnc']g ?Erforggi‘ thelabfihd &4 1 ugsa%%rg%%siﬁ}ué&cﬂv if? & conserved or

such a t r eptonyces an
ndny@imberved atmnoedcids :res1dﬁ1e| r(gaferabey b onsepedd aisinyexaﬁltremdhé)sand such

nsec ceIIs as Drosophi S2 and .S tera. Sf9
SiERG a5ighc ST HStee T T kB S RaA B figsgenctic code, or ()

. orl®ah SMQUKBIE 8F ndre GMNfe RhABLcRGEiGues ifRRIEARUb &t Sen® o‘él?,rcﬁ (iif) one

medi uns and condi tiions for the above-descri bed

- incwhipls additioniah ewino 20d3 aretfieeddpithe mnbng pobweptids, such as an IgG Fe

bact.eri a i ncl

fu&[)lg f S@Eé gephg o feﬁg%l%g chrrch(jeg%eélﬁe mb% c%%% W@%m é¢mployed for

- purdfiR@RHC bf The MBALRY PolyBeptiFiecor At Fro@fdtéimseqﬁ&ﬂdSA Such ﬁra ents,

pNH 6a, gHN18A pNH46A avai | abl e from Stratagene;
desipigngs 40 pralos s degapaerig e vgithip Hrswope piitwss daklsd laah%art from

?ﬁﬁ?la Among preferred eukaryotic vectors are
thégeg%%%r PSV2CAT, pO&4, pXTl and pSG avail able from
Str aﬁtsagmma!:pd ahangeS\iSprefopBBVOT piviier anthrg Skth av@anbanidtive amino

* e S gt sireal P i bkbRmiascoth of Trotin oo

Tdoggfruct into the host cell can be effected by
cal ¢ci um phosphate transfection, DEAF-dextran nedi ated
transfection, cationic |ipid- nedlated transfection,
30 electroporation transduction, infection or other
nmet hods. Such net hods are descrlbed in many standard
|'aboratory manual s, such as Davis et al., Basic
Met hods I n Nblecular_ Bi ol ogy (1986). .-19 WO
2006/ 037038 PCT/ US2005/ 034798 The filovirus
pol ypepti des can be recovered and purified from
reconbi nant cell cultures by well known nethods
i ncl udi ng anmoni um sul fate or ethanol precipitation,
acid extraction, anion orl%ation exchange
chr omat ogr aphy, phosphocellulose chr omat ogr aphy,
hydr ophobi ¢ i nteracti on chromat ography, affinity
chr omat ography, hydroxyl apatite '
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5 chromat ography and | ectin chromatography. Most

preferably,
("HPLC")
wioeogre st
product s,

is enpl oyed for pu

hi gh performance |iquid

products of chem cal

rification.

chr omat ogr aphy

Pol ypept i des of
i nvention include naturally puripdB0s2005/034798
synt hetic procedures,

and products produced by reconbi nant techni ques from a

prokaryotic or eukaryotic host,
bact%leaA Cwa%t;wdmghmrmprﬂ §n1ts¢1tutwsect and
AL d

~exanpl e,

manmal iah—e S
in a ré@@ﬁﬁ ant

in
pol

gl yco

pol
I ni
ar

Al so

ant
ant
ant
ant

sequences mhich

of
f or

i ncludi ng, for

J.U LJC[JCTI'UI
production
ypdpti des of the present
ylated or may be non-

I 1TT1TIT IIUDL Cllpl
E&e&gﬁﬂw the
fbn may be

1T ﬁﬂ@latpd Ln___additi

on,

ypgdpnidellendcitdite i nvent i
tidl nodified nethionine

aﬁmﬂmgcénmdo i ncl ude an

Gheangueid i n sone caseg as

eslTonhbledBisi¢redi at ed p
gonprehended by the pr

I badi es (e.g., nonoclona

r Aegisiaes. Anti bodi es
PHa#flinenventi on are
Lk pol ycl onal

15

i b
i badi es, including conpo
speci fi cal
thq i nvention) and ot her
ilovirus GP nnlvnonfl

hai n_an
[ bcghesomﬁib.ﬂng%?zgd humanGl

<A%£QI chimeric

ocCDR-grafted
o |cg i ncl ude CDR
g ]%833lee a pol ypepti

"H§i ng proteins specifli

The t ¢ anupg}a@&Hmopméw) i nd

regions of the antibodies o

and bi

nd a filovirus GP po

4B that the 20 vari g
f Gbismei nvent i on recogni 2
Ispleptinele excl usi vel y

de.
ic
lble
e

| fof RTER e

n it elﬁble&ﬁe.

(i.e.,| are able to distingujbéucaefil ovirus GP

pol ypaptide fromrelated pobPwliepti des despite
sequence identity, honol ogy| valinesi M larity found i
the,fagﬁﬂg;@%nnﬁmkgpeptldes he MYy al'so 1nteract
‘Wi th ather protelns through *ﬂmﬁﬁﬁﬁglons with
sequences —outside—thevariabte regromof —the

ant I(gp%g&hot%ec LII'I:I%I Q)gra}ﬂlﬁcy &0 subithihs Cao%éﬁ&p ngﬁgwald make

of t creeni ng assays to termn

| debemﬂloﬁgn&pémtdrs dhdlyding these dastritiddipood. (ﬂémrallywmnkmgnthe number

ofr e wel.l known and routine iced in the art
ﬂéﬁ‘%‘?l%“s P%%U%Y%‘r#lé‘f’ﬁb“ i}’P Ul noghgmore tha 50, 40,
yf@@”hoﬁbp§ A Laboratory Nhnual FbrIOM/et al . (Eds),

Col’d Spring Harbor Laboratory; Cold Spring Harbor, NY
( 198%)1m0@hﬁpuretheéﬂoﬁms ipoberEles nﬁtherpw@@tnnmtlan @hat Biergsential

egowgﬂ%?%:’e ol% 'gr des of

2 ad'té e a.'is %e—dlrected

%dn@ﬂ@” &S aRhelstdnBinga AthitdRA&RID SCusIeafd & f Wells AR89 Science
i ned above, a filovirus GP pol ypeptide of the

24|4ri\98 HlP&N. flhe ﬂﬁt(ﬁﬁ pedsedupe tjodaees mingliaadanies myptstonsgievery residue
'ﬁ%ht Igﬁglllq.e %t fbfei eﬁ@ Ao b B éloﬁc@pfﬁwty such

avi ng utl I agnos IC pur poses an assi
as | roveptHir AAddiom activa, VRN2ERG/ W%BGP%&W%&%ﬁ%uﬁon to the

- Use, inant Vir to I nduce | mmune R n t )
fomtﬁogeﬁR o S0k SURGHTe o Bise YA mSpiemes ﬁ’@ﬁ@%&t&g pofpeptide
acﬂvi +deEre§§é dt i DIRStEBERENPe BRI SinRhogBlitkigen and

al eliciting an antibody response.” Mre

par tThc wobpeptides hbthemeesentt invéntipe rard omveskniieprovided in an isolated

fopfe pia a0 ot R ), e, SEREmh e o 10 e

en$@&indn®r Mhad) G pcnypdﬁad@pﬂ)da@sasdnd/dx reatfinea twithn alrf@@intMeant host
in which the inmune response induced by adm ni stration

celbfis gopsidensdhisolatadplosipumeses pk theoprsteat] inypniemi Ailin ivended as an
";s%%tée%éoﬁﬁ%éﬁ na?e? H&gﬁ%hdgﬁthg% ept{ﬂ%ﬁ? n%i%cfrlﬁ)%maﬂ?rb‘r s’uﬁ‘stantlally,

he 1n
experi ment al denpnst r at i oAlé-hat effective
‘i.mruni zati on can be achi eved using reconbi nant virus,
e.g., adenovirus, optionally as 10 boosting
conpositions followng primng with any of a variety

of different types of primng conpositions. A major
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15 (I FNy), and this provides a neasure of CD8+ T cel

i mmune response. A second conponent of the inmmune

response is antibody directed to the proteins of the
wothm@enss The present invention, in one enbodPaB0§2005/034798
enpl oys reconbi nant virus, e.g., adenovirus, which,

as the experinents described bel ow show, has been

found to be an effective neans for inducing a CD8+ T
froreld recombinant rte»slpcnﬂsca a ugive soaice.y Fas eﬂn@@satﬁectgnlﬂﬂanﬂy produced

osi.ti antigen .u an ari et
vRoR0F i B Pimaiad b BF BT Rid R St amersltg motod
dRRRAH RREY aﬁ@wﬁ@&mgﬁecpé,matsum deficient adenovirus
derlved from human serotype 5 has been devel oped as a

| i velhgi pelypepéides of Bhe @resprinnaendiopoinciide Laegol(smmﬁamo&lpnsmg a
P 7-
Rtk W o) Bl B € ooy itos B B rocucs

orVportioe shegeuTt adi dticodedaby ianarteid atibl s@qﬁn&@ﬂé@ﬁb&l\lﬁe&ﬁﬁ QRBwell as
égwm und .36 kb. Reqpnblnant Vi ruses can . .
p g attach a5y af lgasy Pp ﬁldd?r@e@nmdrfame&ﬁefs@bw@é kpag96%, 97%, 98%,

01-3!@%‘ Qiéhﬁé’a?f to $f0R0 H@scﬁi)&f{lﬂo@e %ﬂ@ afdo M(EJ €€0 tcﬁf such Ipola{aeptldes

contal ning the gene of Interest toget
wighuktdeasb10 amimo @nids end mbre aefpeblyi o i;aavte‘SOcmhho h¢1dm vvh| ch

al | vi r.al lLicati on. Hi gh . yiral res,c o

bt I P FsalifR Btk e s na eftiongs ' UERp rBF oRsmple, 95%
"ideBB&HI 1018 rofbreaeining latid e@ibnd o £ APARVBuP holpMBias i MteRded that
~wi de range of cell types, do not replicate |In any

the amjny @i eequereerriithe pomepﬁd99$ Wenticaldo thmepferense sequence except
tha{tg:g% g&?{)c%s‘ae% u%n@egﬁx eﬂﬁ‘ﬂ: Srﬁérlel s c?g}rngggtg)i%l ons p‘%@ each 100

armmrm/slés be ﬂﬁaﬁ%‘[mcagmm;s hcid oﬁ tﬂiﬁ)ﬁlovﬂﬁs pol?ﬁep‘bilﬂ}: " In other words, to
2006/ 037038, PCT/ US2005/ 034798 anti gens | nclu
obfain g nelypRRtde axpR-AY Rigo drid seqygnee a? lsasti 94 f(yigewg tqug reference

anfho ack® SZudncdl fPlo 59@ BF g %ﬁuﬁf’e}m@%dﬁ&‘%ﬁ lSre¥d r%d'é§ sequgnge may be

nucl eoprotei n (Fooks et al. 1995 Virology 2
defetadenr lsulptijuted weh exqiberi ameng adid voralaudest of feido beldoup to 5% of the

nonst r at es at. e of enbodi nents of .th
o BB, S SRR iy S5 o RN B dRRo bF iurSied SR LE prjoronce
se@fencas Biitist gRétafichs| STAMCRIRBck ¥BARAcH RSP OBGR at tHelanBARL Yarboxy
as a boosting conposition prined by a DNA vacci ne. The
daﬂsmgs w%sf he ggiesence anHBv @eida aequaniener anersre egeen those

zsap)?‘g% .mt dB S & f of)ﬁtﬁldlm}?%&%n ?ésldues in Fﬁereference

prinme vacc regi mes
sequenendriin amd onthone $:ont@ugus gragenoitin lﬂ&:, refesenaé Squence.

envi.si oned s bei n ble to pri.me | response
¢ hatss eapedicalgagier eﬁgﬁr Sy pa e o YPREARS ARt 93 o 26%, 97%,
989 5O AAMLY th" QIHE&ehee 1 FnBidt 18RI secﬁﬁﬁceh WIRMbe determined

pfimates i mmuni zed with reconbi nant vir
conugarienaily ussing bpewm rainpyten pregrivod stéin thec Begilis lprogmn (Wlsconsm

sohHHER AR RS VolheP) 571 DU MELE R QLB et vty

. ReftashiPatk, [BA SeicBe/BH #4, Mslidoh aWif 1587115 AWBaenf @i UstSiflk Br any other

humans. Advantageously, the inventors found that a
SeqpERE] EninGHt pregiameiol Syt Whethel @ parbiselar pagumiceds.ifon instance,

95%@%%1131’3% (#) ¥ r%f' g? ﬁllgeﬁgg gg‘cto 1@%%5 ﬁrmc%@ hw%fi‘l‘?on ﬁle é:xarameters are

ni zatron’
setsof ctcﬂbdeﬁsﬁchrthatnﬂﬁupérﬁ@t@e dfmiﬂﬂ&Ey 1sr@.B:|ﬁIEIE$1€0veﬁtt@ ﬁﬂllldéhgth of the
hunans The pr esent entlon in varlous as and
refel RS Ampan £ émeg%ang Imbgapology of pp to /g of the total number

of AR ANHT é’s‘fdue?ﬁ{lﬂlgg antl éngt?é}efa%wﬁ‘duc' ng an i mune

response to t n, optionally for boosting
an i nmune response prlned by previous adm nistration
of the antigen or nuclei€l7acid encoding the antigen.
A general aspect of the present invention provides for
the use of a reconbinant virus, e.g., adenovirus, for
i nduci ng, optionally boosting an i mune response to an
antigen. One aspect of the present invention provides
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provision in the individual of a reconbinant virus,

e.g., adenovirus, including nucleic acid encoding the

antigen operably linked to regul atory sequences for

woodewzdsroam of antigen in  the individual by expr/es®isni47os

fromthe nucleic acid, whereby an i mmune response to

the antigen is induced or an immune response to the

antigen previously prinmed in the 30 individual is
booS e dnothé AsHBaLN Ehe! RSHBIDH qor&@d@np@ﬁbﬂsg@ tHEBYol AR ptides described
prinmed b Iasnld DNA i mruni zat i on, Y infection with

hgﬁnq with %/ leat S0 agum acidy mﬁyn@g\pgqf@gpﬂﬁm qgft 50 amino acids. Preferred

AT OBE B SRR (AR el RN A o bearing

ppriowi afes filovires Badctodal pl‘tﬂhm.l 861 | pamaarammefenre& Ipaivee of Ghe present
an antg&gn in @g i ndi vi dual,, the nethqd conpri sjng

inyeRtioh dfdyden golyBentides PRBIYIE AR e&‘t%eﬁij gragy o a filoviras
SERFRAShrbleR) vARAPIHE AbRidint ib e Midr ARk AbmAkC hﬁe' thu@ifle domain, the
encoding tRe antigen or a primng compo$ition

ﬁamrpka@gn g’:lttshéleafwnogampbde demdinj theaenigdent odbinrdn, tthe ntembrane-
s 11{11 %ed(% and t E#agggl St rl ngaj%ﬂ %,)lﬁgsﬁllglr%hgl? ﬁpereof ttJor example, a

ﬁ@@ﬁ@glybq&oteimﬁdvmg @ﬁuﬁuaﬁb@mha@mﬁognmdhm td B&ete the membrane

anti gen operabl l'inked to. regulatory sequences for

spangipgcandomirgeeliahari dpaain, e dilpyitup BIXHOBTPAI Dypvisigps dwigeadion at the
RS R 1B b fkd- éllf&%&dqgmn@wg%%%ﬁacellmm
. enovirus, a

use “of reco nant Vi r.us
daiingio) mﬁkd/;rus lglwhlerotmnha‘vmg mn'anaatzom an‘éﬂlcxaﬂmy terfndras to delete the

ﬁ%g)?sg ra i on %ﬂdﬁw n‘!i%fﬂuce 9 Iongflgland intracellular

domaihca !ﬁwms $1,09ibroRRAhdvng O frundflfh Bl b caioRy térﬁnrﬁis RS kiBlete the
dose formor followi ng prior admnistration of a

fisini dheanage sitonfpeion perside dompini enileg-cof domaini gstmembrne freinging and
nﬁ%«l:éilufeag C&gﬁmxgsix{he aaﬁltohg&sn I&})‘%oﬂeﬁd Hgvm F’&gcah "\ %’t tﬁei garboxy

primng coO lon may c rlse any VEc?

tdrlﬁmlukl do rdglewl aiwmubﬁal-lﬂceoﬂomﬂnefunhhaeaxage rsﬁw figdon @pﬁ@e domain,
a vaccl nlia Vi vector,  such_ as

cotledrontl ipmaw aut e SpARing g irsellvisdlomainy 4nothes example is

“167: 37§1§y%/%6% tgbilingh o tdial, CEREbANGRK S LISt dlje mucin-
Lilgydanenin, éhc figin, claag9gze Sitmc e fiesidPpepide da)inpthe MyNgIoil domain, the
rta a et, al 2 y, 118: 217-32), an.
g@?ﬁ’gﬁ P’&d g’lﬂl’rﬂ%@ %'\b{(ﬂcghigé@ T@thar ypox, e.g., the
Strarke g4l %yapua@s &Mﬁ%&éﬁ&aﬁa@ay bezgro‘aa@édeby Ianﬁbmﬁlenuonal means
1994 Dev Biol Stand 82:65-9), er es vViTus vector,

(Hawghien) BA. O8reltV4S ySA\Mﬁéhﬁééi)or of Sigrltangobe Multigle Peptlde
r ol i
YRR oy RS, P08, RAHGE 4 GE0T o e
(ips@f erably being in the formof a circular plasn1d
that _is not capable of replicating in manma

cel I'He pygyent dpxention| dsqrarlples te ngions hiclh dnqluds; heapoleic acid
me&mﬁQs %m@g}reé%pmvenﬁbie Hodt'd f‘é el Yare Egpéu%ﬂfgzﬁﬂée&d with the

Kananyci n resistance 1§ pre erre i Cl
rec@sbistudvegorsAmid Gempreduotiessel ﬂhovrrhmpdiypdpadck onfeagrdeptsathereof by

Erq?n%ﬁg ﬁﬁ}ch is active in mnmmlian cells, for

TPHSTANE £UHE"Cyt omegal ovirus i mediate early (CW | E)
Pr oNBeeolynhibleb@ddsihay} BY joinddith R vdthr ROAGINIEH QB Sharker for
of the various aspects of the present invention,

 prepagrtigsinradhast nGeterallyp pinkismid vestayds intiodneddgin fagirecimitste, bych as a

el Atk lbeieBOB Aor B SAROS b Tl Sk vius

seco cohposi t1ons fa “$econ
boosti ng conpositions being the same or different from
one another. Still furtheripoosting conpositions may

be enpl oyed w t hout departing fromthe present
invention. In one enbodinment, a triple imunization
regi me enpl oys DNA, then adenovirus as a first -23 WO
2006/ 037038 PCT/ US2005/ 034798
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boosti ng conposition, and then MA as a second
boosti ng conposition, optionally followed by a
further (third) boosting conposition or subsequent
woastsiosmsadm ni strati on of one or other or bBITUSH05/034798
the same or different vectors. Another option is DNA
then MWA then adenovirus, optionally foll owed by
subsequent boosti ng admi ni stration of one or other 5
it arayltbetpaciized Frevigamsing ardafprenriabe pagkegieg sell I anghthiop drgusduced
be 1ncluded In respective primng and boosting
in 3ﬁﬁ%? ¥i ons (however many boosting conpositions are

enplrseoiAnaas: geuldke bstediveBealinketud as Rpplogriate I]Jitlilﬁoter, such as
epitopes. The antigen may correspond to a conp

the phaggdambds RL prompier, figtin sgl dace /7P 38| 16C P@Pl%eff:rtgfg REAp eatly and
latggﬁ%tgfgcgrss aﬁg @I‘coe irg %lf'i'élfboy gfé![TI@sr kd Béé{fié Rleevpl Utlﬂag§u1&fble n%romoters

nor e ficiently cutt

willlie nowe ¢e the akiflef nritsen. nTheexpesssion constrhets avill lﬁg‘éinr enndiam sites for
nce.in the,ve

encodi n ue tor or.vectars.
g AR e e B B0 G TR IGGRE. 4 Bposoite binding st
fof B%ﬁsm%ﬁ el QRRS iGN ofe lﬁae@legfunz@g;tdoyxﬁe@ﬁ Bfthe constructs
el'l's, especially ‘epitopes recogni i n individuals

Wﬁf prefefebir mcludpianiransipsion iitietiomat angng tepmingtion codon

i P g Gt Bhaly i #?Ft‘égseﬂﬁ%fr BECRgI4Re 10 bo

tranpleRgOt er” i s nmeant a sequence of nucleotldes from

mhlch trans ortatlon may be initiate
i nidel ohe é’él?FP%SFODeVeC"qfﬁ wiilh er@ra‘gy ﬁ%@e?{ e 1t 9%36160’5&510
m%ﬁ'ﬁ cﬁaﬁ%l&fs ﬁ%&:%%iﬁ? fN¥tase O%Bﬁ%ﬂ resistance for
I nke d

means JOIne art of the sane nucléic aci
eukmlyeitaitel], cubturet il tytraqyolmet oromaplcillindresisianeet gapes G culturing £. coli

ang;fgﬁ%gqg | t'i O %ﬂ%@%ﬁ{ﬂbgételﬁ%ﬁsst E %;[)n%rtoglgﬁ ! orsrtgtjgcrzlude[)%t are not -
LirhitedN8, Cﬁdc&hhp&ﬂb dubh bé & L61) SH80ln9éds QRd SRfmdnbBa typhimurium cells;
promoter-. O her regulatory sequences i ncl udi ng

fungst welisasesh mmgstweﬂlg, mg@tydésewhaﬂﬁuléfﬁsq@e{g&%@gi Spodoptera Sf9

cegsn haa}lri]I% {;clfé :ﬁ%@g %r atlf HoVes 'ngél céllsb %ﬁ [@arg cells.

HtTy Si er sequences nay fnc
ArSorpy @@mﬂeamedmml aﬁd: eomcﬁa:rrrsefomﬂxb hbb#@ddem@hdddﬂ:gbceﬂa dre known
. practice of the ordinary person skilled in the art:
in deat. f or exanpl e, Ml ecular Goning: a Laboratory
Manualon %ﬂa@ p L }daofRr u%‘m)f)&%haeihclﬁhe pb98, $QE6D, and pQE-Y,
Spring aboratory Press. Many known technlques
avaitathlep Fromo Qidgens pBS meaviqus| Bhageseripf veeietse Blueserid, veciors, pNHBA,

N ENENL TN RN S (e e

3, GBI 530 2PRITEC AR FF 8 Thafnach) d Al Ysibfered efk@idicnsectors are
are described in detail in Current Protocols in

PYRIBNEOUPEV2EAS) pE44AnE B eandepSG availille fromoBisategeneand pSVKS
s e T e s

appﬁémn@gﬁlsmﬂeﬁmmﬂnedl ate earl y (CW I E) pr ormter

with or without intron a her
1 Bt P SR Eel8 ChEBOSt S A B3 GH B PG etictut Fhosphate
Haﬁ@éﬁ.ﬁ 291934498 nf@ﬂaféﬁaﬁ%éfe%ﬂbﬁ %h@m@oﬁ id-mediated transfection,
nistration in accordance W th resent
eldctioationn taﬂisdububnb enforims dxrmheran@hcpﬂst e‘iucha:mktktoés afe described in

wel | toIe and effective e ncl
magy stasdbi BRI ppEISRaLsy B SRV, 0 *"/%Fb@gi%%’mﬂ
gﬁ%ﬁg gERanlde PSC97B, Adj uner, PG-026 GSK- 1
al et hi ne, MPC-026, Adjuvax, CpG ODN, 5
Betafectin, Alum and MF59 (see Kimet al., 2000
Vaccine 18:597 and referent®s therein). O her
contenpl ated adj uvants that nay be adni ni stered
include lectins, growh factors, cytokines and
| ynphoki nes such as alpha-interferon, ganmma
interferon, platelet derived growh factor (PDGF),
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Adm ni stration of the boosting conposition is

generally weeks or nmonths after admnistration of the
primng conposition, preferably about 2-3 weeks or 4
week®/o3ms3s 8  weeks, or 16 weeks, or 20 weeks, pOru405/034798
weeks, or 28 meeks, or 32 meeks. 15 Preferably,

adm ni stration of single dose conposition, boosting
conmposition, or primng conposition is intranmuscular

i m‘ru'ﬁ‘ilez ftavons pbhypepdides cal be rempwemd sind attirkﬁnd dTom recombinant cell

ofort i e hetpoiBg Sniopahe: Siheron a0l Rpapigton, acid
28861, GnfNor Afon akEBARAEINYatosrabhg ﬂﬁ@p}@f:elmdse Qﬂfcﬁﬁeﬁography,

|nject|on device to adm nister a virus or plasmd

hygigordhakise r;aﬁemtnerusphigma@g@phm Biabfiet ovmepatography, hydroxylapatlte
chfr&g%%aﬁﬁ A %YY? c%:?fg{aé Sﬂﬂgﬂ 91\&33? gﬁe?%%lg,fe h{gﬁ I%rfonnance liquid

accor d pro
c]fﬁmntegmphst X“HRII:@\)l 1d| angpldyed fon nukifiction n@olypepﬁdes CBfaihbypresent
hat .do, not, need t.orag

fiin mav fgeose ly puvastt Bgducts. GFoSpcizapt s itaneah gymiheic procedures,
ax&leﬁ'gﬁﬁtd ﬁoﬁﬁﬂ’e@lby@é&%ﬁnfﬁm RchhifBes ﬁ&ﬁ%ﬁgﬂoﬁﬁoﬁéox&e&%ﬁc host,

wi'th an excellent safety record in
intlodingi Fort |e@mple,TIbectenzc5, gemerhﬂgh@n pbrht,rmscmrbmdammmahan cells,

viruses can be ac ed sj an can
R R e A E
pdl?’efx’&!ﬁs&ﬂ' lﬂﬂtw'\;ﬁre@ﬁﬂinﬁbr&iohaﬁdﬂfé glffcosﬂ@fé@ B! 'rrﬁ@rbfe non-glycosylated. In
enovirus is therefore highly suitable for

adg F@ﬁhwlaefmhé%pf fh‘?éﬂ‘é"é’é‘@@ inaay al&z: encluglei aningial madifies methionine
rofl83, Bodonft GER%ES A PRI BRAMLAL D by an | mmune
e I ndi Vi nay have a

response. i sease or
Axliifsgltigter such that delivery of the antigen and 30
generatlon en is o

og ne res se to the, a
Dendhif COmPRAeRE bR etnr BAPrgen BesBnbahi Genetocional and
polfREdnal ad6Bb¥ies, @ﬂ%le‘ﬂh&ﬁraﬁﬁbdﬁbs%ﬂﬁneﬂéﬂﬁlb%ﬁ%@ h—)ﬁhﬁ:ﬁizb& Habdh, and

to generate an I mune response agalnst pathogen or

CloRgeafted  prafbodies,i imchdingo nompomés/ eﬂgﬁmmludﬁ CQqueq;moes which
sp%& é’%(:g%?/ﬁg % %grlgfgepb t%g? 0167 9<§ o%ﬁli % pro?ems specific for

filowding r@la @GI@pwﬁﬁbs bﬂwﬁagmemahéreomwamﬁ tefii "lslft@iﬂﬂar"t in@igeted that the
wﬁgch an i % onse may play a protective or
vayigip JpBeRs et £ %‘1"1 Ghdbg dreptitne repganiEe epé iyl pfilovirus GP
t
PoBRERIRARERSIIY 0.4 Mo RIERFILG KA AIInEIP Bilypdbide from related
pobypepises tdespits quyerme) righenkitye hamojxigzy n'asemlant}alfdaqnd in the family of

P 0@%&@%‘3%{’@3?%10% F’F dct W%\R}?e’f BFOF o ]tlt}%%laétioﬁg {;v sequences
oufdfde theSwaibIeEbh B theh@btdis baldriarimftemag iRtk &haﬂﬂu%%i@ﬁ of the

interfere with the efficacy of the active ingredien
moferaley Sepqenimgmatays © determive hamime wecifeitpefrarantibedyenfithd invention

_ aren@ E&Q%[lgldoﬂau@e a%éo&ic%d%]i o?t ;C%tgllé)?e enstvIdiscussion of such

Favenous S or bcut

asﬂa?ﬁ, rsaegniamibadied @ Qaborstoity) Mahil, erd@Vabt al. r(@d@mﬂ}‘o@d-l Spfing Harbor
or intraperitoneal routes. As noted, adninistration
LabaratgPi (A SPYRE Har sk ol 988 GHEPIEH G0 Antiodics that recognize and

birddfid ?scbli} e ﬁlohhﬂuq}ﬁ gﬁ!}@éﬁfﬁﬁ? Uk Ltl‘f@invﬁn?rmoa}é talsg rb%ntemplated

gener a I ncl ude a carrier such as wat

'prqwiedcb]hee Lﬁlm angihodred are firsy egbfoaézrh@t mdcsﬁc for, ne daﬂinedlabom; a filovirus

GESBRIPELEE o' the RMAHAD S0 Fhishs e Hemrah ey PRkre  Sherspecific

 antfodRb h)‘f'tﬁ@%n&hﬁcﬁphre RVRRYEERS hadaég gimﬁggkor%agnosmc purposes and

pol yet hyl ene glycol may be included r intravenous,
Pwﬁﬂﬁam§QQQHMﬁlsubcutaneous injection, or injection at
the site of affliction, t2#e active ingredient will be
in. the formof a parenterally accept abl e agueous
solution which is pyrogen-free and has suitable pH
isotonicity and stability. Those of relevant skill in
the art are well able to prepare suitable solutions
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included, as required. A slowrelease fornulation may

be enpl oyed. Foll ow ng production of adenoviral

particles and optional formnulation of such 25

war#lcosmss i Nt o conpositions, the particles nmaEycTtEs2005/034798
adm nistered to an individual, particularly human or

other primate. Adm nistration may be to anot her

manmal , e.g., rodent such as nouse, rat or hanster,
Uge pihBecopibgnantMipug to Intleapimmgond Reqionse tvokskigenc ow,

donk dog . aor_cat. Inistratjion LS ferahly in a

" or ot pESh: iy qifion o Pales o et of 3, EhE! 5%l Ymmind response
a%zﬁﬂ!sﬁ bR etk Gl | A¥soCdl{chfiel dCmABBM espdde. Mt HRHBUIIRY. the present
.be, although prophylaxis may be considered therapy),
invaptipnyyelateg ta (iagcelerasert” imsnunivation sagirhes inpwhicih ¢he immune response is
S Ealo IAYE . al.: nt-_adm ni.st.ered,. .and..rate . .
gl b iAo B AbintB BT B ol Bid i 05y, pgnization
regabdsrie whivhdhsmvatnd shssindiced byladinfgsttatieabed priming composition
,Prescribgti on of treatnment, e.g., decisions on dosage

. 0sage

s bRgsiHh by RIBI ST PICTPoRsBesoDTRTYen cthe presest igvemian, in one
ethBRUHERP R BRE] 14y B BRAR! RpRhdntd CBEAG BRSO effoctive
_hedi cal doctors, or in a veterinary context a
Inyyrazatinn rdanrhe, achicyed ysingatebombiakie sviarse egnt adefiotitus, optionally as

isorder to be.treated, .the.condition of .t . .
e g g TeUR e ieiok PEGRY GEp Ry of SGrent gt priming
codfpositibhd)i stration and other factors known to

practitioners. Exanples of the techniques and

pr ot/ddBHer PEtestiseepmpoapivel dn ipmuneupsbonse against a number of

j ' ' ken 6t ition .
r R R0 B Rk SEUECBS 9L b g
lymghooytes (ETEY Apimpataabluyction sfalMSccdlBlid sekretibn of g@fLinterferon
ans/injection, foll owed

10 mcrograms to 50 m !l lLigr
-(ﬁﬂ)aa%ﬁqévﬁ rlgfgwéﬁ & BEaBIS of | GIo k58 | igpyne espapselosd second

coﬁfpoéen’f pﬁ@lle ifmhnd r%?&%e %ﬁg&&f(ﬁf&% && ﬁ{eg}goteﬂlg ofT t@g athogen.
conposition may, | esired, "be presen noa kit
pacKber prasemp eneentionwiin cine emhodimeitaiempboye tombinantuviits, e.g.,

AR R8RSl B Yl 55 i bt P o an

cffbiBh @&and b} ilﬁiheﬁlgaacbs+ﬂﬂ Relk ithmuR& ¢¥spole, oPicHREYSE S boosting

may be a(_:corrgani ed by instructions for _ adim ni stration.
COMPRBIYTORTIPS BY MEiedelsrEhny ef © vedetnlo diffesent jpaiming compositions,
i: ' i treatments, 15 either
mg?%kggh%%gﬁﬂfggyg%gglﬁ%mi ally dependent upon the
coniicpli@tiot-defidentr adémaeirudalerived Yiré Aumen- 5 has been

oc ARl S35 WS Bt et (ot dibarea9s b
BibtBernbN §9b7.981 bR &fal.m?@llaﬁaﬁK‘BU@ﬁ tsh.fgﬁrsﬂ.%). gggeglggﬁ&%s L% non-

an anti gen of I nterest, e. protection”aga

envtleped sdrvoes pattdionpgns linGyeddubleestiubdidd DDA igetam® bf Bhhd 36 kb.

. GP Optinize Vaccine Effjcacy in Nonhupgn Prjnmates 2 .
R Vi F30 e RTS8 1 407 HECHBPARET P 6@oarbadenoviras
geWend plasthid AN@ laYshOAleNebBP EontdiRihBRhOfenS iir_'illﬁx‘éﬁi tﬁ Soitld? ﬁ/&?ea strong

transnenbr ane donmin had beenrenbve ough™we
eulgE¥olie guesngter, dp ¢r peatissivatcel dinetwhich allowshwirahreplivatiomaFligh viral

. LI . C\t i Ci .(Yan Y. t al.. 2000 Nat

ttfs, AR DE LB R L€ bbbt B ot o xiing s, pighoush

capableds infetting iaidengngd@oell RAteR, dd Bt réplicafttinBng @klls other than the
epi top Previ ous data suggested that the in vitro

1 S. .
Pefa’/ﬁlsﬁ’ﬁaﬁﬁ?vc apd, et theredoref a GalGeptigen (Askvery esystem. or Reeqmbinant

: ri
APRRE bR ST YRR b fEcl R Yo Bucs HUGHR ] Rinber of

79:547-553; Takada, A et al. 2000 Virol ogy
278:20-26; Chan, S. Y. et-2dF. 2000 J Gen Virol
81: 2155-2159). An alternative approach to the
elimnation of the GP-induced cytopathic effects was
therefore explored by renoval of the 26 amino acid
put ati ve transnenbrane and cytoplasmc 30 domains.
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- anfigen, optionall

WD 2006/ 037038 PCTI US2005/ 034798 Di m ni shed i mmune
protection of a nutant GP | acking a transnmenbrane

anchor domain OP protein was readily detected in the
wopessnat@ant s of cells transfected wwth the  pCT/US2005/034798
transmenbr ane- del eted vector ATM Z), confirmng its
secretion, in contrast to supernatants 5 fromcells
transfected with the wild type GP(2Z2) (Fig. 104).

aptigens énclmling tids/barhe shespbdlitishdrus IS Ippidio Rlcybdef AlNedo2 J Virel

| f enerated b oSt - t.rans {.opal :
o PG on et e ociogproRi poket ah S DFelpmp 456-65).
214: Redharkadfly, SanehiRAmettal Sorllded$R8d below deltnonstrates that use of

Virgl 72: 6442-6447), was readily detected a
cibefimerip of the pesent imensen sHows ferrrecombinanterdbnamims expressing an

k0. el i - topathigcity in .. .

SR o o BbLEhS Bt Fipdib REnTN SR chefitg foptboigon primed by a
DA gpecin€BThe ddbnbvitustweis dbund THAmRNES @SS IrAMePSD AR & intibody

towldtype protein levels (Fig. I 0A). To determ ne
TCRRAEEH Sttet HE‘I Wt dmmugizatione Zay pametbpest vaseimpigon regimes the
reBérabiRsdt VRG8I ST addd | i ) 1 i

cynonol gus ’n{a%équegﬁ?v\l}esF g@mméﬁi%% \%IQ tbﬁﬁg%glevtg&nélrl%m tmmune
regnnasithatcagrbe bovgtedi tyhre difiiEnt Ecombina@Rin)s . or Iresvnibizaatly §roduced
an\ﬁl% GP(Z) + NP protected all animals vaccinated wth

ePthier 1011 or 1012 adenovi ral particl es and '

c halNengegenM grimal @0 Gmpfoaiell Wi IRoédideft SHifdl N of adenovirus,

Ebola virus 28 days |ater (Fig. 11A). In contrast,
O%P@Ef\ﬁém booglifgesramesitiop dolloxdrgprimingwitinplasmidd2MA verg protected
aghtSt , [ 0D i nat with 1012

aden%\-g%lék' \grﬁlt; ir%bﬁ)glg mB‘tf %c%gc | vean}é%i%lﬁlﬁ ?)’/ﬁ%ge vaccimes that are
saffefor was euhinyaB3 A dveahtaptodkly, thdinvefidts foumtliteativageidation regime
uSsubs.t %nti al decrease in efficacy in animls vaccinated

et RORF\ose NBIguniggsiop, opponally prmesand bRosi igupumzatien, can be
enfpii3ed, eopBfitutid® dleeRdhl ii@SizAfon ATMR in‘ﬁbl%%{ GfliubRe an immune

protect 20 against infection. Analysis o
respapse. ageindiverent.rmune responses showed that CD4+ and

CD8 < . e I resept in.the majqQrity of |
ani b 2Fgl S RERERE e BR300 epiioierts Coeleys o sepgmbinant
viragde. g1l ddémviras)edsoding speaitigee|fiy) iRIGing! 4 TRk HEBbReCio the
wth the d f%er ences .in survival: antigen specific
Séé)ﬁ AW fp damvas resyonse Priged by rerouspadistmtion of
the(ahtFerPor r28/efcSilcl l.Ndi st ngui shabl e bet ween
GP(N% "and K{%If/i(%ﬁc%méﬁ@gg%% ed animals. Simlarly,
~ hul Aogeakral gspeneof depmames investion gdvidys it the O lof a GBeombinant
. ELISA LgGtiters re cQ ble. in all vaccinated i
virtE e ety Tornelicyn R Rl oosting g e Zpsaguse fo an antigen.
ant Ohedypdct be ke YRIseht! BVentioN hr¥@E& ARS&Rdd bP ixﬁﬁgﬁg, optionally
surviving animals. These results suggested that

- boqsEpgtanoRnG: KRSpPEIet foa A rmetigina e ad oimdividuak dthe emcthod including
' i i € i readi |y appar.ent.correlates ..
B RAARSN o  b A BAE. , RREPY, pBE AR i

encoding itiveardigse opanblprinked to RBulolhsequédes ¥R GEbdRtion of antigen in
en ?’igl GP and, NP, In the previous experinent, a |log

the djétgi gggby; expgession from K &ty aqidNwhergeys pm émppge response to the
HREOLEGhANEd drNarf ' ' AL LSS ;

ani%0121 r Ad partri cl glgl.}ﬁ%%g toa% %E}}@t %gége?bg'%%sﬁ pmged in the

“indivilvel i9 BFORR]. PCT/ US2005/ 034798 | owest dose of

ection

adepoviral vectors that. woul d_affordq, prot . o
 agdr Rk Respanss [b.an e may e pried Sy Bemit R rmyaigation,

.by feedion Weth af\HhBBichs \ll\l%élgi b Y rHe%&gpMéﬁérbff ﬁ%c‘éﬁﬂn%%@y produced

encoding GP(Z) and i ncreasing doses from
antigem2 particles per animal. Survival was 100%in al
groups receiving a dose o£2-1010 or greater, whereas
chal I enge infection was 5 uniformy lethal in the 109
dose group (Fig. 12A). Virus isolation by plaque assay
on Vero cells was negative for all surviving animals.
Pre-chal | enge CD4+ T-cell responses for TNF- a were
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10 in inmuni zed animals, and the | evels were
equi val ent anong animals in the groups that survived
Ebol a virus challenge (Fig. 12C, left). However, there
wa0w/d70Bs er ence in nore than one | og (p=0. OB/ UE1005/034798
I gG | evel s between survivors imuni zed at 1010 and
fatalities immunized at 109 rAd particles, suggesting
that such levels may correlate with protection for
t hi sAi fithst 2erech of rthe iimventioNaweviddsi 2 i mejharhtof bodiicing an immune
j [ ' ot, differ 15.significantly. .
r%%%%éﬁagﬁfaﬂﬁ é%l% %%ﬁ‘é@éﬁq’l |eeléﬂe%lﬁ|dg. Eng pYppystering to the
infinedunl p smgletdvse oftliongiveition barprisitieth BARERAT dudleic abABABSIing the
rotection Lies at about 1010 rAd particles.
P ot nmung FRmRNTEIRR erpBisingeihe snfigens o aRelpis ol encoding the
" . e vl b b o Cect _
oA 5, SORAA Lok DEARE SR WO BEL o comti
ViFgsmergagadesovituge irtohidinga niideic ofcidGBhqodingt theneiptis opérilily linked to

mnished invitr yt ot oxi.cit hat confe 20
regRls FOE e Re TRt B i R ln eFirgesion from the
meldiescidut ants of GP that do not exhibit cytopathic
effects yet retain native antigenic structures when
expri sfegher; #peqtt pravidee fort seepl) a cropryabined viogi ews mkenovirus, as

: re L£i.ed ' t oNns wer.e .
O D ERRAEES o3 BBl T iR aBo i porumipfodinduce,
opdienally tabodst ahanmase vespenss &r aeagiged. OSudhetmensBknt is optionally for

i nduct i on.of . cell, royndi ng Zﬁlﬁbut wild type |levels of ~
adgymasTaon  in- single dase HoR yorwfalleWaish peeradminisintivane i priming
coafbokiBeb@prisi httdh | - ' ami ¢
D Ol P b 1uth LBt BRRPhcltfng 6 oty 20

Sudae dotluging, boggiing, CEPHDIT coBFdsd® Bry compriec by elryl) vector,

e T TORONT TR

=y

0

- repleaidn-déficientistriin Qthi BOdioaHicdheis® AnRah NGIPA! F(ﬁ/fa‘j&( Ee% al. 1978

ensitive to changes in protein conformation I g

.Zeg%‘_%leﬁ?kf%_ 167:Bi3>-90% Bnites and Mose ISP ANAF 1S4 8P116847-51; Sutter et
oL 0L o IR PACS I Y BRI 1821792,

avigoxl a'nthﬁ,duuh we fewlpabi mdrypm,gdg NRe rs]ﬁ'aih\ldub‘ﬂh a9ALVAC (Kanapox,
onol g caques, i nized in these groups was -

el AL R4 26t 38061007 bIBePET SZBTE GeFds stomatits
virdPPhcrR brGf WphhRsR&EELY el Y (Fig. 13A). In contrast,

conpl ete protection was achieved in animals imunized

Wi t Eﬁ@@(’lzglcmmﬁﬁﬁg ROBp@itiora smaiytconmsise lﬂi)l\atnieﬁ&i(ﬁng %he antigen,

eRRivin i type GP(LZ us .NP, Ehol a GP-specific

S“"?‘e@_@%‘ ngléeger? Y%’}‘"P{Eﬁﬁh HFy{rOé%’ 8%?&1{%‘3’_1' &5?‘?3}1@ riBelels| Rt grapable of
repHtAtingi ingmahmANm elty, d 30t sebrQiNIS hdkiies tdn6@U! ot beSresistant to an

@i_ nificant differences in the CD4+ popul ation
an é‘ti\ﬁe@ﬁd ghiniediye pe forarampledamomyginoepstaids ig prafadd toehtpicillin

ca-3im. | . 1 ndivi.dual ;. di f.ferences. in the .CD8+ .
B30 ) ARy ol PHCHE i o SPSou Db e
mamamlian talleyidr instanar e dytoinbpadieas snmeiMal eatlp (QW]I? Yirhdler.

| ower antigen-specific CD8+ cellular responses ig.
13@ H?F%‘h Iﬂgﬁg pnd Raest sahodisessis picthelvagavy espeviaof dhespresent
invértioAd @tigdira Ly opd j ani . Ri Q. - T.gh .
par({fel_%. Theét{rbggflatps oﬁ?ﬂlﬁg&é@é&g?&r@rﬁe 4 Ibﬁégﬁﬁt“élh?#&?gsmg
comgsition rearyfingo and eeved demating tampgitdag thev st @@ nietdnd boosting
cor gl'ant 'bEboL\ﬁ infectiop.and that it may dimnish i
%g &% PEHE WHE S BT (fEUETRRY HOMo e %98 i PiH {iglss sboosting
conipositibies hayde dmplbledl Rfthol! Y i 0 -
1‘ﬂ%b_ol a vi r%ﬁgJr o_ut%rltrﬁéakg{taﬁei %Hggg% Fajt?%%qgmetpﬁ% ﬁ]ﬁg%@&non. In one
embo i & yiriplgeimmauniasion bsinee eaploys rRHANEn afmbtns ay a first
a licensed vaccine. Both -BNA prining and rAd vector
boosting, as 15 well as rAd-al one can confer :
protection to |l ethal challenge in an ani nal nodel that
closely parallels human di sease (Geisbert, T. W et
al . 2003 Am JPat hol 163:2347-2370). The rAd vector
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20 have not seen toxicity in animls vaccinated by

vectors expressing Ebola GP. However, because this

hypot heti cal conplication has been rai sed, we sought

wo 20mubizfops GP to elimnate in vitro cytopat hi gitys2eedosaros
retain antigenic properties that are necessary for
protective immunity. Here, the efficacies of different
forms of GP were evaluated using doses at the

bpertiag heswepositiopy epédléroMYA she wcerl doatting smqmisiiah] Btionally

L. ve.25 jdentified vacci.ne with decreased
TRy Sl Sl bOPM ritte ot BF S anki ogemecdimymistration of
onecesthar o ticth pf Gieaaine agdiffeént Foab@. | AoBtd: bpion MONANen MVA

that, alternative forms of GP confer differenti al

thepadene virs vatenably follavexd dtyisybseatient heostpe adminéstetit afwne or other
oﬂ&ﬂ?bﬂm%@ﬁhéﬁnﬁﬁ%ﬁﬂgﬂgé%@ic effects in transfected 293
cel s, e '

ut t correspondi ng ATM Z) vacci ne was | ess
ef f i T iavligent habevinkidded) e rGipecdjvei prildthepaml ®obiAE compositions
apon@unanjpﬁlnﬁ%gs a%aLnst |nf§&%$on. Thou%h cel lul ar
and’ T riftBPaP e fePPRLES SR SRepEd) Frerstql iguianiieal dut should
sHafd si2tePesy M TREDEBE RlaY COGeshBiRI i éc@tﬁﬁ% ah%gﬂgg igﬁggl'g%trpaﬂmgen or

forms, the inherent variability in quantTt €

celle O oh Segmpn Barepf e Pentiden quitspesmy aptificalr eringsr of gifidpes Way be
i.dent | i 1 e.tesponses responsible for hjgher

el 0! Yl UM SRR SRS Sl S ctigen end
xRl 325 B4 HRBveckX Y EotoRy (el dreofd’ QBN ob¥REs may be
. ﬁg&%& in antigenic qualities that are not captured by
nadech frttrce prpRss AThidhae genesipelhy Tdielngardls, especially epitopes
rebdtntz28 &l iR ARG HERRRCS ot mul ated by a

broad peptide pool. For ex t he
tran¥ heresonibinettedrupr . cadenddns erepeibeey ftenckd £ k¥pression
i fferences fromthe nmenbrane

onf or mat i anal
0%‘53%%‘%“@8‘? BB - @ﬁlﬂg%ad’é%msn rBdli PFYRRIPIG S TPk # goquence of
nugleytidyer Gofi RyHich IedndpdiaiBA DR A tihitislRAE Bt }ﬁ@%%&%@ linked

native envelope structure yielded a mutant,
donstrpapt fifoedn ithe i tditscléan opathhi sehsey stridc o dbyhle-strandbh DNA).

“ st S ' of GP contri.hbutes to .
CREADSHARRS! ekl Vohaolt s pdflh Mk S BRI ptid SiB08 spitabty
powftiowsd and odieAd 4&0kgnscriptioh $o bOimiMdEd Hymtth@pbrohddeer. DNA operably

. envel ope | ycopr.otein cytopathicity of other viruses
lin B oot < o Eraseiplioat apiaHonsteRmlpieyzstdbermromoter. Other

Li§dr Bedufefids idol i : ;
regruai sr|9 ng(it he po%g(?%% %?;ﬁt%ﬁ%aé{g%%tﬁ’?oégggeéﬁ%%gis %’lﬁé)rﬁcﬁsa?nhamer
SCQyERFRIMiLEe:. 2aDag ditgrablibdsomeleatrpkitd GRIESERnd athangkquences may be

incl B8 M A PR i Pk kP dafesd seiogfhe ordinery

pers@pskilledsinaNe aith dbe, F6108x@ oY B1d1EHULA iGlé/nin% giaidbﬁ}atcﬁ? Nifhual, 2nd
d.nfection is achieved in nonhuman primies by the ’

edifjeih pambrepk ¢t aknd P&k Folds Spyie iHarkor) FehertonyeBsen s @daryo known

technigil | cwhi ch has. been.modi fied to .
B 3l JROBEAL Bor Ao R 0 RE erifle ' preparation of
nucleic edié catstiols amoiagenesis, et egying s ingion REBNA a6 8tR%nd gene
USLngSaéFschular stomatitis virus (VSV) vectors ]
KPR I agplysip of Profee aftatlexped futslefash y Curomil Prgocols in
Moldigr Biolod90Rhsub¥Pdtafl 3ld. Ngh il @gb&eéﬁzp, vaccines for
Ebol a. However, there are conterns about the use of
VS\Buiigblg mrommaierss Sy gisnén bewatssadi émbaliments of the present invention

O R R S o .

and\aayg cihBepromoted it IseRlivEialhddinalf@kcRe manufactured to
high yields, and safety data exist for this platform

munity follows a single injection with 1010 rAd: -
particles, a dose that is24wo orders of magnitude

| ower than previously reported for this single

nodal ity vacci ne. Such doses of rAd vectors have
proven to be well-tolerated and i nmunogeni c for other
reconbi nant genes 25 in vivo and can be eval uated for
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30 Exanple I Vector construction and transfections

E1l/ E3-del eted, replication-inconpetent Ad5 vectors

were generated in PER C6(r) cells (Fallaux, F. J. et

Va0 2006098384Hum Gene Ther 9: 1909-1917) using a PCTAUS2005/034798
pBR322- based -31 WD 2006/ 037038 PCT/ US2005/ 034798

adapt or plasm d pAdApt together with cosm d

PVE. Ad. Afl | Hr1 TRAE3 essentially as described

el sedmvents priteblegtor cvtadtinisiratigh in 20@tdafic/iwithl the present invention

3a35-3342) . The..adapt or l.asmi.d _coptai ned the |eft,
OB ol hAf s oot AR e B3 pf SRS R 3 péonfo nShuding -
21,0 Defowdt, bYIPLESBINMUGNILES) at it PRk@)| CRILETIBA! CRMRU! M Ramide,
adapt or Ad5 DNA reqion (nucleotides 3511-6095 5 in
P%@%fﬁf: Adiwner, BE-@e 58 nh QOMAE, Ruskeibing, diRE-02¢ Adiutiex, CpG ODN,

' LB a o] ] under .
i
i mredibat eerdemplpte@\djuvananhhiemaprbe ddaeinSMaél include lectins, growth

ol yadenyl at i si.gnal . Adenovj ruses cont ai ni ng Ebol a
fa@ﬁ%fs\:/ C@%R‘ﬁ _a’é‘?? &“M%ﬂeﬁﬁvgi D ﬁ@wt@‘fﬁ'@iﬁeg%@ %ﬁytfer?n, platelet
ARl 2RSHE %dtm&t); @%ﬂb%@&c&@%ﬁ%ﬁﬁ%ﬁfw@? A9 b Afulocyte

together with_ I'ineariZed cos
mpyrgphage splonHsEmyiRims fastort (GMGIN, tuhor IBcnokig HactpofENE)N epidermal

el R BORE TR L2 S5 Bel Bsipy Siebflr L2 e pvoding nuctee
acidslthasefort. i n DVEM suppl enented with 10% fetal bovi ne

serum (A BCO and incubated at 37C under hunified
at istratigny off gy, bepstingicpmpetitiens is seresiyi Waeksowr meaths after

tihe: s - EDb i : noyi
N G o kT i
weeksyior il ogyedks, ot 2weckae 2dgeacks ve 28 apeks, andl wekkgect or 15

ence and, expressjon of

clo re anal.yzed far .pre

theq’?%gf\r%@é’e ﬁ@‘?“"ﬁ%‘?ﬁf’w S&‘F%%%QS%%WSWP ibPpsime s gomposition, or
pm@ﬁgeomﬁs@i@nmﬁﬁ%hmmm%@( r)y cells in 48

triple-lTayer 3x175 cn?2 flasks. Viruses were purified

by dutearamedan adminisistios of agleneNimnt vagkings oe nilasnfid galNAomay be

e e d faor ated by thre

wcffBita B AAGE CRL ol SRt Bl Bt e Vi DA, 4n
alterontivei inithtguse. di% gleylesy idjectifidévidettd adehivigiet O REuyBF Flasmid DNA

stored, as single.use aliquots at, 20 80C Virus _
SUSPERSIeN{Using, o8- Bigeta™Negte Heazedrphaavisr cantairng:the asriee (e.g.,

in béOR1R&S (Rh 'f@diﬁg] bk W -
im described proce &1$ée§19d(ig%gg§g%@%@q t pgﬁF%S# %nr%facmng
indixideallyipeepagd48esaba)do doh hemitdold tiyrapasThis seaRik Dyreat advantage
TC D50 uwsi.ng 911.cells. Ebola. G expression was
for 2 V2 %Q?e'g‘afb‘w} Rectd i fsn 2 2BABiBe) 1 & Fort owed by
anahenovirdd isGikitud At ahSadsifont SFetyRshed H%ﬁx%-inﬂ%izgté%ls. The
b .

ide.ntit%/ of the purified vectors was confirned
c]

geneygiion sef gpcopmbinant t Wrusesp 1en 2be peromplishpd\ Timmakyd q@diymey can be
i h : ter that :
maffifailed SRR Bl PaH R, o iyl R¥Sigipgon ot

- recbinbinngt 400G 69 Therefohe highhy Mlﬁt@m%afdﬂsp@gﬁgh&ici @R therapeutic
y

from ani]' no acid 651 to 676 and was created b
vacginghin oL ymans peainst fiveaseUEhishcandbrrontralled brsangnraune Tesponse,

Th . S . o

0 SR IOmRY B £iRlanP o @Rkl Hak (iR B Ihiltn and
genkiatine i qel lngnwwer espanse o ¢t 3@igen iIDVEMeneffipdrelmsnd édrapeutically

o % fetal bovine serum (A BCO. Transfections to
venglid Pt

_ protein expression and cell rounding were
periiestnEetly, ladéfisefidnS witl thlve $eopBMACRE hindeh ! genBbitc®an immune
6-wel | plate using calcium phosphate (Invit rogens

resppRadIgaingte pashagen ondisedse belgrednfestion @AlewEopes/od 3FHABBms.
PCT/ US2005/ 034798 i nstru€fi ons. Protein expression
was eval uated by SDS- PAGE fol |l owed by Western bl ot
with a GP-specific antibody kindly provided by A
Sanchez. Animal study and safety Cynonol gus nmacaques
(M fascicularis), 3-5 years old and wei ghing 2-3 kg,
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nonkeys, housed singly, were anesthetized with

ketam ne to obtain bl ood specinens and to adm nister

vacci nes. In conducting this research, the

wovmedrisgasor s adhered to the GQuide for the Caceusmos/o3479s
Use of Laboratory Animals, prepared by the Institute

of Laboratory Animal Resources, National Research

Council (National Acadeny Press., Washington, D.C.,

1996 DisehfesTdnd dimeddrs thae Ingr Be trohtby ob@esvetlict 66 atfifdance with the
Assocj ation faor sessnment _and, Accreditation of

PEeSE Y tion Apelnda B Pk aloNBIg TeSPaRES; ma¥ G, & rotective or
HeegHsh@E rgfd)r | chment according to the Guide for the

Care and Use of Laboratory Animals (DHEW No. N H

86- 23»)0mpBe¢1mr t» B edrainistared.m mdwaatdlamegmthlﬂn:b presenh évenidbn may be

rlmsn the animal s re mai ntained in the
e i o R RR oL SOBRRIORY ( HGEses FoLRREag i comprise a
pnhﬁﬁkaﬂma@ habept&ﬁel\@;@me CHRNbEES QRLARE: 6P dtHeL E&%enals well
nol gus nacaques were_inj ected intranmuscul ar | y wt

klaown @0 iosg gtiied i the, pid. o$uch| mptgiee showdd betrondoxie and should not
I

S s Y P IR i oot

miaterigh mwaiyt Bef@n® onl tlef ronte alf mihaaiktritioal eONindaf@@ug cutaneous or

]\{}agr et dose of é[ 00 PEFU EBOV (Zaire species) at_four
BieasoypBYaRpRosel 7.8 BYL).IHFARATahARTURUSCNY, SpiiFaResiianeal routes.

ef f egt sotedl a‘dﬁﬁmﬁ?&%@ﬁ Yd ﬁr%ra%ﬁﬁﬁ&ﬁlfé‘hh&f‘ sﬁfﬁﬁtﬁ%&% 6F MEFmuscular.

acutely. The Ebola virus used in this st
or i ghiquid p}la@mcamtmbcmnmuam genatally lmqlmhcatlephéh@am shetom water,

V4 JahrlLin
o4l Fatc ek, 482 Sl it R somtis®isil . BRYipiGRA saine
schtinmd dé}m'ose/ orr ¢therl s@étiﬂar@dﬁjsoﬁitbﬁbr oiye6lk Sudes eﬁﬁr[efn@ %g@gl opylene
described (Sullivan, N.J. et al.

vi ousl|
glF(%fﬁl?FBO by YISWIWPE‘Y%SHF ‘—lﬁlﬁﬁicyt ometry and ant i bodi es
Tra I n
szr‘?‘e%m‘&g‘%ﬁﬁ% Bl OIS HEkioh Gy BRAGR o't of
afflbibn t tharactives '@@teﬁfens el e (ig gee s bfy 2 pmmefﬁlgf dayeplﬂrble aqueous

f t Th |
SRR bvightnstipe Bhd B SRt iar ity o sigpriby.aThose of
ren;@mrmsed WiE adt RGIRRT O BrephrEGouitalle REEOM H&iﬁé ©fdr example,

secondar‘\‘/3 anti bodi es 30 (JackSon | mmunoResear ch

isqtemis Mekigles égchaasoﬁoéu@n&hlomég paieetiopeRinger onj@tions ingtatesl Ringer’s
In% gtlénc ° Preégl% ¥~'\’,‘E‘)ﬁqaclﬁﬂ ns d n %"b la@?c@é%qﬂsban‘ﬁ%rf (fcﬂg% 3R may be

mdyd«dnmleund Fl omJo anal ysis software (Tree Star,
I nc) 33 WD 5006/ 037038 PCT/ US2005/ 034798 ELI SA

Nunct ﬂﬂ?ﬁfﬁ]& Qrraiationgnagbeemmlpied.  Rochester, NY) were
CoatP%ﬁO\m h?l%ﬁﬁ’éti%ncﬁ a(ieqlema?( (gérvs]t ﬁ%%ﬁﬁ@‘%&%lﬁﬂﬁ of such

i ncubat ed AC unti| use.
paviisies intomompesitionst ﬂm@aﬂWmmhm%datw@redeb at é@rlividwa, particularly
ix times with PBS containing 5 Tween 20.

ok henrv\@l shed S
ﬁn@%f) PP WBT'E diluted in PBS containing Tween 20 and
1 Y%Adetigistr@ainf mag énoadibthed | hAMBEL Q. F RAGK: Wch rhstrﬁguse rat or
Ag-coated wells for 60 mnutes. Aft' €r’ washi ng pl a
haggster, wnipss pig, ywobit sherpi 2oabmas hote qom donkSiedrigoweat.

vas Pbhfotioh SHMPANE" i s BT ARGy BB ‘ESmr o

“thémpaﬂtcaﬂy ¥fe8ignamhast (asot}Bh@rsMr@z@eﬁe aslidegh grophylams may be
¥egL chl orlde Tabl et Sets (Sigma-Aldrich, Loui s,
ARy, 1S dstnecuffiderde tsyowé?na@t terthp medividpelp s actual

am@fmtrh‘&frfﬁﬁ!;tel%ﬁ [ #hda8 ahlt BrRaorsb oFEahafnds SR %ggﬁﬁpen&g? 2}6 nature

performed. Neutralizing anti body anal ysi$

anp st ofpseht liebting ireaibd. vPresainsionef ecgmedt egd desisions on dosage
previ ously described  (Yas$ 2004 J Virol ,
78:5642-5650). Briefly, 293T cells were plated in
10-cmdi aneter 15 tissue culture dishes and
transfected the next day by cal ci um phosphat e reagent
(I'nvitrogen) wth pCWARS. 2, pHR CW-Luc and CW/R
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transfected overni ght, washed, and replenished with

fresh nedium Forty-eight hours later, supernatants
cont ai ni ng pseudotyped virus were harvested, filtered
whrzonsgph7oas 0. 45- m pore- size syringe filter, anCI/esw03034798
in aliquots at -80C. Neutralization assays were

perfornmed on 20 HUVECs (Canbrex CC-2517) plated in a

24 wel| plate 1 day prior to infection. Virus stocks

elge e withiswibe resgorsibility ©f fgenerdl tramitioners thé ofreesedical difctors, or in a

. f i ni.zed _cynono macagues. . The culture
VB ORPR TR b e TG e dtniden i b eoeted
thehendition 6f the individ®Rd batidnf) thdWitc[Hf ASIBRER 18 mBAbY O RBBnistration and

107689) at a final ~concentration of 5

Si gnma- Al dri ch,
Oé"ﬁ‘I? ?OTW@WI Priséisipnerhf Bxamples ofdhe techpifees| apd eeptoends mentioned
'ﬁﬁ’% e i o - X
2R AT %e %“1'%3. “‘L}Sc%é : Elofl S P ?‘;\é}l@yﬁ %@“é%{ Yo tion, Osol, A. ed,

C

19 ng a Veritas Mcroplate Lum noneter from Turner

Bi osystens. I ntracel | cyt oki ne | ysi s Peripheral

bl oo nBErER areen bRAE e naRey Gufiaebly inkuhwsoraty) ot a
dés¥ ') GMSrogfREARUS) Mﬂﬁn@iﬁﬁ&i&?%il@?g@%f@@@é@b QPreferably

_over Ficoll. Approxi n%el y 1.x 106 cel
infpmnpseplerlaiat adosof pk 1KRPM x 4@ pamticle@itB@Tonf or 6 hour s

at ' i- and. .CD49d tibodies,,brefeldin _.
A, gﬁh_g %@giﬁg * OF d%s’lrﬁ%o]:fe P Sef_%-ﬁrfé'ra g‘ép‘faida &5 ispenser, which
may ectiin @nc oh endeb ahie d6dRed Birfne coMAMiNDthe SLHR Rkre@RAN The kit, for

rea%%n frame, The peptides were_ 15-ners overlggflng
X aFRRTIFe tdalettt plasticpied) sud 3sco pligierparkat The kit, pack, or

-4 i - . 038
dl%é%%% e 8%&@?@?@%@2&%@% " and

pen n”.ea@ﬂ?@éibn@&ﬁﬁ@ﬁﬁﬁnisﬁ&i ilﬁgfcdirdn c@jﬂbkiaﬁS?]W)th other treatments,
. nted with T n,20,.a stained. with.a m xture
citl R BRSNSl gl ol e Penciagt b troated.

CDA D4R, to @R8n-hlihen nafeh 21

run on g@t?:ACSnCaI ig%ur or@E&Aéggio,&rE iglgﬁrgrﬁ{ger g}%}]ﬁs?g%oﬁ%ﬁﬁtgmaybe

for i I8 @R epariEnIc) RoWeXtPRE instanee Gainverdighiim & thedmpigny beanmune

' i oot S S s followed b

re%%%{_é? EIDQ{ Qﬁ%ﬁgn %%ﬂif%ég% g.,%gt%t%c%{é)’zl\gg stgibsggsl;efqr 8&%0 Zens.

Popificdtibdifisatives ef Ebals BProstiibize Ve cdiye BffichcyGPNoARGman Primates

antH;ggg positiv%%y respectively. Cytokine positive

cel I8 GR¥PIAP JurapHE! HRola VarsinschungyeAdy¢aters, W ise analyzed mutant
fortrRAAVEP YR whidly IRNEEY, 0

events we re alyh giléy ze dﬁjgngﬁllégi g&ﬁg@%dﬁee& S%T%é O’F%ogl%h we have
proyiauskrrepdited dhatideletiora of the emcitedaniib etimimtsaywtaddin (Yang, Z.-Y.

f;0 es_ rit nd under st andi ng, one . .
ot L PURIRET (BB b athatis et 208imBg Soids, climinatng
ma@ POGRSlIT 2h8 BRANGDitofR! PrdviGRHaREuFBEEd iR, vitr? cytopathic

departing fromthe true scope of the invention. Al
offeqtyy of £&F, may iy msdiatgd it ayyeanitheees]l surfage| dnd aequyicet emtsgiembrane

w0 S e T BUILCRY Bt A1 0N o . e

' 2000L KirEigy | 298:20-26) Ohdl, €5.Cy aei @l w08 ClIGenC PIFpr BEDISE-8159). An

pol ynucl eoti de encoding a nodified filovirus

altegmative 3peroatinto  thp plimingfion of the| (Frinduespiecyionatiic affeats was therefore
HaTorct ' 9.7 1 N0, aci .

wq%%g@i CFUSIngfﬁﬁiﬁgfgmggz@gddﬁﬁ%ﬁwi%mgﬁggﬁgégﬁgﬁdgﬂaﬂmmnc
domaiss.ti on in the GP of other strains of filovirus,

wherein said at |east one am no acid change decreases

in vitro cytotoxicity and retains i munogenicity when

conpared to in vitro cytotoxicity and inmunogenicity

of awld type filovirus G°. 2. The nucleic acid

nol ecule of Claim1, wherein said ami no acid change is

| ocated at amino acid posiiion 71 or 102 in Ebol a

Zaire GP or in a corresponding position in the GP of

ot her strains of filovirus. 3. The nucleic acid

nol ecul e of Claim 2, wherein said ami no acid change is

E71D or GLO2A in Ebola Zaire GP.
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bl ol ADSL Spradkion! RhdTe@uildler? b NeHERAIL promid Yevefsl

4. The nucleic acid nolecule of daim3, wherein said
nodified filovirus GP is encoded by the insert of SEQ
IDNO |, SEQID NO 2, SEQID NG 3, SEQ ID NO 4, SEQ

WO 2Mg/B7038EQ | D NO 7 or SEQ I D NO 8, or sequeMoes2005/034798

avi. t |east 95%.idenptity.thepetn.. 5.  The nucleic
(el LS proRstipf o el 6P Bt of JauiGbrdne anchor
dacddi ng said nodified filovirus GP has a sequence
taken _fromthe insert_of gE_Q IDNO |, SEQID
C

, NO. 2,
SEQ (A8 wotein wagdpadily ofested dE the spnqenaantssed pells transtpoted with the

F j 590 j '
bl Bl ve AN, M Bs bl BT bbnatants
froue badisdransfectedrolitachie eildftypenGP @) (Figl B0AE HurthernZorb,. sydtheds of the
lLeic acid nolecule if

tl regtouely e ogps ol OB, eaperaied B BNp A ORAL prigessig (Volcikov,
VEHTRY 4151999 750yl Qb §-436] ShnbiRl & Ukl i1ho@ Y70} 7&@42'3&5,7), was
I or 2-5. 9. An adenovirus conprising the nucleic aci

rendily defleeted fat sonppasfblcieyelrs Delefionbf3he tri®mesubrane domain eliminated

ar,maceutical .comositi.o i.sing, the nucl.ei c.acid
SR Yl PR G4 G o VG e ol e 10m),
i

dose. 11. A'vacci ne conposition conprising the nuc 'eii\o?)' To
deteinafnersthsthet éheoATHhynuddnt ofithé Feird siain ToBldoprotagk against infectious
- ified filovirus GP of Caim®6 in a,pr | actically.
SR rofihgh b Dibhiotihs SapRinet itk a8, PRGN il fhcping e
ahd efRIATADY | 61 GR(AN BhivaMon Wik LHZ 1 ﬁ??ﬂrﬁt@&&d all animals

that is specifigally reactive with the nodifie
vagoieteritith aihent O or 10 hedsnowiml partintes Redichaflenged with 1000 pfi of the
fact yry . LC nt, t @.bopst, ap. i e.res se .
2R i, S SSCTE ! @B, I TR P
dédpeaseDili hriigdlsf eb@ving Wse BPVIY) Chain® GmOthe tddp vaccinated with 10"
reconmbi nant virus of Claim7. 15. A nethod o

0 - . f
adeapviFal cafiGlepy PEPtRRITP ty tvensi dretreaedaby SRfumd at 10, by 66%,

: { { N8 Qi -S|

SRR Btk o eBldhied Bodelen iRl oo O i 1 s P +

NP @r< 059 Qh at i?ar!ﬁtédéxfpbﬂﬂeﬁtj L@V ipatifl SR FATVG 2618 Riled & protect
The et hod of aim 15, conpri'sing further fornulating .,

agapst yfestigan Apalysis o celrmicdisind pwRe teRpwEenghomed that CD4™ and

i i c i - equ
CBY| EEL s8BaaSCRBY REE AL llonBl RECAMGR by 3 wegks post-
inmnhnerigstion $Eigd 1 {8, ileftre] msldée fanaterespktively)mmd didchoo torrelate with the
ki ng the nucleic, acid | ecyl e of any of d ai 1 or
GTERCRS o fiy FRTYRG PSSR PR LG ot UBPOB oS SFFRPUERI by Iniracellular
i i ) At . L E S ] )
© pr odeﬁc(e a é)ggggn%dllﬁgn‘é’&\e/i yggﬁ%@“ﬂ%@é%d bgff%%t% EEGEE% e?ﬁg ATM(Z)
vaacingiedahmealy. e Sirhilanly hofno@ll dinmemE respongsshnedklred Ay anti-Fbola GP

mEE oS 168 rRRnihRs i SlpaemorRbainile- 1! [y Gt pancD
Neatelikibs NetitodyQltersbfard Bv{}'dgng wegé ?bsibﬁﬁ_ﬁ lsbmb %ﬁb&ﬁg@g %mals. These

encoding nodified or w y I 1 ovirus
repy 612378 shavdeletior 0O the (3 ragmembrane domain reduces vaccine efficacy,

R R g Nt

~ DifftaSHhaRims] PrbtectChidARY dodERARSME o with % A vaccine

. AND HUVAN SERVI CES, THE
encoding GP and NP

In the previous experiment, a log decrease in dose of the GP(Z) + NP vaccine was

protective, in comparison to previous studies using 10'* rAd particles. To establish the

28
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CRUCELL HOLLAND B.V. Sullivan, Nancy chakrabarti,

Biimal Yang, zhi-yong Grazia Pau, Maria Goudsmt, nap

Nabl e, Gary J. <120> OPTI M ZED VACCI NES TO PROVI DE
WREHEETI0BN AGAI NST EBOLA AND OTHER VI RUSES <#(30us2005/034798

NI H316. OOlVPc <150> 60/613, 883 <151> 2004-09-27

<150> 60/ 677,606 <151> 2005-05-03 <150> 60/679, 767

<151> 2005-05-10 <150> 60/701, 694 <151> 2005-07-22
lowds Qs 0f Flehp @ vestdfs 1thai2ow@id @foBDprotelfOn- against Hdwla infection, a

Fast SEQ for, wi ndows version 4.0 . <210>.1 <211> 6426, .’
doé%ieéBOYgWéE/i‘é SV BPLOTHy s "‘("é‘&&lﬁn‘f"“&ﬁﬁ‘?umé‘%d‘%@ rAd vectors
enbSHRH G A) ang 3O A3k @asingGlosaaras ¢0% 1o t108GRER esqReABlki&E CSurvival

gagacggtca 60 cagcttgtct gtgagcggat gccgggagca | )
wasdOa%gaallgreurs gugoien dasa gt iy geperestor, Whesge ghigerge infection was

t t I sat a .

o030 1P S B 0012 1200 VAGTALIGN By BIROANLIE v
ceHamal fpatee Pt alhgativig adibals.cCPrtdhgliepa (D40 datdlagiponses for TNF-
tgtatccata tcataatatg tacatttata ttggctcatg 300 .
o ﬂ@aeawma@egﬂééswieg nyedenshy o dmgniyed corgemelgry asragyes (Fig.

t cagkt 3C q g in& b ¢
128, 08 ool ARk g g ik 395 AnE T BRRE cxcont for the

higlgarspatesinamgrndat ¢6> cAd atrtiges gAhiigeatspatifia Igtdtvas afs¢ generated

m ggg’é’ﬁff?‘gt%&t’%ii 3@3 g%g{;%%g rerg tﬁi‘%&%@%‘%&”@%&?gﬁﬁ%ﬂ% the groups that

suPRARI ORI £ AirdsAdan &R YFigA CAC AR R | BolbaRClbARasO P fifference in more
tgacggtaaa tggcccgect ‘ggcattatgc ccagtacatg acctfat %gtg .
thapcenet logt(pe0.68Y intdggd batwerncTwGiyorstimpepizedtat g0 and fatalities

. tattacc tgat t cagt C . .
b LS EELT LPRHAGER b on, fol Mo B SRR i prction
for/ 83s GRubaai@0tghidn t Mebirilizfge anitddaaités apeg0aP did not differ
_tttccaaaat gtcgtaacaa, 84Q,  ctccgcccca ttgacgcaaa

s:t@%:@@@g@eg@ew@ng @.5(] faé@@g@ ﬁiét 1263, éllgg‘ag 5sege%11ts indicated that-
th Uk GRid o g%%%ﬁ? g&t‘éctﬁﬂlaii&g GE L BoBRdR69CLa g%&i%feg?t Yihbrefore,

‘ttgacctcca aagacac cgggaccgat ccagcctcca
subsegermt egpainientscwere taaricd ogt gising gbis K020 to tgomet sensifivity to detect

.gaggccgcca tccacgce ttgagtcgcg ttctgccgec tcccgect gt
ditfsgtes Parhecic dolgberte v S RgTSEd gt aagt ¢ t aa
Idéfifficaaon of R P8ft I80Gnkl4{th diminished in vitre cytotoxicity that confer

effective immune protection
We sought to identify other mutants of GP that do not exhibit cytopathic effects yet

retain native antigenic structures when expressed iz vifro. Relatively conserved regions of
GP were identified, and point mutations were systemdtically introduced. GP proteins
bearing single amino acid changes were screened for decreased induction of cell rounding
but wild type levels of expression and reactivity with conformation-dependent antibodies.
Substitution of aspartic for ghitamic acid at position 71 in Ebola GP from the Zaire or
Sudan/Gulu subtypes (E71D(Z), E71D(S/G), respectively) abolished the cell rounding
phenotype in transfected 293 cells but did not alter protein expression or reactivity with
antibodies whose binding properties are sensitive to changes in protein conformation (Fig.
14). |

The E71D mutants were evaluated for their ability to induce protective immunity

alone or in combination with NP. When E71D fom Zaire and Sudan-Gulu were combined

- with NP, survival of cynomolgus macaques immunized in these groups was diminished by
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ctttgtccgg cgctcccttg gagcctacct agactcagcc ggctctccac
gctttgcctg 1200 accctgettg ctcaactcta gttaacggtg
gagggcagtg tagtctgagc agtactcgtt 1260 gctgccgcgce
POO00AGeEY acat aat agc t gacagacta acagact gtt ceetAsmod/ gh4798
1320 ggtcttttct gcagtcaccg tcgtcgacga tatcgccgcc

at ggagggcc tgagcctgect 1380 gcagctgccc agggacaagt

t caggaagag cagcttcttc gtgtgggtga tcatcctgtt 1440 Page
33%@ 2606, BIROBEIPEILUSA)05hEBATSE complete protection was achieved in

NI H316. QOLVPC . T cg ttcaggatge . . .

TR ) LB CRRRY v X Gimadwetving witd e

ARLL s a0 EhadiGl-S5R1RUSHHIECh WBHGHIEAGCIARLAHF i¥lcellular
cctgaacctg gagggcagcg gcgt gagcac

agagcgtggg 1560 cc : : ) N ,
steginseic oadjd getshowastatistodly pigngficeePdiffersntesay tegCD4” population

cqgt f ¢ ccaagat agt gagct a c cga gggccgagaa,, .
ofER Yo BERE At B2 Y05 HE RBGL o oY Havicua
diffpegicgcit the O trépba did A6k coBGBEOWER QavBAL ik GRere was a trend

ggt%caggta cgt gcacaag gcccagggca ccggecccctg 1300
tved dagisked gryvelingsoups ydthgawgrantigenspecificCPB gedlatpacesponses
ICtgRC 8 ca al.c..5ac GGt cge -
O aaaL ok L AE% A% Ehd AT FREGEh Hfutated in an
m%tgglgz@i aromals (RiggEsdy; cight jmoelat Taggsaggtdg bgeritehdllagfgathat NP
aacacca agct actacg cgcaccagcta tctagagtac .
Y B9F b ARoRE 110 SEYETB ATTIEEY Jeatsighbole daieetdngtnd that it may
dihGAgH piREHos e 36@bMal WilhAGEEE mqmwg&s%%% lower limits of
ccacacccct cagttcctgt tccagctgaa cgacaccatrc cacctgcacc
pratpetiyeYagsige 9a®8  caacaccacc ggcaggctga tctggaccct

c_at 220 I t
C qaoapiacid ARAGHS o JERNARTCI SPGB UG Rl ghagnoe of
tré@fient optivagegy ticerstd ageineg Bl PAORGeidHnd SRCHAC GRfor boosting, as

il SRRSE BaRe Chratiee aiea a5y oA cngiade g del that closely

: t . C
PERESIEB RS € Ay SR T

vegtwa ggegae ccoafermd cpratyatiac gt agcameleR2B&10 va@irieC BigiaEC in nonhuman
acca ca cacat.g gat caggace _at cgg ca,ggcccagcag . .

P S Re o P A A R 0 B  HSE icy

haf GREROBRARAAGAGRE CRACsLRAEE EBAIE THLCRAE ©f IULUREBHE SBmponents, we
gcgt gat ggc caccgaggag cccaccaccc ctcccggcag 2700

haye geicreen dexieibe iiceupely vaepiratechacces gapressing Beotly &faadawever,
7 t )
beb 36 TS Bpotieicn SHARAM RN 558 ROSRURER] frodity op 1o

eligae) de t Yoo gotdmdddnaygaguhy Gadgerid PEaMALS ahaC aCARYSGry for
caacccca acgct gcact a ct ccgcc

2880 .caccggcaag t : a
petachys SRS Ty e Eisg0ies Ot giert frmstaf gl percavaluated using
do@&t MCHYCHRRAECHCHIRMGY SR UGS A6 GHIRIALG G ion A0 del. We have

gat gcacaac cagaacgccc tggtgtgcgg cctgaggcag ctggccaac

Jidentjfed aceaseingOBith dggeased ge ayra tybpabiviyn tyy getamed aGmunogenicity

cgagct ga acct cca tcctgaacag 3120 gaaggccatc
ne%%%%%%?g%“ﬁ@ﬁﬁgﬁ%@?%ﬁﬁ@ggcacc t gcaggattc tgggccccga

318@We GlrC tHAC AtemBREL GHARCEF T YRS ARMEBARALRRAGMe protection.
acaggatca accagat cat 3240 ccacgacttc atcgacaacc

iop g decnEl deeaepenckrare dereyjn belished) gytgpralic gffe@8d0ransfected 293

D
t ta cgacat cqg cat.cace at cat cat _

o S A5 SR oS St SR B
prod@fiag noahaniC hasaey againdt Gefeofidic C TR cdlfuft 398 HW¥moral immune

cagccatctg ttgttt gﬁcc ctccecegtg ccttccttga ccctggaagg
resporses wergdadistinguishaile between groenstraeal ving thetdifiegnt dmmunogen forms,

o . ttet attct

I
abitityateaddanify dahgnt ggggnsdsgrgeingible dbic hihed glrviak C ag8BéEaively,

t gaagaattg 3660 -30- _
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acccggttcc tcctgggcca gaaagaagca ggcacatccc cttctctgtg
acacaccctg 3720 tccacgcccc tggttcttag ttccagcccc

act cat agga cactcat agc tcaggagggc 3780 tccgccttca
woOcewae™y Ct aaagtact tggagcggtc tctccctcce tPEl/USgeE4798

0 . C..C .
ATYHEA el SERAGRRIRCEHOYREN i RAIAN: YR ABIRI U B captured by
medstarRastoftotglagdaagipreifit (g agaaatclioht agakiht tespéfsts stimulated by -
t aaggccat tttaaggcc, at cat ggcct _taatgttccg cttgetcget
a b@é@?}%ﬂ@ ecgo o 2Hor S &E%H%?sg&p}bewg@%g@%@gsec%ﬁed and
like® HoGRGLBrAMIMAPAAGEnGL FRA REFERRE: anbhAEE gl%@é?ig. Subsequent
at cagggga t aacgcagga aagaacat gt gagcaaaagg ccagcaaaag
modifid@iong cfaihg aglycopyiteiaataarsipin aoeghreye afadorpnt tand cc more native
t aggct ccg ceggect ga .gagcat caca, aaaat cga .
o OGRS vl G R, SA08 i IRE A PERUB AR HIRET. Roconty, i
has! Bé&haagE@ktel t HGE ARk UEoAAUGE CGRt EorBiBagr it Girdlt BicbM60atnding
cctgccgctt 4320 accggatacc tgtccgectt tctcccttcg
(Mogisaseamat B b g 2O0TY Jror 870 H5e5) F6 05 netgwardist thetthe envelope
giyéfﬁ%géih %g%g?@%oag%‘f%%& vﬁﬂ&% %ﬁ&?gscﬁ'g 99 fih a9 &?%?cg%ﬁﬁﬁg and

C ccgaccgctg cgccttatcc ggtaac
fusigh ¢Chgalgtet al: ABO6 Y iral ADRI0-1BGA); aigagtthe poesifsitiggcthat Ebola GP
ggcagcagcc act ggtaaca ggattagcag agcgaggt at 4560
shargy Bogedesicagagtt cttgaagtgg tggcctaact acggctacac
t AGHAGRACAHHEAR ofHott EBAIL LA Rfa&lﬂﬁ%%ﬁﬁﬁesgﬁﬁ%%qﬁg #nportance of
gttaccttcg gaaaaagagt tggtagctct 4680 tgatccggca
develaping adieonsgaceut fyduggt ges. t This repogishpye dwt godaptive tnmunity
ATA4 acgcgcagaa aaaggat ¢ t caagaagat, cettt gat ct .
sseif ool GEIGROR QB Aol RrARe ok Aei@hfip of antigen-
spedifi@ a0 tespdngé t6 alsiridablenl GRAFhRAGARbEn BodtBE&Dto eliminate in:
_acctagatcc_ttttaaatta aaaatgaagt tttaaatcaa tctaaagtat .
vitrg ege #itfeedp oTheyeqeplgigied pcolpa ghreissy hantigea begartepeated using

Vescﬁtgﬁ%aﬁ%%isc{/ﬂsc CvddthS (RhES 8, ﬂ/?sé% all E(S(ﬁ}gf\lﬁf?fed ublished
ccatagttgc ctgactcggg ggogggggggc gct gaggtct gcc cg’tgaa

onlib®dfhe Ba209g), gtalidatotegthe poatiae of ag@ies dar Bbalgc diwmdver, there are

catccagcca gaa a 5100 agccacggt., t gat. gagagc
congeFESERG 2 U5t G RE LS E MUBER AT DoGRAEEt i FUisa g ompetont and
deritdst 9616 ACHAARHIY hathSfentt! IninsANGA TR Y84iEEE HRdrA £ V&3 Crbdine is

caactcagca 5220 "aaagttcgat ttattcaaca aagccgccgt

nongeigeiing gan bageygelacivgd de bishoidds asdsdety grtaaaishfarais platform.

atta aat tctpattaga a foC gt at.caa aa C
s IAGR o c e, BIRTD A AR0EE <ORR A IRR00 9hdbss of
maghR@eCiotvet thah Pr&adisBa@pdrdQor Shedasla edclabiycasgae aguch doses of

ttccatagga tggcaagatc ctggtatcgg tctgcgattc 5460
rAd ygeiens hgve proyat i hegxrlhtolesaied e ipapunogenie (s pihegesambingntgenes

in vRHbAaETR %%%&gpﬂﬂ%ﬁ%%% PBHOLBHE dlpng gr in DNA primerad

boogitcgaymatdns. damatnipatbgwith dactrgdatrtctaggf FIGDEY ¢oBTAHEHE) was

. ttatgcattt 5580 _crttcca tattcaaca cagcgeat .
effestiye sepiog infestious chaflenge &@%@ﬁ%g%éﬂ Pr%%%aa%efﬁmt require NP.

Eling%%%ﬁt CHP Fah! B 9aedind AAF IBHAFu AR A6 QI8 rAg Patidldsad not

aaggacaatt acaaacagga atcgaat gca. accggcgcag
dimigsshpadegivo and sigapify the vBRa0: for fvnradevdepment tryammandrials.
ggatattctt ctaatacctg g@‘.{_@%&i&t ttcccgggga 5820
tcgcagt ggt gagtaaccat g g gagtacggat aaaatgcttg

Vecfor ¢ahdtpgdpnwddraidadond aaa ttccgtcage cagtttagtce
tgaccatctc atctgtaaca tcattggcaa 5940 cgctaccttt

gc EEgrdelged gapbetionincompeiesicAls vgeget Weteceenerkasainic BBR C6°

ol (e RS N A AP LB T078000 o PAORRR E 3pRa22 bused

‘cgcggcctcg agcaagacgt ttcccgttga atatggctca 6120
taacacccct tgtattactg ttta'ﬁgt aag cagacagttt tattgttcat
gatgatatat 6180
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ttttatcttg tgcaatgtaa catcagagat tttgagacac aacgtggctt
tcccceceeccec 6240 cccattattg aagcatttat cagggttatt
gtctcatgag cggatacata tttgaatgta 6300 tttagaaaaa

Wwo2aeA3 AR Jggggttccgec gcacatttcc ccgaaaagt g CEAOC$0652G4798
6360 tctaagaaac cattattatc atgacattaa cctataaaaa
taggcgtat c acgaggccct 6420 ttcgtc 6426 <210> 2 <211>
6424 <212> DNA <213> Ebola (Zaire) <400> 2

aflpyergplgéhid pAGAPatogeteg GlidRaaads FWEQRLAAHL TYRAUS  &5&Mially as

agacggtca 60 cagcttgtct gtaagcggat gcc agca

dguBhapeeetiere IATEERM dugtelsg0y! Vobirol TRISHIIG). The adaptor
C t t o)

PhEARPGSH ARl A0 pBHibCA0E8 DR RRIA IS 19835 Hollbwea by
tramszeptaenal conditol elgaeniy gnd 4t adapiat wglgmtrbgoﬂ(mmgiosoo tides 3511-6095
.t tccata fcataatatg tacatttata ttggctcat, .
it A8 I OR Gt e ARt A B at oot I B agon pasetisdn A adaptor
pR&hFR AlaC radfLrip@iaD c6ftd] oItk GRlBHC AuCRAGh 3hB%iate-carly CMV

gttccgegtt acataactta cggtaaatgg 420 cccgcectggce
Progpier gadc Hieat 4l mb@gerwgatmng t Adenoatrnsya @ytanting thhola GP,

o R 501 B0 S0 L TR BB FARR paapt o
Gaadhatiad fpethal GRE WINinABYEL 65:61i@ pWIAAUMAGIBORES containing the
tgacggtaaa tggfccgcct ggcattat C ccagtacatg accttatggg

righit parten &€ s @dSt gapgosgioaRE acdls atsirteafipofictapine (Invitrogen).
ta 72 .
PRGNSR 8% DA RR a4 SHPL I8, v s

((1BQO) agd eabged) at@ii*Ct gidet hugidied GGAGPEcrt G8@T0%080,. Homologous
ctccgecccca ttgacgcaaa

tttccaaaat gtcgtaacaa 840 1 .
re{;%@ew]jai % gengralign o pybigEeale GRrvamisesy delgnodpl vectors in crude
ly@st fekt ﬂi@q&g;%ﬁ‘%ﬁ Ustn ﬂﬁﬁtﬁ%céﬁlﬁiog?%@ %%%‘3%\66%1%25; WG9 vector

ttgacctcca 9 t agaagacac Cgagaccaat cC
cloneg yore gualyzed tfot petdnce acd egpressgm dDRO raogene tRpsitive clones were -

cgceca tccacgc . Lt gagt ¢ag ctgccgec, tccegect gt
a3 G et e P5idion G0 BEEScral b el 375 o
ARGt Vag@songagasigung sthadhd t7blsleflCey Prifibt GhtklBrifugation and
Sugggcct acct.agactcagcc ggctctccac gctttgcctg 1200

ey desplied ead dramiptest bntessrogsesatidialysiy steaginte GREB-CL pH
1 COtteo t aat .
8¢ Wrinfid s aBberdl” PRARAF A ALAECEED:BE A BBHE 5o atiquots at -
80%@agvm pg‘ti?le givp) ditena wepd d?eltmgﬁ&i ay %Qﬂ%@]iﬂintgs tgtﬂgﬁp&%nance
. cagc cccC ca caagaggac_ cagc C C
i g GRAD BaP s O teaa T NGOGy EaHEbIRD dycit teal. 1997 Hium
G Oy 9288499, CRAGHMy F0E %e&egee%yaﬁ@m%ﬁ% %@096115. (bl GP

cgt ggacaag ct'ggtgtgca gggacaagct “gagcagcac ccagc
CXpPFgEyuY v EuRpsSERbY ndtctiam of Ag49 adtpgivHaeel by atalgisoafculture lysates

on AT c THe G000 8 SRR COROry ey aeBiabes Y BC Ry dgsesession
vedtbi8 10 £1, GUPOARIASATNI 308 IR 3nALRLEGREN S QHY G- promoter that
tgcctgeccg ccgececcctga 1740 cggcatcagg ggcttcccca

haypybeppadagtebed gprguiaudndSuitivay Mgdcet dc GHOR detige MIBB05-609). The

acgaca

e B ARG dYbEE omciR 20T SoacA Ganqt Y sieie By digbatiog with

=)

BspPEGG6! Sndigl FeddE® TOA! CeGefiiiNasnnid 388 oadfhed four extra

aaggacttct tcagcagcca ccctctgagg gggcccgtga acgccaccga
&

aminggigids g thedtaaginua gveyea go3 gonaldtidmeygelcwere cultured
. 0) .
i S S S 5 D T B T R 255 565Bms to e

protein expression and cell rounding were performed in 293 cells with 2ug DNA per well

of a 6-well plate using calcium phosphate (Invitrogen) according to the manufacturer’s

-32-
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attcacccct cagttcctgc tgcagctgaa cgagaccatc tacaccagcg
gcaagaggag 2160 caacaccacc ggcaagctga tctggaaggt
gaaccccgag atcgacacca ccatcggcga 2220 gtgggccttc
WQQUBs@aAmeR agaagaacct gaccaggaag at caggagcy aBuaysSHeran34798
2280 cttcaccgtc gtgagcaacg gggccaagaa catcagcggc
cagagccccg ccaggaccag 2340 cagcgacccc ggcaccaaca
ccaccaccga ggaccacaag atcatggcca gcgagaacag 2400

inshgdigas aFipigngeatpstion vas ayduagbly SRIgRAGEdollgwel by agetern blot
1 Gt ccac t gagcacca gccct cagtc
W A SR o P RS B B5868 2o caonnc
Animsictghdindad@gct gga cat cagcgag gccacccagg tggagcagca
2580 . Page 3 WD 2006/ 037038 PCT/ US2005/ 034798

NI H3G B o srscoregauesT (Mxvardadaiady youwsaddang weighing 2-3 kg,
o REREE HohP CovARE IRERCFsell Cof GHGHRFGAEEP %ﬁgf%:néeg g%aeglmeln@ The

cggccct ccg aaggccgaga acaccaacac cagcaagagc

mogfgas,doosgl sHgly) wecaamesibetired vdAlideeitagn @R dabRYE @fecimens and to
gacaccg

BB AR SRR SRR 20 ORI e o

(e

the 82Pe afid) 056 oY DEEorGBRL UBMAA pFpaiea WIRE LRARYAGE Rlfratory Animal
agggaggéga t cgt gaacgc 2880 "cCagccCaag tgcaacccca

Resewrce anaéﬁgwc@eﬁmm@éﬁﬁmab@c@e@wg@gmﬂﬂ@om D.C., 1996).

e cthcagegece cecgeccga tctaca,

THEOREREaY R B G LEERL AR  A i B Bperediiion of

Labonag?g @?agaloctagg beanagfhnay W@M%Im%%ﬁ%@ﬁf&mrdmg to the
C ctga caccac cgagctgagg accttcagca tcctgaaca

G4t e G B TRe SERPoelry dninea GaNBINOGYBE§64ER Before Bbola

viru§ CRALALE Gnd QYL EKOFF Qcﬁoexggrﬁlggﬁt,g BAl E&mgag C\F?(%g %{%ntained in the

act ggacCaa gaacatcacc gacaa g accagat cat

M@@@B@e@dﬁmﬂlgmggabmw @B -gomddal anlhggdeddaipacgacaact
t ggaccad. t cag tggatacctg ccggcat cgg
Dd%%ﬂg%@%ﬂ%@“@ &ﬁ?ﬂgfgéﬁgg@tgatcgc 3360 tctgttctge

at cCysaadligusd ©8éQhéchete ags&&ght &&ﬁus%htaﬂ? SatGE 1.9%H %@%ﬁ Slikture of

. 3420 ctggt&%cca‘ ccatc %_t gtttgcccct cccccgtgce
Immpagans 7 clee dosgsalgivalgd 3480al ekrdlengx was pegbundd by dnoculation of

t et t1gt ct t 3540
Ty TR —
dOStBtg@ tg’ria@thBEU K 150109 t(m?g@aﬁ@ a’; ?@ﬁwggggigﬁr e ﬁiﬁfi?gﬂlgﬁunizaﬁon. No

cta ag cc ctg aagaattgac cC ccte
advepsg e 65 i A0y Gy eocHB R BEELObPeTed eTiedn. FewBlde gius used
in Bi62udy G DeigHallP oBthind %?%toat fa‘éaglggﬁﬁ&géﬁu&&?ﬁ&%%%nner Zaire in

ct catagct c aggagggctc cttcaat cccacccgc
1993 dgjrties. Ty Byately 094 drdic Frolchight 1Rl 85040)C aColR84éh of serum and

o550 SR R0 S SRR AT NS, v

et a QEYNaaig4e60RGIMYCa tagaatttta 3960 aggccatgat
ttaaggccat catggcctta atcttccget tcctcgctca ctgactcget

Flowytomefry and gnfikodiest cggct gc ggcgageggt at cagct cac

tc t Q. atc agaa, .t a
CHAREAS Lo FEali Rl e b PRl SRS pr)
incubaggawitic gbnted dgagoablit aoli-5OPIRIY Gortint {deh&6ily PAASILICHF Br. A.
cce a 4200 , gcat cacaaa aatcgacgct caagdtCagag

Sang%egbiﬂg ggg@n&%% ¥Ggdke pellsavpe weshed 16(e vbdgged PBS containing

2.5% e 1o0R8 Bhf GaLHhYHed GGAL FPFEC BJ{ ?Ec%ggg%gtég 5%18)&@%? gn?i%odies

4320 cggatacctg tccgcctttc tcecttcgg
(Jacksant InmanaR egerdabgutragodid Sigget adspéctivelg) forBIt Sinutes on ice,

ol G, By oA ey 2g Batibied aygeraarken Difkinsen gl Salibu:
flonagaasabaa] FASRR ndloss Stk ira (HEOSEATHGY cageagecac

tggtaacagg attagcagag cgaggtatgt 4 aggcggt gct
- acagagttct tgaagtggtg gcctaactac ggctacacta gaagaacagt
3.

4620 3

|
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atttggtatc tgcgctctgc tgaagccagt taccttcgga aaaagagttg
gtagctcttg 4680 atccggcaaa caaaccaccg ctggtagcgg
tggttttttt gtttgcaagc agcagattac 4740 gcgcagaaaa
AQPPAI36d36 aagaagatcc tttgatcttt tctacgggot crgepogLbO®479s8
4800 gtggaacgaa aactcacgtt aagggatttt ggtcatgaga

ttat caaaaa ggatcttcac 4860 ctagatcctt ttaaattaaa
aatgaagttt taaatcaatc taaagtatat atgagtaaac 4920

HILI3atl ct gac agttaccaat gcttaatcag tgaggcacct atctcagcga

tctgtctatt 4980 tcgttcatcc atagttgcct actcggggg .
ggggdiEedEmiga dlrdrfrriaics G uea dachaird Nihiertcged with Ebola GP

@%8%%@‘? Sxé;?eﬂ%‘fa&&sgﬂﬁt inEARRAGALER | AUC C A% ARG i9AHREENs were
gccacggttg atgagagctt tgttgtaggt ggaccagttg
cotrigdtont tig@oncietpergotd Blaes weargthenogghal six¢iret gutht PBS containing

Tathef At e PO 0 10 ECOg e b Gao B8 [k Sk ifaprum and
ARG Q6L ROeal viADAe ABCRARAGHMNs HPEE fRfitdsC Aﬁ@tv&a@mg?lates six times,
aact cat cga gcat caaatg aaactgcaat 5340 ttattcata

gealg gali-humen aksCa dHaLatChenmieapa aberacylee g€ ceogiugaiad gtea dgeseradish
a at t a .

e BAE et A0 FRRGRET ol T 1EAAR 1BaOGROAAIGEL by Sigma Fast
odtehyiticdiimihé Oelodtabloridadablat Setg (SigmatAdddgt, ShA2Mis, MO) and the
gagagat cac cat gagf gac ,gact gaat cc ggt gagaat g gcaaaagctt
OBtE‘ii‘ig?fiSﬂt&twaﬁ% m’t"@%o ég%ﬁf‘f’?‘?@‘%‘irﬁ’égﬁ%@ g E‘&b%a&gtt‘f"%e © assay was
p tcat caaaatcact cgcatcaacc 5640 aaaccgttat
tcattcgtga ttgcgcctga gcgagacgaa atacgcgatc gctgttaaaa
NsuGolizipgastibodyaanadwsiscc aggaat cgaat gcaac cggcgcagga

acac C catcaaca 5760 - atattttcac ctgaatca .

ot at POTE P ERPEITHED 1t Pedhd BTl % aBFbusty described
(P40 g g amseTsal 365G CBH MY 293V RIY dataflara il QUL @@ liameter
ggtcggaaga 5880 ggcataaatt ccgtca&gpa tttagtctg ]
tigsae shidure dishes apdduasfededibe ggeiday by salsiym ¢ 1eggent (Tovitrogen)

cat - at
"Bl ARG S RO e SRR FEEHER AR s vere
trinafat@catmifnanished) aad fpbdished adhdicsly thedimibd, t RiatyCght hours later,
cggcctcgag caagacgttt cccgttgaat atggctcata 6120

SupeHIRRES Qogtateg RECHIIPe Ags WepdRT S tlicreddhtongh ¢ 84Pyan-pore-
Sit;zeg%%'gl%@‘ﬁi&r, GiBQorell gr?&lﬁ[u)@tag-@aét ¥ i ?zaﬁ&?&@&ﬁ‘%&e}e performed on

acaa’cgtggctttc cccccececece 6 cattatt gaa
HYOH Gt @lansorey GO26 T plated datag 2 ovpligeletadadat pricrgadnftian.  Viros

6300 tagaaaaat at tt,ccgcgc acatttcccc . .
SIS W R AR B e R dout T e ERGeF L PHEL dom immunized
cyEfRl guaaﬁaaa%@b.a gha aliifure aeai ok aPfen@Id Gohl the cBife’dhd reflbéed with

6424  Page WO 2006/ 037038 PCT/ US2005/ 034798
thy i ergon wediageche gresaner ofqmivpsers Gigme-Abdrich, 1Q7689) at a final
c %ﬁé@lgﬁg “ ng)S%?'lLVI r’?‘ishcgé%lg)%gt’ infleidh celid A0 dysed and assayed by

cgcgcg t9 cggt gat gac ggt gaaaacc ]tctgacacaf" §cag%nt cccgy
Lgaesg tssay Biktent dPohlegh, CE1 590 A1G8 Yy alugfegg gadeey was determined

gacaagccc ,tcag% cgcg tcagcggatg 120 ttggcgggtg
“ﬁ*‘&fg‘ggﬁléﬁaﬁghﬁfﬂ’]é VAP TR n&%@ﬁ‘%@&ﬁ&?"?ﬁ%a ct gagagt gc
I&meump%k&ggmgf?%gaaat a ccgcacagat gcgtaaggag

aaaat accgc atcagattgg 240 ctattggcca ttgcatacgt

t gt ateripheral thbadaatonomclear aetls AGPBME)ggete atodpt@Ddiom cynomolgus

mé%ﬁﬁ%%ﬁ%l%%l%@%%&%feg E)tr S%%l‘ca?i%ltl %%rtFigng. gglg:}}rg}g}nage%; { 1% ?b@geﬁls were
stimulated in 200 pl RPMI medium (GIBCQO) for 6 hours at 37°C with anti-CD28 -and -

- CD49d antibodies, brefeldin A, and either DMSO or a pool of 15-mer peptides spanning

the Ebola GP Zaire (Mayinga strain) open reading frame. The peptides were 15-mers
overlapping by 11 spanning the entire E?‘::;ﬂa glycoprotein at a final concentration of 2
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ggggtcatta gttcatagcc catatatgga gttccgcgtt acataactta
cggtaaatgg 420 cccgcctgge tgaccgeccca acgacccccg

cccattgacg tcaataatga cgtatgttcc 480 catagtaacg
woaaeagyga ctttccattg acgtcaatgg gtggagtatt (BCHOI2BEEAE4798
540 tgcccacttg gcagtacatc aagtgtatca tatgccaagt

acgcccccta ttgacgtcaa 600 tgacggtaaa tggcccgcect

ggcattatgc ccagtacatg accttatggg actttcctac 660
ug/tglgc a:gaﬂlan?ﬁZeg fiaedtadd pagicatiizedCcwitht FACSaLged (Betk@C IWibkinson)
ttfggcagta, cat caat ggg cgtggatagc ggtttgactc . )
Sllge]@eﬂgafgat with Cyegn 2fc %ndaétéléle%tv‘flgﬂaa eipture gf @a&zc@g@ against lineage
migkls! @i e (95 A06RIIRDICATEY Uad Cicld: 19GAARRL %g%s 3758%un on a

840 'ctccgcccca ttgacgcaaa tgggcggtag gcgtgtacgg
FAGEdatigurcer BRAGE daigaad abdfredagoigabe seftwaye FhadogtPositive gating for

agat cgcct acqccat, .ccacgctgtt, tt ct + N i
S e U B at ot S Pt do YR g Y L ek P CD4
gﬁﬁ@%ﬁ%%ﬁé?@&la&ﬁ@ tetelfftherORIGGES B Gti-COAIAUNE GRETDS positivity,

ttgagtcgcg ttctgccgee tccecgectgt 1080 ggtgectcct
regeaid vl g Crtokipe mgsitiveecligaag defined asgereenginge vghimtesyigdividual

G T Y

gt t aacggt g gagggcagtg tagtct¢gagc agtactcgtt 1260
gct cQC gcgccaccag acat aatagc, t gacagacta_ acagactgtt

cct t Y eraihg pieson mysghion hasibeen dessabadan sopie dejeit i pygposes of clarity
anfl AnASEGAGR ARIRARAGE tlOATEN hirodiat tat YSAGH &%&%m in form and

agggacaagt tcaggaagag cagcttctic gtgtgggtga tcatcctgtt
detpala@n o mgdayifboutt departjoa tiipm dectrgggoge of dicgmeesima. All figures,

cacecct aqgt ga a 1500 t cgacca t gt gc

3 R oG e el e g0 6 s dfired to above,

ar€hdrgBaaEdrPordRd BY eFgefcedCgt gagcac cgacat cccc agcgcecacca
agaggt gggg 1620 cttcaggagc ggcgtgcctc ccaaggt ggt
gagctacgag gccggcgagt gggccgagaa 1680 ctgctacaac
ct ggagat ca agaagcccga cggcagcgag tgcctgcctc ctcctcctga
1740 cggcgtgagg ggcttcccca ggtgcaggta cgtgcacaag
'gcccagggca ccggcccctg 1800 ccccggecgac tacgcecttcc
acaaggacgg cgccttcttc ctgtacgaca ggctggccag 1860
caccgtgatc tacaggggcg tgaacttcgc cgagggcgtg atcgccttcc
tgatcctggc 1920 caagcccaag gagaccttcc tgcagagccc
t cccat cagg gaggccgtga actacaccga 1980 gaacaccagc
agctactacg ccaccagcta tctagagtac gagatcgaga acttcggcgc
2040 ccagcacagc accaccctgt tcaagatcga caacaacacc
ttcgtgaggc tggacaggcc 2100 ccacacccct cagttcctgt
t ccagct gaa cgacaccatc cacctgcacc agcagctgag 2160
caacaccacc gacaggctga tctggaccct ggacgccaac atcaacgccg
acat cggcga 2220 gtgggccttc tgggagaaca agaagaacct
gagcgagcag ctgaggggcg aggagctgag 2280 cttcgaggcc
ct gagcct ga acgagaccga ggacgacgac gccgccagca gcaggatcac
2340 caagggcagg atcagcgaca gggccaccag gaagtacagc
gacct ggt gc ccaagaacag 2400 ' ccccggcatg gtgcccctgc
acat ccccga gggcgagacc accctgccca gccagaacag 2460
caccgagggc aggagggt gg gcgt gaacac ccaggagacc at caccgaga
ccgccgccac 2520 catcatcggc accaacggca accacatgca
gat cagcacc at cggcatca ggcccagcag 2580 cagccagatc
cccagcagca gccccaccac cgcccctagc cccgaggccc agacccccac
2640 cacccacacc agcggaccca gcgtgat ggc caccgaggag
cccaccaccc ctcccggcag 2700 cagccccgga cccaccaccg
aggcccctac cctgaccacc cctgagaaca tcaccaccgc 2760
cgt gaagacc gtgctgcccc aggagagcac cagcaacggc
ctgatc.acca gcaccgtgac 2820 cggcatcctg ggcagcctgg
gcct gaggaa gaggagcagg aggcagacca acaccaaggc 2880
caccggcaag tgcaacccca acctgcacta ctggaccgcc caggagcagc
acaacgccgc 2940 cggcatcgdé-tggattccct acttcggecc
cggcgccgag ggcat ctaca ccgagggcct 3000 gatgcacaac
cagaacgccc tggtgtgcgg cctgaggcag ctggccaacg agaccaccca
3060 _




ggccctgcag ctgttcctga gggccaccac cgagctgagg acctacacca
tcctgaacag 3120 gaaggccatc gacttcctgc tgaggaggtg
gggcggcacc tgcaggattc tgggccccga 3180 ctgctgcatc
gagccccacg actggaccaa gaacat cacc gacaagat ca accagat cat
3240 ccacgacttc atcgacaacc ctctgcccaa ccaggacaac
gacgacaact ggtggaccgg 3300 ctggcggcag tggatacctg

WHA C it caccgge atcatcatcg ccatcatcgec 3360
—*——Jgggggggﬂgngggtgcaagc tgctgtgctg aacacgatct gctgtgectt
qt agt tYeeRleR480d @%%letda&{pr@ﬁggg %ﬁ%{lclt‘égﬁ&c Gl&Ghe 2 modified

_ttccttgacc ctggaaggtg ccactccc gtcctttcc
filovirusaglyenpaeteip Eifabavingyet Eastgumt 4ngino cicigh ghamge tlogitebbételeat amino

.1 w3940 tct t t C agcaa gggggaggat .. |
acid 71780 i NG BRI RRRE R REGGRE GRuaegage position in the
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gact gaat cc ggtgagaatg gcaaaagctt atgcatttct ttccagactt
5580
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gttcaacagg ccagccatta cgctcgtcat caaaatcact cgcatcaacc
aaaccgttat 5640 tcattcgtga ttgcgcctga gcgagacgaa
atacgcgatc gctgttaaaa ggacaattac 5700 aaacaggaat
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ttgacgcaaa tgggcggtag gcgtgtacgg tgggaggtct atataagcag
900 agctcgttta gtgaaccgtc agatcgcctg gagacgccat
ccacgctgtt ttgacctcca 960 tagaagacac cgggaccgat
ccagcctcca tcggctcgeca tctctecttc acgcgecccge 1020
cgccctacct gaggccgcecca tccacgeecgg ttgagtcgeg ttctgecgec
tcccgectgt 1080 ggtgcectcct gaactgcgtc cgccgtctag
gt aagtttaa agctcaggtc gagaccgggc 1140 ctttgtccgg
cgctcccttg gagcctacct agactcagcc ggctctccac getttgectg
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ccggcatcct 1380
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<212> DNA <213> Marburg virus (Angola) <400> 5
tcgcgegttt cggtgat gac ggt gaaaacc tctgacacat gcagctcccg
gagacggtca 60 cagcttgtct gtaagcggat gccgggagca
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gagt ggt gac agaacctgga aagacaaaca caacagccca gcctagcatg
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gtgagtcgac
tcgggatgcec
agcttcaagg
ataggctccg
acccgacagg
ctgttccgac
cgctttctca
tgggctgtgt
gtcttgagtc
ggattagcag
acggctacac
gaaaaagagt
ttgtttgcaa
tttctacagy
gattatcaaa
Tctaaagtat
ctatctcagc
Taactacgat
cacgctcacc
gaagtggtcc
gagtaagtag
tggtgtcacg
gagttacatg
ttgtcagaag
Ctecttactgt
cattctgaga
ataccgcgcec
gaaaactctc

tcecgeggtce
cagcacgaag
ctccagggtg
ggtgtaggcc
ttcgtcctca
gcgaggcrog
cgcgttgcag
ccagcaaaag
ccceectgac
actataaaga
cctgeegetrt
tagctcacgce
gcacgaaccc
caacccggta
agcgaggtat

tagaaggaca
tggtagcict

gcagcagatt
gtctgacgct
aaggatcttc
atatgagtaa
gatctgtcta
4cgggagggc
ggctccagat
tgcaacttta
ttcgeccagtt
ctcgtegttt
atcccccatg
taagttggcc
catgccatcc
atagtgtatg
acatagcaga
aaggatctta

e

a§§rc

cgtgt
tcctcgtata
gaggctaagt
tgaagacaca
dcgtgaccgg
ctctctteeg
atggccttcc
gccatgctgt
gccaggaacc
gagcatcaca
taccaggcgt
accggatacc
tgtaggtatc
cccgticaac
agacacgact
gtaggcggtg
grattrtggta
tgatccggca
acgcgcagaa
cagtggaacg
acctagatcc
acttggtcig
tttcgttcat
ttaccatctg
ttatcagcaa
tcegectoca
aatagtttgc
ggtatggctt
ttgtgcaaaa
gcagtgttat
gtaagatgct
cggcgaccga
actttaaaag
ccgetgttga

g ygtcAs attﬁbglﬁﬁtttﬁﬁ)cgc
QPQP tqagt% twtacagg
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ccccgtatac
gaaactcgga
gggaggggta
tgtcgcecete
gtgttcctga
catcgctgtc
ccattatgat
ccaggcaggt
gtaaaaaggc
aaaatcgacg
ttceceectgg
tgtccgectt
tcagttcggt
ccgaccgcetg
tatcgccact
ctacagagtt
tctgcgcetct
aacaaaccac
agaaaaggatc
adaactcacg
ttttaaatta
acagttacca
ccatagttgce
gccccagtge
taaaccagec
teccagtctat
gcaacgttgt
cattcagctc
aagcggtrtag
cactcatggt
tttctgtgac
gttgctctty
tgctcatcat
gatccagttc
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agacttgaga
ccactctgag
gcggcgttg
ttcggcatca
agggggocta
tgcgagggec
tcttctoget
agatgacgac
cgegttgeig
Ctcaagtcag
aagcrcccte
Tctcectteg
gtaggtcgtt
cgccttatec
ggcagcagecc
cttgaagtygg
gctgaagcca
cgctggtagc
‘tcaagaagat
ttaagggatt
daaatgaagt
atgcttaatc
ctgactcccc
tgcaatgata
agccggaadg
taattgttgc
tgccattget
cggttcccaa
ctcectteggt
tatggcagca
tggtgagtac
ccecgacgtca
tggaaaacgt
gatgtaaccc

Aoecididte

gcctgtcct
acaaaggctc
teccactaggyg
aggaaggtga
taaaaggggg
agctattggy
tccggeggca
catcagggac
gegtttticc
aggtggcgaa
gtgcgctctc
ggaagcgtgg
cgctccaage
ggtaactatc
actggtaaca
tggcctaact
gttaccttcg
ggtggttttt
cctttgatct
ttggtcatga
tttaaatcaa
agtgaggcac
gtcgtgtaga
ccgegagacc
gcegagegea
cgggaagcta
gcaggcatcg
cgatcaagdc
cctccgatcg
ctgcataatt
tcaaccaagt
acacgggata
tctteggggce
actcgtgcac

Lys Arg Trp Gy Phe Arg Ser Ay MaIT/@%2005/034798

3780
3840
3900
3960
4020
a 4080
4140
4200

5400
5460
5520
5580
5640
a 5700
5760
5820
5880
5840
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
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Asp Pro Ala Thr 435 440 445 Thr Thr ser Pro G n Asn

Hs ser u Thr Al a Gly Asn Asn Asn Thr 450 455 460

Hs Hs G@n Asp Thr Qu Qu Ser Ala Ser Ser Ay
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Ala Trp Ile Pro Tyr Phe d yProAIaAIaGIu Ay lle

Tyr IIe 530 535 540 Qu Ay Leu Met H's Asn G n Asp
Gyibew Ile Cys Ay Leu Arg @ n 545 550 555 560 Leu
Ndlksrﬁ?ﬁ]u Thr Thr G n Ala Leu A n Leu Phe Leu Arg

g N SN0 %75 Thr Gu Leu Arg Thr Phe Ser Ile
Leu PN VIYS X3 ™ e Asp Phe 580 585 590 Leu Leu

440@argTrpGI Ay Thr s Hs Ile Leu Gy Pro Asp
oygt @9’5"350@’”6@%3/ Ié?s'-qul glrgLau Wo AfgSATRs praPpe Tiys Ak

I
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Val 1le A
ngr Mﬁé Sl L%esms@su 6510 6136A9agéy Mﬂ Ala Thr Asp va1 §5°
Ser Ala Thr Lys ggg Trp Gly Phe Arg Ser G?y val Pro Pro Lys val
’ 90 95
val Asn Tyr Glu Ala Gly Glu Trp Ala Glu Asn Cys Tyr Asn Leu Glu
100 105 110
ITe Lys Lys Pro Asp Gly Ser Glu Cys Leu Pro Ala Ala Pro Asp Gly
115 120 125
Tle Arg Gly Phe Pro Arg Cys Arg Tyr val His Lys val Ser Gly Thr
130 i35 ' 140
Gly Pro Cys Ala Gly Asp Phe Ala Phe His Lys Glu Gly Ala Phe Phe
145 150 155 160
Leu Tyr Asp Arg Leu Ala Ser Thr val Ile Tyr Arg Gly Thr Thr phe
165 170 175
Ala Glu Gly val val Ala Phe Leu Ile Leu Pro GIn Ala Lys Lys Asp
180 185 190
Phe Phe ser Ser His Pro Leu Arg Glu Pro val Asn Ala Thr Glu Asp
195 200 205
Pro ser Ser Gly Tyr Tyr Ser Thr Thr Ile Arg Tyr Gln Ala Thr Gly
210 215 220
Phe @1y Thr Asn GTu Thr Glu Tyr Leu Phe Glu val Asp Asn Leu Thr
225 230 235 2490
Tyr val Gln Leu Glu Ser Arg Phe Thr Pro Gln Phe Leu Leu G1n Leu
245 250 255
Asn Glu Thr Ile Tyr Thr Ser Gly Lys Arg Ser Asn Thr Thr Gy Lys
260 265 270
Leu Tle Trp Lys val Asn Pro Glu Ile Asp Thr Thr Ile Gly Glu Trp
. 275 280 285
Ala Phe Trp 6lu Thr Lys Lys Asn Leu Thr Arg Lys Ile Arg Ser Glu
290 295 300
- Glu Leu Ser phe Thr val val Ser Asn Gly Ala Lys Asn Ile Ser Gly
305 310 315 320
GIn Ser Pro Ala Arg Thr Ser Ser Asp Pro Gly Thr Asn Thr Thr Thr
325 330 335
~Glu Asp His Lys Ile Met Ala Ser Glu Ash Ser Ser Ala Met val GIn
340 345 350
val His ser Gln Gly Arg Glu Ala Ala val Ser His Leu Thr Thr Leu
355 360 365
Ala Thr Ile ser Thr Ser pro GIn Ser Leu Thr Thr Lys Pro Gly Pro
370 373 380
Asp Asn Ser Thr His Asn Thr Pro val Tyr Lys Leu Asp Ile Ser Glu
385 380 . 395 400
Ala Thr GIn val Glu GIn His His Arg Arg Thr Asp Asn Asp Ser Thr
405 410 415
Ala ser Asp Thr Pro Ser Ala Thr Thr Ala Ala Gly Pro Pro Lys Ala
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420 425 430
Glu Asn Thr Asn Thr Ser Lys Ser Thr Asp Phe Leu Asp Pro Ala Thr
435 440 445
Thr Thr Ser Pro GlIn Asn His Ser Glu Thr Ala Gly Asn Asn Asnh Thr
450 455 460
His His 61n Asp Thr Gly Glu Glu Ser Ala Ser Ser Gly Lys Leu Gly
465 470 475 480
Leu 11e Thr Asn Thr Ile Ala Giy val Ala Gly Leu Ile Tthr Gly Gly
485 490 495
Arg Arg Thr Arg Arg Glu Ala Ile val Asn Ala GIn Pro Lys Cys Asn
500 ‘ 505 510
Pro Asn Leu His Tyr Trp Thr Thr GIn Asp Glu Gly Ala Ala Ile Gly
515 520 525
Leu Ala Trp Ile Pro Tyr Phe Gly Pro Ala Ala GIu Gly Ile Tyr Ile
530 535 540
Glu Gly Leu Met His Asn GIn Asp Gly Leu Ile Cys Gly Leu Arg Gln
545 550 555 560
Leu Ala Asn Glu Thr Thr Gin Ala Leu Gin Leu Phe Leu Arg Ala Thr
565 570 575
Thr Glu Leu Arg Thr Phe Ser Ile Leu Asn Arg Lys Ala Xle Asp phe
580 385 590
Leu Leu GIn Arg Trp Gly Gly Thr Cys His Ile Leu Gly Pro Asp Cys
595 600 605
Cys Ile GTu Pro His Asp Trp Thr Lys Asn Ile Thr Asp Lys Ile Asp
610 615 620
Gln Ile Ile His Asp Phe val Asp Lys Thr Leu Pro Asp Gln Gly Asp
625 630 635 640
Asn Asp Asn Trp Trp Thr Gly Trp Arg GlIn Trp ITe Pro Ala Gly Ile
645 650 655
Gly val Thr Gly val val Ile Ala val Ile Ala Leu Phe Cys Tle Cys
660 665 670
tys Phe val Phe
675
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