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t he extrewe amwiraoty of highly disfiguring surgical thecamsoioiodsas been

i nperative to devel op new strategies 2o treat and prevent invasive

mucor n%_cosi S. One of the underlying factors in predisposition to fungal
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and nmeqlieesmddsis ovaithe ek 6o HERdEd @ReREncTECAl, VLR T S RBllagenesiss-end
provi de effective therapies without adverse effects. The present invention
sat i sf (94Dnildierrchas aliocbegn o0 iplremingetisetin dheioislancepigmuaeoribesis SUMIPRY OF THE
| NVENTL R fhe BEOL IRDEEIAE & 5 RERFAIIRALR Qitbld Aatled Mdhlis diag! osure.
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pharmaceytically acceptable carrier. In addition, the invention provides a
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addition, the invention provides a pharmaceutical conposition for treating

or pref®weing a fungal condition in a subject in need thereof, including an
antisense, a small interfering RNA or an antibody inhibitor of FTR sel ected

fromt P . I e t i iall
conpl | R TeERIES (6! M0G0 e MG R AEAARAE 0 0sd heSilBBhARE 2 ),
i S subptedisposihg faconsyEmenget avidetspreat! shepieil dditidearent gfithesnfeciet andal aed bases

of FTR sequence;..a nucl eoti sequence that is su antially .
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nucl eokhdier. b&ags (&f ), FEtRRe ¥RRese, AR ANB BA8Yin6t &bt 'Plﬁﬁg&eléﬁiégf%@l); t her eof
t hat SE§0| fically binds to an FTIR pol ypeptide or a fragnent thereof; and a

phar mabwahimeeilal.y (2803 prptot K woneClningranddiennait,rsugra; SuganddiM., dgenttdfe

i nventjpn provides thod of tr i or_preyenti a f al, .c ition,
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i munogeni ¢ fragnent thereof In addition, the invention provides a nethod

for tr afliﬂé%» preventing a fungal condition in a subject in need thereof,
i ncludi ng exposing said fungi to an antisense, a snmall interfering RNA or

hove. RoABe MAAIcI PR (AFER) Ears (R oh e el e e B ence (SEQ
| D NO trédtmend afhnGsivsankcarbéosas 0d9 s BenausOtheAvBdukhi8 Telatively resistant to AmB,
high doses are required, which frequently cause nephrotoxicity and other adverse effects
(Sugar, supra). Also, in the absence of surgical removal of the infected focus (such as
excision of the eye in subjects with rhinocerebral mucormycosis), antifungal therapy alone is
rarely curative (Edwards, J. (1989), supra; Ibrahim et al., (2003), supra). Even when surgical
debridement is combined with high-dose AmB, the mortality associated with mucormycosis

exceeds 50% (Sugar, supra). In subjects with disseminated disease mortality approaches



Fi gure 2 shows Rhizopus oryzae high affinity iron pernmease pol ypeptide
sequence (SEQ ID NGO 2), with Genbank protein ID. No. AAQ4109.1. Figure 3
shows amwo 2aov7®equence al i gnment (a) and dendrogram ebx/usesiosiiRzof R
oryzae having 46% and 44% identity w8sh FTR of C. al bicans and S.
cerevisiae, respectively. Box on am no acid sequence alignnent indicates

t he coh¥%6 (HusaREeyat, fhitilfferhlis Vet 1r 20 08B De Becauseof dus heascoptablyikigh.
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or yz aeingjsepmtvei td dsdbmnew kitategiey tongeat and praveat inoassvedhuédrmycbdigure 6 shows
the gromh of S. cerevisiae fir] nmutant transfornmed with vector expressing

FTR. Figure 7 sho hi.gh atfinity i.ron uptake py.S.. cerevisiae fir] nutant
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enpty vector. igure 8 shows the percent survival of diabetic

m ce (mucorbQrosinf Fon évreqhiréd By vistuply ell asicrobrab patbdgeistthr gromth aadeirulence.
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SUr Vi Veburdng chitRr idiay suelrad @ansterrih. ARNARS se§uestriidh SPRMEE iroass 8@l ned
by TagMan assay. Figure 10 shows the percent survival of DKA m ce (n=20)

(A) ankbst defense meghgaismhagainsh pthegenq fung), spbjeets treatedivith axogenays iIRN or yzae
t i t.h: i i : I hd; +
bt ur af e fedine bl SELEERRY L LA EMARE otthoRle HECHATHGS"

pl acebwhichis adsecitted vda moetaligrud 8006 f While defer@aingide Wi 4 ¢helr&lfBomehe

i ncl uded as ,negtati ve controls. *p <O0. 0%, vs. placebo or deferasirox +iron.
Fi gur ePIIPSHBWRE the BUBR Masls  ReditPORITEUbIFCisia THIRERYRSHIUSIY 82 deni nat ed

micor ”Mg%?g%%g{)%?glyg% é}%\é@@?l lrﬁirﬁ@ailaMeQ?O%rtﬁe bﬁfl@ fdffbi h 105 spores of R

oryzae ua velin. At indicated tine points infected
brains were renoved and total RNA was then used for real-tine-RT-PCR
anal ysTher¢fore) tindre exiptsra neednforeimmopndBard methpdsthatieanedecedtbe sk ef served as a

negative contral. Val ues. are expressed as avera + S0 Fi shows the
R R e e e e L Ui R e
eXpr espiehéht ShRnto SdtisTiBEtheidet @hd o vidds relasdtidetintagel)asell. E st ai n of brain

infected with R oryzae; (B) brain section stained with rabbit polycl onal
anti body to GFP then counter stained with FITC C?ﬂ ugated anti-rabbit

anti body; and (C) DIC corﬁWMAB%QéTgHMMY‘)EHJH uorescent R oryzae at

the tine of infection. Arrows denote fungal elenments in infected brains.

Magni f i talcbRiAncewiR he drhisiifieds3 oSN id NEs FYALARE, 88 breBbRGAVARIBR pESides
result of an RT-PCR assay show ng | ack of expression of FTRin R oryzae

t r ansf ava@inasontpositian] mchiding ankER pblypaptitie; Of amantigegicTEIgnent ebthgar ed to R
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t ar get yax@ide Udmposition, including a vector having a nucleotide sequence that is substantially
complimentary to at least 18 contiguous nucleotides of F7R sequence, a transcription
promoter, and a transcription terminator; wherein the promoter is operably linked to the FTR
nucleotide sequence, and wherein the F7R nucleotide sequence is operably linked to the
transcription terminator, and a pharmaceutically acceptable carrier. The vaccine compositions

of the present invention can further include an adjuvant.

In addition, the invention provides a pharmaceutical composition for treating or preventing a
fungal condition in a subject in need thereof, including an antisense, a small interfering RNA
or an antibody inhibitor of FTR selected from the group consisting of.a nucleotide sequence
that is substantially complimentary to a portion of an FTR sequence; a nucleotide sequence
that is substantially complimentary to at least 12 contiguous nucleotide bases of FTR

sequence; a nucleotide RNAI sequence that is substantially complimentary to at least 18



Fi gure 14 shows the percent survival of DKA mce (n=8) infected i. v. with
R oryzae transforned with enpty plasmd (control strain, 2.9 x 103 spores)
or with RNai2opl@3send targeting expression of FTR (FTR-i pCca/uk20a0h0826 por es) .
*, P<0.001 by Log Rank test. Figure 1% shows Aspergillus fum gatus high
affinity iron permease nucl eotide sequence. Figure 16 shows Candi da

gui | | i eontigudirs nimlestidatbnbasiof TR ssauensehammansibedy: oe antikedy Seagment therqof ghate 17

shows As L Lus, Tl ay hi gh._af-fi ni i j equences.
F gur o R ALy R o A T RoAbe R OFd babinPl REEGE 338 BHGERELAGISECRE 50
sequengéseptaie eXQilfdént OF DAVIBECT/ US2010/ 000820 6 Figure 19 shows a concept ual

nodel of the Rhizopus rFtrlp helical bundle protein and translocation of

iron fromthe el>1<t,racel | ul ar, setting . nto the c togl asm of Rhi zg.;t).us speci es.
Fi gur e Iperditigudhe igyentian pypvides st IRfatRn et Pray ‘Hﬁ’gﬁxﬁ(‘)’f‘gﬁ‘lé’éln rhon,

synt het &/ {: i rdB; o) | ' 1 B&AThd

DT oo g S e R R AR RARRE A oSS, s
puri f i e@dmipyogdnicaamage of eh &k pttbeptiteer ad immunhgenix fregment thergef. din 28 |1 ¢cD in
the rFtrl.p cl pone but not en E.. coli s transfor.nmed with enpt. | asm d.
i qur e et RE Tgiier BoviseS e ok uFingd S HFLER S b SRBB AT 5
107 speirgeot iRk d theRdbe dnddidifg é)@;Bdé,[HIgCﬁid REEEG dnf @fkeHs6 & siiaTltE Gding RIMA
either rFtrip or _erygﬁy plasmd.*, P<0.007 by Log Rank test. Figure 22 shows
t hat FPRAn anhibedpintbiger affZBKA nice infected intravenously with R oryzae.
Panel (A) shows FACS analysis of R oryzae transforned with plasmd
containing the reportlgfudﬁﬁ s%ﬁndﬂtdﬁfbi@grﬁtmwm;ﬁm pronoter or the
constitutively expresse Aﬁi pronoter and grown in iron-rich or
iron-depleted conditions. R oryzae M6 transformed with an enpty plasmd
was usEtuas] shavegRbizepuscontaediigh #dmétly i{oB)pesineass nEtRotidessegxpraedSEQ IDh t he

brai ns m.ce, i nf dwth R _0 pressi ng GFP under the control
of FTRYY: ! W‘tgwpbwqﬁgffﬁqsﬁ‘?nﬁ%s’éﬁggﬁon was stained with rabbit

pol ycl onal antibody to GFP then counter stained with FITC conjugated

anti - r ghird 2 SdWPREY opilsiryteigle Qﬂfrﬁlga}ongjmﬂ%s% %Wﬁé?tid@quﬁémr(SEQeIﬂﬁ R
oryzae at the time of infection. Arrows denote fungal elenents in infected
br ai ns NOv&gmith Gertiapk proteindD: Npi je¥@24489dhows t hat the disruption cassette
integrates in FTR1 | ocus but conplete elimnation of FTRL could not be

achi ev . [ “Eﬁ%' i gqglﬁ FRESF i eve
FTR1L d?gk;uﬂé;??%énws( @/Hrr@ a%dg%ﬁgﬁc%\%a ugéﬂégg%&g&sn gf({ ct ag?()ew?nar ker 1% Pzri%%gd by
606 antavifig)46% dndaigiredestityf witlii RTRS{ UTRiemd aidR ¢&'evisiiR, respespivelyi Beolkyon
Panel (B) Cel el ectrophoresis showing inte [ of .the disruption

casset g@“ionacéd ?eQHF%%eA‘tg&ﬂe%mﬂlf?@ts iﬂ?Fecqnts?rV% %(ﬁ“%f’ﬂhinvf’%@? lﬁgtd“ﬁ%tt in the
W | d-t yR&a6Wh witBeen>' UTR and 3' UTR). Priners FTRL PIl and FTR1 P12 were
used to anplify 503 bp fromthe FTRL ORF only fromthe w | d-type but not
fromthe putative ftrl null nutant (see FTR1l). Priners PyrF P9 and,Png P18
to tesFiguse 4 ploass meehanismscafiifonaintae Ryf L eelanisyonaignp phelgyaiedpyailabdle
expect g&u}%aipq] of 2094 bp were al so used (see self ligation). Panel (O
Conparison ot ‘growth rate of R oryzae wild-type, R oryzae

Pyr F- conpl enented, or putative fir 1 null nutants grown on different

sour ceFigufe 5 sloowothe iAThexpressioadn & oiyzon grovahinnmeelia witBnavyihg warsceneatsansed
after 48 h for nedia containing 10 or 1000 iiM (iron-rich) of FeCl3 or
FesO4 8t'"9%01AM of ferrioxam ne, while growth was WO

2010/ 107500PCT/ US2010/ 000820 7 neasured after 72 h for medi um suppl enent ed
with 1@0hre & Mdieime gvavhasT sae&reezx%n?W fehit@af thaRsfoBasE with VE¥LE bkibssitigamet er
gromh on solid growh nediumin cnih. * P<0.05 conpared to wild-type or R
oryzaeFBfr F- conpl ement ed strains. Panel (D) Gel electrophoresis show ng

| ack of anplification of FTRL after one round of purification of the

put at i i L Qn- '!lﬁ,hl i (. i aGE3) b vect
anplif FE%‘? ‘%“(7) %h% lt%%fé%@ﬁp) l? cg{(;unr\;tt e };s’rgdrrégp{gé&o%%@gl 1#‘H(T)}falmo!\/:r\,i ng greg\r/‘vtglrt] B’%c of
i ron- deppressérty FiERnsicorhpared withGp dpeake mxaitdtgie S, eerddGide andipicedevisateifod of
201 (000, PRAsABRASEH i A oL Lo PNA 1 02di g

Figure 8 shows the percent survival of diabetic mice (n = 10) infected with R. oryzae as

compared with non-diabetic infected and diabetic uninfected mice.



Figure 24 shows confirmation of the |lack of conplete disruption of FTRL in
the multinucleated R oryzae. Panel (A) DAPI stain of swollen R oryzae
spores shwoizog/wh®opr esence of multiple nuclei with a sPOFUS261000@820 Ar r ows
denote nuclei. Oiginal magnificationy x1000. Panel (B) Gel el ectrophoresis
showi ng | ack of anplification of FTR1L after 14 passages of the putative
nul | miigune € shows a tamporaldinkeatianrinyersroerrelajiondetsgeniceceahpvivabaid B8 of t he

FTR1 fromthe sa i SO 4 oW i 5 ed nmedium (i.e.
100 p. ey BirsRRTR £, 752 G T P fiitnly TN RGHTC POl e Lsed to
confirmthe integrity of DNA used as tenplate and the absence of PCR
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t hat r &bhinfected BIKA miobhend wisfected tieatedovith Beflls sxgreaivicludeq aphegrlive egnteas.t o
take up ir(gﬁ Panel SAL QJanIitgtive PCR denonstrating reduced copy nunber
in the But&P? V& PeGepo RLATTCIRT R " npared to R oryzae PyrF-conpl enent ed
strain or to the sane nutant grown in iron-depleted nedium Panel (B) GCel

el ect r gpiRE @5 kBovd the @RPlession aRETRfin tid Heheatagerbudly bisseshiauted gnudoemycosis
amplification specificity for the FTRL product. Papel éﬂ? ng &gtathicﬁ{e ftrl
mut ant neRsebpsng nyesy were linfegied il SPes oFE. ¢ryasatdstsq drepehdps s ae
wild-t Ry i fidAaEi Ry HEs ) ' ewdbin¥h bkt ype.,
R ory Sl B e p R R Ry eyt e

wer e i feiealt tiele B T-BCR. dhatyisid (9F @liSpérairsopaiet)t Batins fromunvihfectedmighservéd nity
iron perneases are inange%&gFu et al., FENS Mgf)r obi ol Lett 235: 169-176
(2004) Jps anpgattyesgniiplen ABFHAF EXPEHER 2RAVLPE R8I | d-type or R oryzae

Pyr F-conpl enented strains. Data (n= 9 fromthree separate experinents) are
expr essggl,r8$2 BRI e*A'Bie%iSﬁ GHATRITh the' BRIAE 8f DKOmice infected with R. oryzae

2010/ 107500PCT/ US2010/ 000820 8 conparable gromh to R oryzae )
Pyr F- complessienGER undentha controtm /K rromotima (e Hi & E ssainaf braip infgeted wath by

mce (n=8) i ct.ed i..V. W i 16l ( ae
byt £ coreen g Srotghsthidoh (GRS il shitfiy 8 CRP LD Bhundh s BKE
nut ant vigh BITC dRFugapar @8)-rabbit alBodI 8 (ONPHE exhfocal imbgt thppéngnon-

Pyr F-conpl enent ed strains., Panel (C) Survival of _mce = 9) infected

i nt r andbigresgentif grrae ay ths fignspf igfeclior ArEovs &e%ﬁ?ﬁﬁlr%ér??mﬁ%n B‘Eegfgeéfe
PyrF-c - Al .1 x 103 spores) or putative ftrl null nutant
(5.3 x%%bgggfc%gg%c?ﬁé?bgi%ém conpared to wild-type or PyrF-conpl enent ed
strains. Figure 27 shows how inhibition of FTRL expression reduces R

or yzae Ripirkil8shows thekagargse BelRdeqtrophpresis resultyof m%%c&mmjlomwlaek of

expression af F i.n R oryzae .transfor ‘W - rifer Rlpsm d
(T ancpes9ay oL EABaR Baop it atybRa M R Ml S SR T RRE R TR

cont 1 0l dompRFdTB RS oR¥Rk trhiifBEnddwith 8mptyDNAsiaRI(()d Frimers aomplifidhg tie 18s
denonstrate the integrity of starting sanple and_|ack of PCR inhi.bi S.
(B) a rOpVAseneday yeonsfol thdermppstrate the spesHiai e %ﬁﬁﬁ@f%?f‘&%l“b%&%ﬁ@
gromh to the R oryzae ML6 transformed with enpty plasmd on YPD or

CSM URA:.edi 4. Wiclads B8=8 Pnflfeizae wuhor o formed with
t he e%lg'?rgllgss}ﬁlgﬁ% t%?&g%égp%)@ﬁﬁgb{fl?m rtnl;aaéﬁsf?))Rri}ants. Germi na’grg%@spores wer e
i ncubattethsiuirinad Sith mpitMpESFedl®niral Sout &l x d01 sporés) onkildRMNAgplagmid nity

[ ) N .et. al FE i.ql t 35:. 169-176
(5004 YiorEepicpxeiaa gt B EHORSPorr Y ottt ol Kpiese 100 S o6

transforned with enpty plasmd. Data (n= 9 fromthree separate experinents)

are expigsas sAswiRehABRIS fimigafauagh affiaity wogeermédsg nueledBdesdequanchow
inhibition of FTRL expression reduces virulence of R oryzae in the DKA

nmouse nodel s and passive imuni zatjon th anti-Ftrlp sera.protects DKA

i ce friogwr 16shgwa&andidegualbiarmepiidiigh %ﬁngéiﬂ(ﬂ%mﬁ?serﬁuﬁ OPPEBYIUFMFect ed
i.v. with R oryzae transfornmed with enpty plasmd (control strain, 2.9 X
103 spog; rshWd . hi il icRidtiaé séqidhcdsFTRL-1, 4.1
x 103 g%gﬁl)gsl?.mwgs : 8&?&}62?%}1&?%)%%%1\5%%%?@??% (n:9%%1 i nfected
intranasally with R oryzae transformed with enpty plasmd (control strain,
2.8 x 1Pguspdrsheyvs Gandidatirapiilispiighs affiity aiogeermepse upeleelidoirdusnceTR
(FTR1-i, 7.6 x 103 spores). *, P<0.02. Panel (C) Kidney or brain Fungal
burden of mce (n=8) infected i.v. with R oryzae .transfornmed with enpty
plasmd (control strain, 4.2 x 103 spores) or with RNAI plasm d targeting
expression of FTRL (FTR1-i, 5.1 x 103 spores). *, P<0.0006 and , P<0.04
conpared to control strain. Data are expressed as nedians + interquartile
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In one enbodi nent, the invention is directed to an i nmunogeni c conposition
such as a vaccine. The inmunogeni c conposition includes an effective dose
of fungalwbBRiopi3pepti de or an antigenic fragnment ther ecffi/ushab/ocwsnd er
protection agai nst nucormycosis in a subject. The vacci ne conposition of
the invention induces host hunoral and/or cell nediated i mmune response
agai nsFiguembfhashomsr cangepindimedel efthsdthizames i lgohglisal bundie proteimang nyvent i on

furthe Ye he

e a5 Bon AT SRR IRG AU TRSPRIE Rl he
|nh|b|tor of FTR nDIecuIe such as si RNA, for exanple. The FTR i nhibitor

i ncl udBguee 2Arstosys reuptsed an ISP SoRA Gl dermretraium\mnﬁettb&ynthwmwmm nces

suffici |y conpl enent rti. n of the ul e,for b|t i ng
R A A R R R SR R e
Exanpl %mﬁ,erdﬁHI Blab@id. Nt sPAiied by NiRgadse Bol iy ZREdNEItEd RrtBPaxdiedwhi ch
were shown to Inhibit FTR expression 2010/ 107500PCT/ US2010/ 000820 10 in
these siangf 28 kR imiiee 1ird p clane bihgotdwhamEtqoditveas transformed orithyerapty plassidr mant s
har boring anti FTR si RNAs were less virulent than the wild type R oryzae

As use f Volld

menbr aﬁ@u% ff[ ge}}on)& 5?53'5‘; lg%lgftl):?: Iilem 108‘((1?{)83 %@%tlr%g g\gtrh'?& Kkp ke (%osg)ge)g(l)?ﬁ{ ung such
as, butrezﬁ@d Mxﬂ}lrﬁbtxﬁdcdlmct%BFfrom nice immpnaieed Amthfeumelgni-’tmlp or@mpg)upllakmet’fmndl i, A
flavus and C. traq alis; and the nucleic acids encoding the sane. As
shown ﬁOﬁPQBYéDB tefbscri bed in Exanple 1, for exanple, FTRs fromR
oryzae, C albicans and S. cerevisiae share percent identities of 39% or

mor € Welohrd B SHJsAhAERT NS eqf)reegéatlﬁlmeﬁue RFECctBO (a9 eous @itk mcb/g@&é de
sequence of FTR in, for exanple, R oryzae is shown in Figure 1 EQ ID

NO. 1) , Pamed (Aheshows Fé@;ﬁcmralysgs ofiR. weyzae itrgnsferyoechwithiptasgtid epnthining t@ar@ozte( SEQ

Fi gur e 2415 O SRV BY RIE RERIRT Rl e kel GO Red AT I . o

i n Fi gui®grbhin igidnirichCor itdro@dépiatd Soﬂcﬁtl(ﬁho\m oryrakMLE &arilsﬁorm'ﬁﬂrvmlgiﬁoemptyhe
pr esent speC| fication, the terns "FTR expression" or Xpr. es?s}“gng FTR! can
be enppbleymil was wediagaaeeativedgionirel anel (Bshpws £l &4 lﬁ)le%IﬁSSFq'FE‘ drapgohicid or

R N e S A i e i e el

exanpl ap stah gissud secdomuak siamedovith mbbn: pulyeloh ENAtiboENy GEPIWsn @unggenoni ¢

DNA, th doub] t d d FTR l. d
an | rSABGRATE: PGS RO Skt D A Ul o LT DAC S el e s Sied o
si ngl eﬂu&teﬁc:é'ﬁgﬁdo) gé&@ﬁltﬁe ﬁ&%@f@%ct%&fov@%n@@%ﬁ@a@l&ﬁ@ﬁs inhefecrRdi ng or

sense strand he non-codi ng or antisense strand. The nucleic acid

mol ecubmimx: Magoifmtlomé(é%uence can include all or a portion of the coding
sequence of t he gene and can further include additional non-coding
sequen gur I]T S t'llariltttflg 8 %n%g%e&gmtg%aés uﬁlgFR'll3 loct§ BUEOSH e{e' em%lHQid?Q

pr onot ll' ¥ egu ory, - stre I enhancer sequence for exanpl e).
In addbeDRl cbilild noube Q¢lﬁe\&fdl ®anell (eguAehagramuuhmmrizdg thequaagyemansedm f used

t th f | abe] t
b 0o syt TRE AT insiopn By aS Hin) ek dpalisa el iabte marier ARSI o e
pol ypeﬁﬁbﬁgfragﬁl ChsSEH C?%Tﬁ%aqfqmb?tuﬁkereegécukbl | tpaflelt®) denose t hat

encode a s on na .g. an antibiotic resisfance gehe, or a
r eport ekcts«s;ﬂweemxes)howuﬂrg)mgrdrtam afitbodisruptiospessett¢ ona eprdsentativé pasativd & lt ag)

nuc! e BolaniingRES Grendif s PRs ik WELSBhs AT ERARY AT R MR By T
nol ecuhgd PTRIPALERLE HEdS8 AHHINER SBA b rohSthe WIRNEOREeshIE i thahiM-9pe Byt

reconbi nant nmeans, such nucleic acid nolecule or nucleotide sequence is

sui t abhet from the putative B orbl mutent OrAFPROY eRdmersdtyal Rotand Rygle RES tacight fpr
0 6&?@}&/ 0 11
.?.Rgl ?25%&%19 i’e%'ic%'llgatzt%néfqﬁg grﬁg&%{%ﬁegirgé%smlmﬁ-x %)%%‘%Ia %%g? (%F%m A 8239&2

coval enﬁédy(séd Mﬂegalay}n)a el (Q)eChinpatisolfaf iosith aste PRy pophé dild-tgpe,imat er est in
the context _of this invention are amng acid subseq ugr} es havi ng antigenic
epi t opeszagaRyifgeqmelemsnicdpuPulatye il mull meutants graveom Hitiesent sPHerLefedbience
and/ or @Lﬁ%&é&&ﬂh&%&{ﬁg&ﬁ% wiReds asadegxag%fe@saﬁrféﬂ llala?a alcBhtaldie 10 or

i munogeni ¢ properties of a ypepti de and bei ng capabl e of evo I ng an

i mrune 1066 pbh@wn-ria of FeGRI ordh‘SéMrm 160 M ef FeFRoyparhippewhilelgroavtle wabk s o
considered to fall wthin the scope of the invention. For exanple, the
REGLE notif which interacts with iron is one exenplary functional domain of
the invention. Another exenplary functional domain is the cell surface EXXE
motif of FTR which is required for full function of FTR in Saccharonyces
cereV| 5| ae (St ear man et aI ,  Sci ence 271 1552 1557 (1996)) PoI ypept i des

o o Ly " o o o, o S "



A variant pol ypeptide contains at |east one am no acid change conpared to
the target pol ypeptide. Pol ypeptide variants of FTR can exhibit at |east
about 39%vormroaopsoef er ably at | east about 50% and evenPpoors2@opb@seabl y at
| east about 70% identity to the FTR pdl ypeptide. A pol ynucl eoti de vari ant
i ncludes a substantially honol ogous pol ynucl eoti de that deviates in sone

bases fmeasurechafterdarh for mediyso sypniemnersed with 109l hgme o Yakugsgie aipresedas such
bet it uti  ertion . v b .
Var  andorabt iy e P BleRlordlftnthl Bl AEHRRh hPh. FOLUC o |

mor e nugldaopé cieR.)aryraererProeinpiaitdnteditrdirsa Ranal@)tGel @%ctr8pPRorosis Sifyingnd even

nor e preferabl}{ at . | east _about 95% 98%00[ 99% i c%eﬂti tt)é.to tre i dentified
pol ynulack §f prelifiqation ol iRl aitgs opg round of pugficalignqt ing puttiye pyl gpanis o on FTR
POl'y pepbh IR hinfedidth $T6IRANGF @S Find d i fRALIYIPE Ptk FTRIF¥OMIn&s fsbRR Of FTR
am no géfllgﬁ}slgzegéﬁég Usef ul fr)g{gnrr\entpg1 i ncl ude t hose that et ai n one or nore
of t hefdliostinggratth antiiontddpbgedmedingm (e 1 epli fdaioxsmine) fpoPolyi Amplificaton ve
fragmenis .c Ve a W ra of ngt hs i ncluding, for exanple, 4, 6,

10, 15° %‘,na(gg&g%b‘ya%?feggﬁfo qgg,foropkﬁféb]géd’é}ﬁi no acid in length. In addition
to activity, biologically active fragnents al so can be characterized by,

for exgipmke24 showatdonfirdaid 6f thelackeFBibletdd@isruptisn BEETR 1\¥the

2010/ 107500PCT/ US2010/ 000820 12 identified by anal ysis of the pol égepti de
sequentwitiniclegtedet. wargewBrnel KAdVIPAPhstaieofspollesBeo)reqysnones awingteude, for
exanpl i . i ext a I e segnent,
A P e S i e S et T

t er m " waggifieation, 300G ePareb (B) Gel dl@ft@phoresis ahawimng dadktdfamplifaaticaof BER 1

adm nistered to an animal to protect the aninal ai n i ctipus
di seas8ften/4cRassngss BE@Fé’é‘fat‘e‘{ﬁé‘PhélfutEﬁ% Qﬁé@g'rlﬁﬁb ’P?fgg'Pi (ﬁgé%m fﬁ‘g&lzb@?(ﬁg an
' mm”eaﬁlggﬂgelﬁm df@h@ﬁrﬁﬂgﬁ%gl tHR3&nB$ o148 Poll WiRE ?fd%tﬁ ol ifSIREDltONRYRIP! ary

infectio sease anena to treatment with tChe vaccines of the invention
i s nuc@rem 00 gMsferritramiac)cfion 86 hedimglididatperoofastin 660Lbm) was usadir ednfundther cel |

medi at ed i nmunij i nduced in host,when a subigct. .l s chall L,.th, for
exanpl é“,tegf*mog bﬁ\% uf%ﬂfﬁwgﬁf% he F@anﬁ 0#?%5 %Hbﬁ?rﬁe?%%ﬁ Qgﬁgsol{%}%n

" adj uvapk "coﬁﬁsmiiﬂ% arRde@ gtioARAMAliSAPROSs tissatt inithdpithevedil (7880 bp bemhiance an
i mune response to an antigen generally by being delivered with the antigen
at or pessentiondy ik RN Aspmplecxraciedeiom pyfative firt grovicpdepnerighmediia@ndesponse
i's manifes . NGk L Rh I t i ment of
nuror aP sk PP A ARTAnE PTRTEMDS (ABELE] A8 @ AIIRN Al COTARERT
titer @Gbnppmithtivadyrirgbwadn irontrivh medinigen. Enhancenent of cellular inmmunity
can be measured by, for exanple, a positive skin test, cytotoxic T-cell
assay, _ELI S ass for I, FN-ga or Il-2. Adjuvants .are Il kngwn.in the
vt RGBT Ry T OPY AUmOp e su PR PROH B AR TG ¥ & RaP (et
Freud' §,i/a0PRhAYR) afiaii@lle PERUEYHIrach dhéaided. cobl almBBrin@ee putatibe fikler m
"antibody" as used herein refers to imunogl obulin nol ecul es and )

i mrunoholinodirtgompaieddo RopnizenP i -camplamghied sirgin ot thespes myar, 50WNds can

b of . : S lad o oh
ort (< anplRediis . Dalft Ao SlerkFN Sl RRNladh AolBR: JCR e L1 "
Col d Sphdwigg ey haplificabion spevifies; foltedr TIRI prgutiarfaael, (). The put@Ba) fir1The

present invention provides polyclonal and nonocl gnal_ anti bodi es thlg& bi nd
speci f nugantdemgnsiratest spguend apalityto appuirenPE R CPHRAGH to Raghréne WAlH-tyRs Phbtt

t her eof i [.£5 .0 Y, ! Walall

e T e e S R e S
bi ndi ngr putagveigahlanof Gemminated eparts wgrevintubatedpaith DdulMr59€pCiloe of a

pol ypeptide of the ji.nventi or.a fragnent or variant the nocl onal
Dot DoBpRes oS Rt -4 o perigse e aeea M sighnt EMSIADaPD
agents rip o8 hi fsot ﬁﬂ@(rzdm)g.c hpde o8 Wh&l &mhpatd AthiRGMEAE wilddiyPesr Rt Hkms, and
derivatives thereof A t'herapeutic agent  can be coupled (e.g., covalently
bonded Pytlbcemplgineatsdstraimno Blatmar Sfiombbiey separtie exphiriraents)are expragsed gt | y
(e.g., vida a_ li err rtgr o%g . WO 2010/ 107500PCT/ US2010/ 000820 13 The terns
"vect oA IRITRY A EELBIE*S and " expressi on vector” mean the vehicle by

whi ch a nucleic acid can be introduced into a host cell. The vector can be
used f Gigupé 2O alALS oW cie reduidRhiofFF TR Indoply@iumbac feduces R.airyzeel windgick de the
expression of an encoded s’e%‘guence. A wide variety of v?lct orstéfere known in
the ar Pkehanquse medels- Fanelddd aperressntativgiodshe mﬁ%{syésﬁréﬁw Jnptartdenansaed y
vectors can be found described in, for exanple, Sanbrook et al., Ml ecular
Cl oning: A Laboratory Manual, Third Ed., Cold Spring Harbor Laboratory, New
York (2001); Ausubel et al., Current Protocols in Mlecular Biology, John
Wley and Sons, Baltinore, MD (1999). The term "antibody inhibitor" as
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The term "preventing” or "prevention," as it is used herein is intended to
nmean a forestalling of a clinical synptomindicative of a fungal condition.
Such f or espabiorgsooncl udes, for exanpl e, the maint enancecofuSaameis20
physi ol ogi cal indicators in an indivi8ual at risk of infection by a fitngus
or fungi prior to the devel opnent of overt synptons_of the condition or
prior tempagble@iorthgy Fooper? %mqugl@we@dma@i aghBRis M YRAdBeHt | on.

Ther ef g ing: i t [ f
i vi Bt BT Sul e B EPHAened 3l MPR, BB LA S LR TR
Pr evenpiflycamplemgmted @aiei(4 8on103spdics) belivthuedtivalfisd nul mutdre{8léck 103 i ncl ude

i nhibiting or arresting the devel opnent of the fqugl Qondkigig I nhi biting

or ar r 82ArFRg* -0 - W9 spawpatedito grild-tyge op Ryt sunplementgg skaing.q @l e,

i nhi bi & ngk B¢ AiLEHE RAEiPR BREAI AR-(pR@I0k 003 GRbrednAl cat or s

or cli ﬁ}l%a(?g{/?r{ﬁ%eg@s ggg%ﬁﬁagg%ﬁgégéﬁ escri bed above gé?d/(/ior wel Il%lgﬁcgvm in the

art. Therzet By -cehflentnted spaieBAtN HIB spores) bupgativecridiuli mntanb(f. HxilAg1 ude

mai nt enanc f__normal body tenperaturge,  wei ght sychol ogi cal state as well

as | ackPRFS)| DY SammrsLio ‘?S’ér@%%ed’dipé’éf"’ ﬂref’éeélfeé‘ﬁ%&}{?- in an individual

predi sposed to a fungal condition. Individuals predisposed to a fungal

condi t Fgfurd DT bhR hbWnEKAIGAICE FTRT dxpebsviot teduced R hordddSibilagab efkicap *diabet es

mel litus, bronchiectasis, enphysenmm, TB,Q%%?Ehona, | eukem a, or hurns, or
o0

an i ndinviga(AMRTRCR shoyting Jackfof supresp {in B epvrqedeprstosmadivithon.

| nhi bi t - Qr Stii t he e t it i des, for
oS08 A SR P ORI r ] L £l E S Ay
pat ho![ ggi_sﬁx?d ((Q_Cm?lrbl![)p P3imerh amphfymg)tl’_fe![ llri}saD]E\Imserwlmd &acsimmm o i twi dleﬁnqnstrateahe
opportunistic infection associ.a W a fungal conditi.on. rm

" f ungalintegHiof Fféﬁmgﬁm&’#’e@dﬂéﬁ‘l@ﬁg@&@?‘?“@é ?Ighaéﬁprwg@ag%gf,&ﬁﬁﬁl\i& ion, or

col oni ﬁﬁ%ﬁgﬁwé%ﬂgﬂat%ﬂrégﬁ%hﬁib% BWEPRESe B 08zae MITARInsfiriRAMA &hptsKi N,

hai r, nai mucous nenbranes; f rsgxanple, rlngxorn1or yeast infection),
subcut premicomyPisesC$M-ERA madigalCYli" Feamtakedfy wildtyneaReowsaa Mddues, fasci a

and bone; for ex | e, cetom, chro L [ _sSporotichosi d
syst en‘itrén?fjﬁ% %@B’.%‘?@I’% @gaﬁménié)tr &ge Pgﬂ?ﬁ %h Fr%'&ﬁ?%agl%g gﬁ%r&éﬁ%ﬁg %%osr ul ting
from t herd pRabAsd Wth0f 1 A PBarINg ERQEREtRIGE utath Kyh-affluisl irdpdritases are
exanpl e, zygonycosis, nucornycosis, coccidioido cosi s, bl ast omycosi s,

hi st opIiraiwgg(lél, etat., Eémdw@c%p&@b%%dwsl)%ﬁow d* R &0 5whemgorerared

"zygomnycgshs” 1S i.nf j 1] d ungoaf the
ci 2as By0uhysu R ML ERES £ BRE D CHRRAnARR! ShOY ARG DRl GOl
The Entigep pdpahie¢ etmsintne) afsgseseéd ssibedibasre mterqaadilemaogesut aneous

i nfecti ons known as ent onopht horomycosi s, which largely afflict

I mmunoconpetent hosts.in .deve J countries. Z cosi,s is also referred

to as rFBﬁr,Ig? %é%‘?ssh%‘ﬁéf‘h?lﬁ@o’c‘\%tw g?%gp%s%o%ge HC?Sn‘%{gﬁ‘[c‘%&? gaﬁfyﬁa?glt?l fer to

sim | afmgx ; s@inddeReAl phith RCiRBS ZathSh WHESnthSHep Reralph6ieéts DRA FMEO froC 0Si S”
e

is inten o nean a fungal condition caused by fungi of the order
Mucor alResryzie odestipno Paseli(d) Survivel-af misa (wsih) irfeetod i1 WithReerizan transiprsmed

uni form.y affecting,i noconpromm sed S| -t her Z\Wolell or

ndust prith f5es BlastRe [PRUO R T amRE te AR S AR 0 O

di stri RubResibMbOFBER ] (TERISL-i,5i. Kx flahkpdres. *,a1<0.00MD Panel (B) Survival of mice (n=9)

2010/ 107500PCT/ US2010/ 000820 15 of which can cause Qutaneovs and gee 3

i nf ect iivfgsted B}i@@ﬁ%l}'b’é‘ﬂbﬁg?’%ﬂectéaﬁsﬁﬁ“ﬁéﬁY‘F}yeW(Pimgéc%né’ SEiNag B 1R)Dre

[ cauenbltf GMPRNAG Mt IBeMHEANIGOth B IR (PEKIAL A8 {0 Thoks). ATong L he
Mucor aceae, I'ZoOpus oryzae | Zopus arrhizus) 1s a common cause of

i nf ect i, 020 Thae]l @Y&iphayr o epiediugaldfurdéreoice (ae®dsfecwdiilvy withaR. ocpagee a

simlar spectrumof infectio i ncl ude, for anpl e, ' S_.ITi Croospor us
var. rHiasieans mtﬁiegzp%léﬁraf@(%eaﬁfw%ﬂa% X @&aﬁ%@%@gb?ﬁ%b@ﬁ%{“ cor
speci E%argafmg@%%wonw;'ﬁzdﬂ{ﬁrﬁgi QYNNI 6'aRaAE). karsppolEunE NeRoRLbnsaae

fam|ly). "Mucor 0SIsS IS we nown in the art and includes, for exanple,
ri nocertebomttol straior natereexnuessedanmpdians brintprgusitde ragges. r brany-axes refect

mucor mye et PECEAORAE iy ) S el e S QR b R AT

MUCOT MyfHRde FintédBE iR LIUNESER.6 RV rsﬁms ECasia ighalekinecula «ftd t 16’ spores)
mucor nycosi s. Fungi belonging to the order Micorales are currently
distributed into the fam lies of Choanephoraceae; Cunni nghanel | aceae;

Mucor aceae; Mycot yphaceae; Phyconycetaceae; Pil obol aceae; Sal csenaeaceae;
Syncephal astraceae; and Unbel opsi daceae. Each of these fungi famlies
consi sts of one or nore genera. For exanple, fungi belonging to the order
Micoral es, famly Micoraceae, are further classified into the genera of
Absidia (e.g., A corynbifera); Actinomucor (e.g., A elegans); Anylomyces



WO 2010/ 107500PCT/ US2010/ 000820 16 genus Phyconyces (e.g., P.

bl akesl eeanus) and Spinellus (e.g., S. chalybeus). The Pil obol aceae famly
consi st s wb 2b1ngrsogenera Pi |l obol us (e.g., P. |ongipes) aod/usth@nesgees
(e.g., Uepallocaulus). The Saksenaeateae fam |y consists of fungi genera
Apophysonyces (e.g., A elegans) and Saksenaea (e.g., S. vasiforms). The
Syncephrad a@ttcrdawah@emqulgpc@grfmns micommhuniged witheithery tehoeraeieinsgollasted. g. |

D. el egans).; .Fennel.l es F. gigacellularis); Mycocladus (e.g., M
bl akesf% a%ﬁ%ty;p?%ﬁlé%g%g'ny’cég%gq’é. , P. articulosus); Protonycocladus (e.g.,
P. faisal abadensis); Syncephal astrum (e.g., S. nonosporum;

Thamost yl ume. g. , DETAILEREDESCRIPTION: OK THE INVENHONana). Finally, the
Unmbel opsi daceae fam |y consists of fungi genus Unbel opsis (e.g., U

angul ar|s).. As, ed herein, the term "pharmagceuti gal,ly acceptable carrier"
ol Lk Riyenmial et ot TR Ry Rae: &g petods tal ARGiErandrre. CF pi e,
di sperﬁied%cﬁseﬂmit ﬁ@%g’ﬁ%&ﬁfm& &eh%e' ea@@@FPI@)S&!’;{AEHdg@niE%ﬁéiir%]ﬁeégig&Qllﬁﬂﬁ)@éS and

the Ii that are conpatible with the active ingredient. _
phar magwotiedah the enseteyfinauosmyensis. ddighadinibeirgn perareast israonvlgcwie tespeamle of

pharmageuyti cal, grade er. al s apprqgpri.ate far, .t he . chosen de of .

D S ek Ebeigsh s o PR S X ATLFOAEE kLBt impede
adm ni geradilit9df tHel fangiftuptdke apdlop a&Sthe dontahisabl et s@fouridig érfvirGAment.
"pharmaceutical” or "pharnmaceuti cal l'?f, acceptable" further refer to
conposInhikitign pbhigh|affivity B9n RerBRASE wihiesult Esirerystgevation in Hingal pathpeehen

desire L L i 49 he adm nj ed to
numang e e B b anich v BLICACE, ThY P2 pBpebl e R B Bl R B e
means #Hpakranectomplegy wihlay knywahemay pedteinkeF breckangile, bonmlsgyaseerch @i éhennent
or listed in the U S. Pharmacopei a,.or .other .generally.recogni zed

phar mai‘%‘ﬁé‘i‘ Hroft‘iﬂ‘n%‘sd@n'ilg‘?‘géYW?, re%ag frammes g ﬁx(t}iﬁp‘&wl}m?tﬁg ﬂ?ﬂ?ﬁﬁ’gy toRe term
"carri grab 8RS pldteift viliH dtfiliennidl S06RObE 3% &=Pd %6 alP6F E Hive pRotéint.h whi ch

t he theryapeutl c I's admnistered. Such pharmaceutical carriers can be

steri : &hteeqpiithise psuchs as cndedcod dmoin entdinivg & (hg. EW@?Q&Q; ﬁé’thfiW@éghl;
i ner ahnd RPEO BT 2 S A Da? Pl s SMIBSRTIT MO bop R ERIThen ¢ ne

phar mageutB£Bl S6831P0%4 4 b&ithinarladRe sthsdaed BU AT Seardnoudhe for SddntifiCatssl oft | ons
and aqueous dextrose and glycerol solutions can also be enpl oyed as |iquid
car r i epBiqupagauenesssrany fungi compared Mppdesonzanisems das Epansgbitel Ol Hidigating that a
exci pi incl . I t u ggl.at.| . i ce,
Flour Ak e A AE AR bimofigl S8 B et 5RonBl R Roreafe Roios TBh and |
sodi ummektods iofl the ddifeatinstntionnh lthrgetingy/aer iahibitpreoPYR evik onbyl affset thevatndevels
ethanol and the |ike. The term "i.nmunogeni ¢ anpunt"” as used, herein refers
on of G0 ueHBukpEYa] Ut ogh COBYREpRATLAog e PO LapRqterbhGTaPY jpgainst

i nvent | ,pRoRhydsisr agment or variant thereof that can induce the host imune
response agai nst the pol ypeptide or the infectious agent expressing the WO
2010/ 107500PCT/ US2010/ 000820 17 pol éﬁept ide. This anmount is generally in

t he rahyenggmb@ligenty theGnwgntion indiregiehtoperindewogenicvagwpsiionsechdsfends on

h bj b d, [ f . th | 'S
Synt hodtganes g S BB 5o FRBHb fnellosh 45 o BERRs oL FRHAEF A RES AR,

amount ophn hnfipenRIepnicdE tHek@d tigARohRr pAlt€dtion tagdinbymy@rmgussisiit hatgecsuThe as,
for exanple, antibody titration. The termeffective anpount refers to an
amount Vafcing camesiited of thecignppian ingdeees hpgithumoral and{zicglh madipted bmmuee a

e T CfhspGaind NgaI 9 S b hePERBLARRAE N BRHIGIRIOn R o AEGHIARTLIT
refers t8 an &nount Bt a corrpoung or conposition (e.g., an antigen) that is
suf f i cirehidet an pdjndartehaircar boest theainpnotaeheory dfithemecirespon®eitioAn ef f ecti ve
anount with respect to an inmunol ogi cal conmposition is an anmount that is

sufficient to,elicjt,an ne respons whet her o t the response is
pr ot ech Ve anqiher op %déWFné’ %:‘HY?IBW}‘ lPﬂugifr‘}“, m#”é’ftgf %IISF ?@ mafeculg %‘c‘fg\?ér y that
FTR gegi@NK gt etanSle TS FTRAnAiBItof fkludv¥d & VbRaiCepdssingfond @amopetiRopRNthauch
as R oryzae in hemat ogenous di ssem nation or nucormycosis. Moreover,

i nhi bi irnctudeseayenrepBiifpenty enmplementanote 4 periom ek thefZhR mglasutedphipbiutiag
f D . > .
Functi o S BRERS: b OlicrdR, 3ROSR o 6isEhled ATCHTN ShnlrechlY,

vivo, RINAgRpaiisVETROMRNbABhE GRrépreparaditwhibh mlepe shiotwnxodyhibit grTiRF ¢ xpagision

i nproved survival in infected mce. As disclosed herein, [assive

i nmunot herapy against FTRL is a viable strategy to i nprove outcones of

t hese deadly infections. Accordingly, different conpositions are disclosed
herein for effective inhibition of FTR nol ecule and/or its function in
treating nucormycosis or other fungal diseases. These inhibitory

o o o o R I A o, T



WO 2010/ 107500PCT/ US2010/ 000820 18 Simlarly, the vaccine conposition has
an F7' R pol ypeptide corresponding to the nucl eotides shown in Figure 15-18.
The for mawetzomnoafoot he vacci ne conposition of the inventcomseaopddsecti ve in
i nduci ng protective immunity in a subfdect by stimulating both specific

hunoral (neutralizing antibodies) and effector cell nediated i mune |

r esponietbesgdungistn ﬂ]&@ml%:ﬁ Waydemonstrated thatfe oppgae traasfeanyis harpgrng anti-ne

| nvent :ap l}é@ﬁk%%relul%ﬁsdvi eﬁtﬁﬁa&{h%%l@ﬁée%o Lgphyl axi s of fungal infections
such as; for exanpl €, mucor nycosl s. vaccine of the present invention
will contain an irnmunoprotective quantity of FTR antigens and is prepared
by net Aedsediedrtinkthewerm 'FERierefars to Hipk affiretydraat pavmearde, ¥ avoibrase protegener al |y

described in, for. exanple, M F. Powell. and M, J. wWiRn, .., nVacci ne

s gnicepais s Fihircr EAmaPoThi Resheea i ng. Rych A rh ok n Ea Lo FBanR Rzde

Robi nsggfu%at.&‘s’, N 3GierMhdli] Ag%wrhnd@sropi&'&i@p%a%ﬂ&u@@%igs éNulds in
r di ci ne) ress

Mol ecu , ' Humana (2003); and D. Cnagan, ed., "Vaccine
Aj uvantte:saieeparshowoin Figuhod sndidescRbedir Exanmled ofosexamplst A6Rs from Kbl ecul ar

Medi ci ne), " Humana Pr 2000) .. FIR pal y. i d i r nts or
var i anf”é)z%&f E@C@éﬁngﬁif%ﬁ‘é”ﬁa)ﬁﬁﬁ%%é’gﬁ%%@ ‘gg‘ﬁt%?g?g 3 a?%?rgﬁgganﬂbéuﬁgg%t ified
usi ng FERidMR@S pldieiniequentdBoabloggN dhe @aclebidtckegienck of FFRARPfoe exdmaplepR et al .
Proc. Natl. Acad. Sci. USA 81: 3998 (1984)). Briefly, hundr,ﬁds of

over | appkagyissheown inEigurelb6SEQ 1B NOHaxandehe Forespopding Bring ait 8&JUSBEF Sover i ng
t he engy r. }: ' : K ' EIR). The
pepti dgeﬁso‘ﬁ}lilﬁlrﬂé&grte ?ICqS%g ggmgftgﬁ% Iﬁ]JeE?esot(t)llalE g&@ugggéoérﬁ?p%g’ég%f gdfm ﬁ{auisrl-gsynt hesi s
ar e t helwvireistFgukds; an€i gelileembydibis showilin Biguret 6yon AyEivmg issshowmi in Fygusé
antisera. Antiserum agai nst FTR.protei n.can be obtai ned by..known

t echni §Ge®d ikéh rrepwgﬁalﬁ\ah%%p E‘E ﬁgr gl‘ helghoyl -eﬁPéqase{‘tlsé’%‘)ﬁf’até% thefFrmp%
humani zedp E%&%‘#&f?f‘ora‘@kﬁﬁ%@? TR c8EBo erthPloy &k & WisRinatd. isdiffepdn@texPession
5,693,762, or produced In transgenic mce ?leaw ng an unrearranged human

i mrunogf abATR mugleiveacidsersan FBR pelyaepiide; U. S. Patent No. 5,877,397. Once an
epi tope bearing hexapeptide reactive with anti body raised agai nst the
intact protein is.identified, e i ) e t f.r

speci flec%f“frﬁﬁwuﬁ%l%%m%ési a @Sé‘sg&t%{?ﬁl @Le’ aq{l\glsg)rr ?ep%lgl\tuiq’oélr Igﬁ%/’ gl‘riiChea%t ensi on
at bot BDN el @hoMié BINA nAah AFRIsucl&uatidefor erpapleesfirat pobgipieprides

typically contain at |east six to fourteen am no acid residues of SEQID
NS 5 etk RO CENA o Eo0RENpPB A By ATTOERT AOISPARHEST S usrng

met hod - | - te Weld3tPPDINAR &ijléitos i t h
respectéoﬁp%&’t)%ééﬂgmwgzgIpéhﬁgg%&ea??hm%og @egﬁég“ue?ﬂ% to the present 5

i nvent bedouledsearsket lor siigled-stiaedat; singld dtrandebBhiAzer DNt cante githrr thel ypept i de

can be truncated or fragnented t hout ..l osi the.essenti al. ities as an
i mruno§eding oy ssuss igandeg th@i‘&ﬂiﬁogﬁfnglf’fﬁnﬂﬁqrﬁ%gtgﬂd Zrh&{wc & %cr“lijﬁlt:@%cg}cf Yo vyield
an Nt giibotile LhAHIERIn BEIddeBNCRtal RRtid ONtht h@diﬁ%ts WEhERbS BB gettd &rdl can

preservation of ‘the functional properties W) 2010/107500PCT/US2010/ 000820
19 of tirthemirichedel addipnahnamenshingsaquersiensuey asyintrens AdAMR0d LY REASSs can be

enerated by truncation fromt t 1N ' j of the
Punot | ortentss SBERE S or Uy I e RS SR RE AL Ot ons
i N accekspte]. Nintddditiodatlinugkicavid gloldakos picketidestquend canderfuizd toade
pursuant to this invention to create other FTR pol Pgl?ti de fulpcti gpah
f r agme soether sepuISgeior EXamRlgblabs!, amkeérﬂrgﬁ%m%aé Coges f PAVPHRIL Y eof |
to aCh'a?sYsec% gllh%oltaqﬁﬁe glpvlglg%: GAbA ¥f HR _oneBﬁ@é?]?gddhes%q&B?éEJ ineRde Wit@kdmop th the

native pro I'ne conpositionhs of the i'nvention further contain
conventlintitedlto phasenthateant odxed sedentonenakerSaigt abbatitmane registange genge bt a kKIPOVIAL t 0

those of skill in the art. These vacci o itio cap _pe prepared in

| i qui d SeAtepcedobiess Ph?‘.wéi pETPEGHPR Bﬁgﬂs{}@Bﬁg‘gﬁg%ﬁi ?“‘{e}f.%@.s? {P‘Sﬁ%’}c %gut i cal
grade ;ilﬁghio'né-%ﬁﬁans@éfﬁieq@ﬂ%ﬁ§ﬁbi{ﬁéih.\/%e nBXeicRicRNtS1cenid dr hacleblide can be
readily selected by one of skill in the art. However, the conpositions can
be | yoptduengechnandudee oneleictagidatolseilsior nyclgetide ssavencgarhicheisyyntggzédicci ne
conposi tions,can, be prepared in an ner . [ i . n node
of ad mch?lgltcf’la\}’ PHRY Teg 851%%%“ RENES a% rﬁ%&ﬁ%‘%‘?%@?@?ﬁ %ﬁacﬁe%;lg %ngﬁ(}ugp ?e;ftgi on,

et c. TReidYERR8E irPRcehbinapi BNIRSe U sseadndywititia gphaivhly eagiaeered ploaeinng due
regard to pH, isotonicity, stability and the like, is within the skill of
t he ar ssyntiresés s¥stRfogeni ci ty of the vaccine conpositions of the invention
can further be enhanced if the vaccine further conprises an adjuvant

subst ance. Various nethods of achieving adjuvant effect for the vaccine are
known. General principles and nethods are detailed in "The Theory and
Practical Application of Adjuvants”, 1995, Duncan E.S. Stewart-Tull (ed.),
John Wley & Sons Ltd, |SBN 0-471-95170-6, and also in "Vaccines: New

] o oy A NN N - - ~ 1



Anot her aspect of the invention relates to a vaccine conposition having a
vector containing a nucl eotide sequence that is substantially conplinentary
to at | eaw0 20/10@3WDi guous nucl eotides of FTR sequence (@CH/US28RQISEY NO 1)
shown in Figures 1, 15-18, a transcrigtion pronoter, and a transcription
termnator; wherein the pronoter is operably linked to the FTR nucleotide
sequené&hbe teaRdPaeeRtids ngrsmﬂqha@mféwpﬁé mQsg awineacids eoyaleaty yinkediRed to the
transcpi biji ep 1 . i f j: i 1y
deacr i Patide 8ng CPARGAFboly il SPAKALI R collu YR RAGIoh SERRIT Y
"DNA Vadd sutesquelie¢sHading antigbhie eplitapesMeditigienie Jepitopsraaa ve Prkaswn (12 (@6irt artd

Ertl, ed,,. "DNA V j , Kl Academ c/ Pl P i sh . (2003) .. |
AL R N s I e e T M SR R
accept g{st,@nﬁ%f A Eélyﬁ&ﬁfd‘érana‘ﬂieﬂl‘é%bablé:@m%g ANindthufNR Y6 _Ffﬁfﬁctw_nhh

adj uva have been shown to induce a stronger and nore specific i mune
r espondemains hfiteF TRHuR ygeptitde ate. al®pednsigieredSe alh within e 3gorzathymvedns) ) . | n

h i ' wh nbi ped.. wi dj
Phat . ok SrBeTa i T st YRS HiS3e RTES e FRmAPE RS felllicn™ ®

as, fopf@¥aRh&on. MAFothar éﬁl’é:ﬁfpl&t?&dn@ﬁ)naﬁddﬁiﬂﬁﬁ§ theodel INAVEBXINEEmOiAVE t he
abili t¥V_to recruit a variety of cells including professional antigen

pr esent Rgvhieh isgequipddyr full fupetianefl il % it SasshariotracesTaesevigge (Yteararn cpal APCs
to thegsi u I I s of 1APCs
w i grasE ARG IR rdcfihuil e o Sl PuiBha

i nj ect imodificatiyti plocessss thatdanaaclulgrfoexanmyle, gl fdds Isfonipesteolyad ckavagd] uvant
for DNA vaccines can recruit dendriti,é:ﬁl‘gel | s and Ig}ioor’iot.e thgir Sf“'lEVi val at
the 1i HRdregam isignakpantide psp¥esn RIOPSRIIAR ClFf @es RhRSEROTYIadPn. &Rd stk Keas t hat
i nduce cell death can al so increase the potency and efficacy of DNA

vacci nefe tefdi "thHiAfho SR BIrednRRARE Ol iBis36H RGEIMAETePs 192 ForliBR Bf & BRWEIn tat
provide nore antigens to APCs. Qther nolecules such as for exanple,

pol y( | Boe¢aiwized bylaytotll ard/oy Biog)! aatigerhrsaepteh oblic ipraunngasicgyiéonagengrablyen

h ' for ' . [ I
i 11 ol paf D AT b R b BR gL ol e e e RDORRL

i nt act sepheedprefersble bt Rast 30@migx atidlreésidiedtodiah FTR mtydepside Of a asriare Chcdect.
expressi ng such nol ecul es; for exanple, plasm ds expressing GVMCSF. In

addi t i Brefereedvigupinegenis Rostons ¢y eentaing e hiNragdior (stargimga fragmeatdeitons3Quch
as nuc CQS{.S G - {tions of the present invention can be
used tg&%eagﬁs’ Pr%%%YEQ?gL%?Jl??g@?{?, 1 subjects suffering froma variety
of fingal infections. Accordingly, vaccines that contain one or nore of FTR
pol ynual eoiahiiedypapolly peptind esleastahno mmam adid diyange epopateddnshealiergst i bed herein
in conbination wth adjuvants, t hat , act for_ the pases. o

pr ophy PY¥PsRIdS, Wf) t?'é’?%tbde@u‘ﬁn@nﬁsoé % “eanaqxgg’lb\?ttl?ﬁshatf%é Qg%o B@r%PreFef{%bl yat

| nvent | Q& abbt % SHEQLEMRIBke pleB&ablyas 1cakt dbBat T0% s@iitity ¥@he FTR polypeptide.

2010/ 107500PCT/ US2010/ 000820 21 invention will induce the body's own inmmune
syst emAtrolyasleotide variant inshidss e spbstentially trmedegaus pelynuglgetidrethabdgyiates i9f t he
i nvention rel . i Lt f . ' or

or event ey &ef [ERHe iR BROALEIEGRe, GOURDRabielby Rl bRMRES o
or ant slgdytionhinkdrtion, defetibhBr srahgwkkidnf Potynubleotideovariantnsefetabiyexdfibia at

nucl eotide sequence that is sybstantially conplinment ari/ t? a por;t%'bon of an
FTR sefagiibaut 60% (for éragmaetswéiub%rempwaquci@ﬂ s Rralerably ahlsest retar y to
at lea%%lﬁ()%%?bb%ﬂ%@e%ﬁ%@&iﬂr%riﬁ?@ﬁe% abd\R 93 98] WRDESS 9P, MKGkiBPHo tHE RNAI
sequence that 1s substantially conplinentary to at |east 18 cont’i guous

nucl eofidedefithpadgnwifledtflR sequence; an anti body or antibody fragnment thereof
that specifically binds to an FTR nucl eoti de sequence, polypeptide or a

I one ko geatent is SsRLPHRRGTE) keiRehst BREAARFpiHiitEM FineBuEREE

adj uvagd a pdppdptide having ol Riiordef BTRAMSHARSE sefuehdte Ui Tidgaientsinclde desi gned
usi ng the nucleotide sequences of SEQ ID NO 1, Fi Igures 15-18, .their
conpl ethose thayresain apeist marrpidhe higlegiea ghtivifiey af the RTYPRRtIdeo FSuch bialpgigaled

using enavRl nksic%ﬂ%@@am&}apg@ag%% @9&&%5g%okwlé,m,gb?oﬁrst 2?’,f25t he

geneti C engl rreering. FoOr examp nti sense~’nuc dcrd’ nol etul’e (e.g.,
an ant 36e4s §0,0100gonmotecarhind apiddaeryth.c headditidn ty astivitdsolagidallsactiyenat ur al |y
occurring nucl eoti des or vari oysl rmdipred nucfl goti.des desiﬁngd tob

hybr i df#8MGRP Alsq c RE FlATagteriregiPYoforLXgmIRle. p NG, dYRgRRreeEmERtRRhaS begn
transcription initiation region) to inhibit the expression of the FTR gene
through triple-helix formation. Alternatively, the antisense nucleic acid
nol ecul e can be designed to hybridize with the transcript of a gene (i.e.,
NMRNA), and thus inhibit the translation of FTR by inhibiting the binding of

. v o o —— o, o o o o o . o o o o




WO 2010/ 107500PCT/ US2010/ 000820 22 Particular small nucleic acid nol ecul es
that are of use in the invention are short stretches of double stranded RNA
t hat are woawv/mssoshort interfering RNAs (si RNAs). Thesecirnisesimnisag RNA
(RNAi ) allow for the selective inhibition of FTR gene function in vivo. In
the present invention, RNA has been used to knock-down FTR expression in a

DKA noidentifigstiey ansiysis efghepelyperiidesegeance ysing methads yelhigoym inthgaoSueh at es
a dra ' n l.\@l 2Ct ' ' i,an. The
R o S FEudRorol Wb, o BRRaIYEBHEE et ARl ASmal b Bhiiiblant,

i nf ect segment, higaid binfingaegion, zneifihgersioneaain entl/oRipsosgtationstegni zed and

cl eaved by the dicer RNase resulting in 21-23 nucleotide |ong stretches of
RNAI . ese RNAi s are incorporated into and. .un nd he . RNA- i nduci ng
1 encT o eEnnyRsne s Dekah iR ia RaRritesin 1 PanBY et e et he &1 sc
t o MRNGhigaMoAprBleBGht aﬁinmagéiﬁm_tiafewmeéa@@ Vesindsipptebthg@idodivedsep! yti c
cl eavage of the nRNA, see El bashir et al. (Nature 411; 494-498 (2001)).
Hence, by hidycingon iricegasingramimgeunegespoassinfasy animal againgethenpfeatiensdbspastiainon of
FTR nmRNA in_vi.vo i.n fungal pat i.nfecti. j ecte.. Th F esent

i nvent P5 Wt‘ﬂ%?tl%lfﬁo#?eg%es | ?lrhal%gelqttggl?efpr%%lﬁ ivgg{dgtlhgél 3 Clr?rll[’)ér%'oo(:f Iﬂcl)engfl%eo%oqlplgl ycl onal)
and angiugéimiosie Mhe Licgemediatedgireettiorn duatbeatugndtalamal« cofl niddiwlédig t o and
inhibition of FTR function. The antibody inhibitors of the present

i nvent inmuRigningpegd ipdoptiheny subigsd s GhaHenged gt dor exaamiadt’R ofeeof , and
interf i 1R i nhi, bi in function, i.e., iron transportation.
Furt he{r%rrrg‘rﬁgéegﬁz or{éér}?{)]ﬁ%%‘%nté%ﬁgggﬁg t‘iend to FTR and interfere with or inhibit
the proper localization or conformation of the protein within the fungal
menbr afibe teAm "adjuividtlys, intendedhtol igeam- deordponitid wighehet abilityte efhanice ag anhune
"specifically bind," "inmmupologically bind." and/or is "i nol.ogi.cal ly
anct | (POt Yot PE<pSURBRT Pa LR deliuctef v e A enia of AR SR TR

det ect ghlgRn! ARkty'W iftrdahie al TifmbA¢ YdRpHideds maniTestetDBF am fcrda8@ i indgtect abl y

w th unrel ated pol ypeptides under simlar conditions. In addition,

r econbinediatedanmotediai. denhagernerd of bameral immaniy Kambnfgteamiaad bhofer example,

i ncl udi ng._bot h. ony= huk j , i i
ot andat BeEasrHa R BRgn fR MERDARE kUL, PARLGoR S oPECITRATRIRIAG . i on.
Al SO i ed bed@dasoddbyn fdrexaimple)a pasitive okiyi' testr atdtoag Mecdl sassay GLISBOThssdyab,
F(ab'). The FTR specific monocl onal antibqdies of _the invention . h v&?

’n

speci f fas IRNrgamHga actli-¢i Adivgnisare wgH kaopgar theqnt | Exenp)awmdiyviaisdaglu

pat hog ieﬁa&#fé@rehﬁ%ﬁ:@ﬂ?&%ﬁQgix%r%t%%miﬁ?ﬁhﬁete%ﬂ%ﬁ@Qﬁbiﬁﬁhiagﬁﬂf%ﬁé, can be

prepared usihg mnet or exanpl e, hybridoma, reconbinant, phage
di spl aMF5&8read€B#AIL nat ori al anti body technol ogi es or a conbi nation thereof.
The techni ques and protocols for production of nonocl onal antibodies are

genera descri.bed,,in, far exanpl .Har| o nd | ane S, i hes: A
| abor altrh%/?%ﬁﬂtél?qég' &P 156%75%87%5158@/0§§§%W}ﬁ85§%d%’@%HO%SC(%H r bor
Labor ah@ive pgae@sisof(ik@fHogldbalih avsledulél . Antldvidieg cAnbé beghed by Anyafanatietyy
Manual , Col'd Spring harbor Laboratory Press (1999);, C Borrebaeck, ed.,
Ant i boelfteehminursdnpyg:to those skilled i thaaridsce. fonexamplse Biaplogranddeane, pybl i sher s,

pp. 13Q: 120, ), td j the F7'R
1 oot 1A i Qb MBnT P el RIS GRIG Birooy BARRAL LS LSRR Balor e genc
sequendley., ¢988)b&he pectentinvartioaysovidyspagclpod] ynd alanotliodel antihgeéies that bod
exanpl e, these sequences, c be used to.identify and expr.ess reconbi nant

ol ypeptsctibaly &4 RAIAPSRIjde o dhe P ERtEn FAFAERIE F VAT Hﬁé%fﬁ@ﬁ%@?n% e
sequengasafd Rl ihl QitRh! JorRRaHRindRIdE @38 0laBoh B Altfood§ HESBIE @ad/ or

di agnosti ¢ assays described hereinafter, ‘and can al so bée included as

conponesritasin@hlykornesspeeies)of andigay hoskingsitei capablf of invmenngacting wigh apaitisylaand/ or

di agno%}%i{o%e% %‘fi%?y'peptide of the invention or a fragment or variant thereof. Monoclonal

antibodies can be coupled to one or more therapeutic agents. Suitable agents in this regard
include differentiation inducers, drugs, toxins, and derivatives thereof. A therapeutic agent
can be coupled (e.g., covalently bonded) to a suitable monoclonal antibody either directly or

indirectly (e.g., via a linker group).



The conpositions of the present invention in inhibiting FTR can be applied
to subjects who are suffering froma w de variety of fungal infections

i ncl udi ngveygompesmsi s and nmucor mycosi s. The conposi ti on®cofustéie/ovoszent i on
can further be supplemented with other antifungal agents (e.g.,
Amphotericin, Deferiprone, Deferasirox). Alternatively, the conpositions of
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expressi ng such 5i mmunogeni c i nhibitory nol ecul es can be introduced into
prokaryotic or eukaryotic cells via conventional transfection or
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a fungal conditjon. A fungal condition is an aberrant. condition
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includes, for example, a decrease or reduction in at least one symptom of a fungal condition in
a treated individual compared to pretreatment levels or compared to an individual with a
fungal condition. The term “treating” also is intended to include the reduction in severity ofa
pathological condition, a chronic complication or an opportunistic fungal infection which is
associated with a fungal condition. Such pathological conditions, chronic complications or
opportunistic infections are exemplified below with reference to mucormycosis.
Mucormycosis and other such pathological conditions, chronic complications and
opportunistic infections also can be found described in, for example, Merck Manual, Sixteenth

Edition, 1992, and Spellberg et al., Clin. Microbio. Rev. 18:556-69 (2005).

The term “preventing” or “prevention,” as it is used herein is intended to mean a forestalling of
a clinical symptom indicative of a fungal condition. Such forestalling includes, for example,
the maintenance of normal physiological indicators in an individual at risk of infection by a

fungus or fungi prior to the development of overt symptoms of the condition or prior to
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candi dpahbbgicabtondétims, chrodic exmplitaions or tiseestiiilityao dn wppartistenbfeaties of
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bl oods??séélﬁiedé’ﬁlﬁb% unegpleq lt}"rﬁ"rrunocorrprom sed individuals. Candidiasis WO
2010/ 107500PCT/ US2010/ 000820 25 also is known in the art as candi dosis or
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' ncl Ud?’d fx(a?rlilp €, nHE orm %lr Iyéaars 1n(fect10n) subcutaneous mycoses (i.e., fungal diseases of
subcutaneous tissues, fascia and bone; for example, mycetoma, chromomycosis, or
sporotichosis), and systemic mycoses (i.e., deep-seated fungal infections generally resulting
from the inhalation of air-borne spores produced by causal moulds; for example, zygomycosis,
mucormycosis, coccidioidomycosis, blastomycosis, histoplasmosis, or

paracoccidioidomycosis)

As used herein, the term “zygomycosis” is intended to mean a fungal condition caused by
fungi of the class Zygomycetes, comprised of the orders Mucorales and Entomophthorales.
The Entomophthorales are causes of subcutaneous and mucocutaneous infections known as
entomophthoromycosis, which largely afflict immunocompetent hosts in developing countries.
Zygomycosis is also referred to as mucormycosis and the two terms are used interchangeably

to refer to similar types of fungal infections.

As used herein, the term “mucormycosis” is intended to mean a fungal condition caused by
fungi of the order Mucorales. Mucormycosis is a life-threatening fungal infection almost
uniformly affecting immunocompromised hosts in either developing or industrialized

countries. Fungi belonging to the order Mucorales are distributed into at least six families, all
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exanpl e, Cunni nghanell a bertholletiae. Various nethods are descri bed herein
for ef fRélobolecden Naksenaamaear; SFARPhalasicateae arrdl Ombelopsitlacegri Gach of thegeat nent

of nucaqr osis and.other fungal diseases. These inhibitin t hads invol ve
Vaco! ndwiE Sitviigs AT as O it SOHES. ot ahed Bl S % pab o of
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will reduce or prevent the growmh of the fungus in the infected tissues by

i nhi bi cPnegrbifaED)idrinamusar (¢ &ndpeleg@ms)iArarioruierst(F @nst. rorodlpAPsanyEoEXees:
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var i antbrefeldii); Circinella (e.g., C. angarensis);, Cokeromyces (e.g., C. recurvatus), Dicranophora
(e.g., D. fulva), Ellisomyces (e.g., E. anomalus, Helicostylum (e.g., H. elegans), Hyphomucor
(e.g., H assamensis), Kirkomyces (e.g., K. cordensis); Mucor (e.g., M amphibiorum);
Parasitella (e.g., P. parasitica), Philophora (e.g., P. agaricina); Pilaira (e.g., P. anomala),;
Pirella (e.g., P. circinans), Rhizomucor (e.g., R. endophyticus); Rhizopodopsis (e.g., R.
Jjavensis), Rhizopus; Sporodiniella (e.g., S. umbellata); Syzygites (e.g., S. megalocarpus);
Thamnidium (e.g., T. elegans), Thermomucor (e.g., T. indicae-seudaticae),; and Zygorhynchus

(e.g., Z. californiensis). The genus Rhizopus, for example, consists of R. azygosporus, R.

caespitosus; R. homothallicus; R. oryzae; and R. schipperae species.

The Choanephoraceae family consists of fungi genera Blakeslea (e.g., B. monospora),
Choanephora (e.g., C. cucurbitarum), Gilbertella (e.g., G. hainanensis), and Poitrasia (e.g.,

P. circinans). The Cunninghamellaceae family consists of genera Chlamydoabsidia (e.g., C.
padenii);, Cunninghamella (e.g., C. antarctica); Gongronella (e.g., G. butleri); Halteromyces
(e.g., H. radiatus), and Hesseltinella (e.g., H. vesiculosa). The Mycotyphaceae family consists

of fungi genus Mycotypha (e.g., M. africana). The Phycomycetaceae family consists of fungi
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pol ype fared gepiayldmnbelppss Egmplexedlaih copper oxi dase in yeast, transports
ferric iron nearly sinmultaneously to the oxidation step. In subjects with

@55&1% rric iron
(Fe3+) %Vﬁvug% fs;%rgﬂlfnmggéﬁ? fi(g%ﬁ%g@ 5%%%%@]% %?ﬁgie?fgﬁ rri nQr}dr%lF See Figure
4. Fe3pharmathgival gdde salvaits,thuéfecs bils, dmdsadepermohemfdmsoammgs {sb@aic)andl n

contras deferoxam ne (D) directly chelates jron fromtransferrin
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r educt igede materkads appirppriate fardhe chasebotode ofgdministrationus g impertios, ngrenasdl zed

back gdrfnﬁlrlsrtl (t:lolrlrcg)rgl §d¥ni(r:nosPrg§(r)n Cg:)t(cI dl%sr%hé %ergg(eis%?%helg invention, the terms
“pharmaceutical” or “pharmaceutically acceptable” further refer to compositions formulated.
by known techniques to be non-toxic and, when desired, used with carriers or additives that
can be safely administered to humans. In a specific embodiment, the term "pharmaceutically
acceptable" means approved by a regulatory agency of the Federal or a state government or
listed in the U.S. Pharmacopeia or other generally recognized pharmacopeia for use in
animals, and more particularly in humans. The term "carrier" refers to a diluent, adjuvant,
excipient, or vehicle with which the therapeutic is administered. Such pharmaceutical carriers
can be sterile liquids, such as water and oils, including those of petroleum, animal, vegetable
or synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the like. Water
is a preferred carrier when the pharmaceutical composition is administered intravenously.
Saline solutions and aqueous dextrose and glycerol solutions can also be employed as liquid
carriers, particularly for injectable solutions. Suitable pharmaceutical excipients include
starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate,
glycerol monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol,

water, ethanol and the like.

The term “immunogenic amount” as used herein refers an effective amount of a particular
epitope of a polypeptide of the invention or a fragment or variant thereof that can induce the

host immune response against the polypeptide or the infectious agent expressing the
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function resulted in diminished iron uptake and diminished virulence in vivo, and passive
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disclosed herein, [assive immunotherapy against FTR1 is a viable strategy to improve

outcomes of these deadly infections.

Accordingly, different compositions are disclosed herein for effective inhibition of FTR
molecule and/or its function in treating mucormycosis or other fungal diseases. These
inhibitory compositions include vaccines, antisense, siRNA, antibodoy or any other
compositions capable of effectively targeting and inhibiting the function of FTR. Such
compositions will reduce and/or prevent the growth of the fungus in the infected tissues and
will cause organism death. The compositions of the invention also are useful in prophylactic
settings to decrease onset and/or prevent infection from occurring. In addition, any of the FTR
inhibitory compositions disclosed herein can further be supplemented and/or combined with
other known antifungal therapies including, for example, Amphotericin B or iron chelators.

Exemplary iron chelators include Deferiprone and Deferasirox.

In one aspect, the invention provides a vaccine composition having an FTR polypeptide or an
antigenic fragment or variant of the polypeptide. The vaccine composition also can include an
adjuvant. In certain embodiments, the vaccine composition of the invention has an FTR
polypeptide (SEQ ID NO: 2) shown in Figure 2 or an antigenic fragment of the FTR
polypeptide (e.g., REGLE motif), a pharmaceutically acceptable carrier and/or an adjuvant.
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of 1 tgengakiydessribechinafinexample, Modo Peyeifand M. JgDlevwiman, edsse Vageine hiesighn t he
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i mrunoprot ective response. Pdrticularly useful imunogenic anounts include
an anount of FTR@EP' ypeptide that also is devoid of significant, adverse
si de effT& pslypentidte, anopaptidaifiagmentsyor dapents thegeod sam inchuslei immunegericc st rengt h

of an FTR pol ypeptide sel egcted .for vaccination, 5S5Usef We i C anpbunts
of an ﬁ?’[—@‘%& %’E‘ tcimage bcfenﬁﬁﬁiﬂ la%rrﬁe\({:hqdrcsé(aﬂ‘évﬁtm{}}?ear%o ‘#eﬁ‘é'll!u%gg%gr exanpl e,
doses lRngpRIGEYRMeakloWrocl N0 ci .Scl. ISze 8123 998€mgx)). nBrieRy, Husdfedb of

i mmunogeni ¢ amounts of an FTR pol ypepti de, or i munggeni ¢ fragnment thereof
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using a variety of antisera. Antiserum against F7R protein can be obtained by known

techniques, Kohler and Milstein, Nature 256: 495-499 (1975), and can be humanized to reduce

antigenicity, see, for example, U.S. Patent No. 5,693,762, or produced in transgenic mice
leaving an unrearranged human immunoglobulin gene, see, for example, U.S. Patent No.
5,877,397. Once an epitope bearing hexapeptide reactive with antibody raised against the
intact protein is identified, the peptide can be further tested for specificity by amino acid
substitution at every position and/or extension at both C and/or N terminal ends. Such epitope
bearing polypeptides typically contain at least six to fourteen amino acid residues of SEQ ID
NO: 2, and can be produced, for example, by polypeptide synthesis using methods well known
in the art or by fragmenting an F7R polypeptide. With respect to the molecule used as
immunogens pursuant to the present invention, those skilled in the art will recognize that the
FTR polypeptide can be truncated or fragmented without losing the essential qualities as an
immunogenic vaccine. For example, FTR polypeptide can be truncated to yield an N-terminal

fragment by truncation from the C-terminal end with preservation of the functional properties



vacci ne of the invention can be ascertained using nethods well known in the
art such as determ nation of antibody titres and ot her inmune responses in
subj ect s we 2ewenpionf i ed previ ously. Foll ow ng an initialPcraseonrnmadoson,

subj ects receive a boost in about 3-419nweeks. Vaccine delivery nethods is
further described, for exanple, in S. Cohen and H Bernstein, 5eds.,

"M cr op¥ithe malesule aspsimmunpgen. t fimibelyi Geeynipg! frremantheandieRevaratddids ( Drugs
and The_Phar t j €5) i1, A r J . 996) .
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presentg | ' Lncl: : j [ td (W l es. As
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i n, forackicaeeghenpermblly nsaful plopShiendesanbedher&inantsiine natvs prot¢ibNA Vacci nes
(Met hods in Mol ecul ar Medicine)," Hunmana Press (2006); H Ertl, ed., "DNA
Vacci n " Kl.uwer Acadeni Pl enum Publishers (2003).. vacci nes can be
P od sy SR A SO RES IR oL 1nSeRfon Hetnet sriae CR eRliond EeySGE i coei on
SY St eNMEarrid?e SSuitbild @ He8ArsSwall RABwh ¢ tHede o Pk &t thetaktC , THEBE@cieN, and yeast
expressi on systens. For exanple, one approach is to utilize a viral vector,
such asomnesitiohaican baprepared ipbauid Uy doprefonay, GEhesoptonal cempgnents,¢.g.,
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a " nakeglectedIbyrunelofekillde thd are. Howepdry theopipositiordcdiN. lybphiligel 4ridon, t he DNA
can be stabl,%/ transfected jnto_ attenpuated bacterja such as Sal npnel | a

t yphi mIFFQRHIdeRriof tQ uss: edkternativily) the, vacsins GOMROGItRNE FARt PrPrEPARE i Hed

Sal monel)ifrer g@&%ﬁgﬁ the BhReh &@S@%@gﬁgtﬁ@gyg ?. StPALEN §8midisttfiBnIsthl

(i.e., secon old tissu nmul at e an | nmune
r es ponsaeministratdti, £ico i he PEpavatomi ofesphaamadeaticallyi aceemablb yawand, dayingfdue

wel | - known . del j.very vehicl es such, as, f.or .exanpl |d.pid nmonol ayers, WO
2010/ 1d?%%&ﬁiﬂu@%’i‘&f@o%@ng@‘g‘# %&r@ ,“”@fn @’E§FQII %tjstﬁg B%h as i posones.
Agent s such as saponins and bl ock-copol yners, which are cormmonly used to

per meabyld in#RurogbhiSity 68thealasEin® Cod &t MstdT thiNAvyiRim daaFurths tdesnsndeadf
earlier, DNA vaccine conpositions of the invention can include .
phar madbevacsine furthercomnitseran adipyar substance: Vaspuymethods siachionpe ydivvante

CONpOSi ﬁtf}“eg{]@r gie ?:ﬁt?ﬁi@: 'apeeﬁow Rl rip&gﬁg ﬁi}@ IR hRVds dretdeah ehy TH&FS/ out es

cont enp ate e pr esent 1 nventi on. routes I nclude I ntranasal;

oral, radtPahcticabgpplidation of Adjmyvans!',a995] Dunadeds. §e$tewad-Rulbed) AlvhoVEiley &

adrp n! SStornzél It(?HSBN 0-471-95170-6, and also in "Vaccines: New Generationn Immunological
Adjuvants", 1995, Gregoriadis G et al. (eds.), Plenum Press, New York, ISBN 0-306-45283-9,

both of which are hereby incorporated by reference herein.

Preferred adjuvants facilitate uptake of the vaccine molecules by antigen presenting cells
(APCs), such as dendritic cells, and activate these cells. Non-limiting examples are selected
from the group consisting of an immune targeting adjuvant; an immune modulating adjuvant
such as a toxin, a cytokine, and a mycobacterial derivative; an oil formulation; a polymer; a
micelle forming adjuvant; a saponin; an immunostimulating complex matrix (ISCOM®
matrix); a particle; DDA (dimethyldioctadecylammonium bromide); aluminium adjuvants;
DNA adjuvants; and an encapsulating adjuvant. Liposome formulations are also known to
confer adjuvant effects, and therefore liposome adjuvants are included according to the

invention.



The DNA vacci ne conpositions for parenteral adm nistration include sterile
agueous or non-aqueous sol utions, suspensions or enul sions, the protein
vacci ne, woadosmoawpuvant as descri bed herein. The conpogcriuseoioamsde i n t he
formof aliquid, a slurry, or a steriol e solid which can be dissolved in a
sterile inLectabIe medi um before use. The parenteral admnistration is
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accept alfl IR squeree (agdSEQ H Nayj 1) ¢hown irFigaresdt il ¥-dBya trhiseripfioe peomtoteracci ne
conpositions can pbe adm nistered via a nucqsal route, in |.1 abl e dose,
and | n_aal_d|ait&ﬁ&lﬁﬁrlmﬁfﬂmaﬁtow‘@rer%taﬁhﬁh?@ﬂ%%r@lﬁﬁperﬁw_tlwkeir%@eﬁw‘%qﬂgﬁ can
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i nvention also provides a netho treating or preventing a fungal
condi t i teminaton Ehbpreparation nEBWA hancewk is ganetalkyidescréhedos, fagexsamplefMngi to an

anti se agai nst, FTR one emnbodi, ~ the antisense jncludes a
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FTR nuclegkindf” SREH4AR Peess (ZOBRAY Nexrt1, D CONPEVhcdiMe, TRIEMR WcdgerbielPRAGA Of
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ment for
such syqf@sisthavs bsl shobm t6 envdricak sengkaraad inuet pbciffe ipplneksiims yshaman  Any
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synt hesiHokey ctaleSmIMggbAeEIeaTraedd 29 620 (4008 A igensral the Roteney of MY se
skilled,l i : : i 400, 1 Ak i :

o epar o Pk ficfEhtes wilen! SnftiR Wth haSORME b CoditoPldTBiohATRMBNIRIRE,
der i vatForesample, deswkinsdueaad, farexampla MIPs Bnwbemusideisadpoaots dod BYA e

(e.g., an antjsense .ql.i gonucl eoti de n. be em cal.l y. synt hesi zed usi ng
nat’uraI‘_f%‘if"BE%]il?_rVFitﬁegamh@’%@d?‘?%‘é?_vafleeya‘ﬁﬁ’tguwa I?rf’tedglﬂﬁ%llaé‘ EFHRSSHE S gned
to hybricls z&rek)ib tiRe HARHRISAticneGHeOTHefrequiaitat 6€ABCs to WP sites such as muscle
2010/ 107500PCT/'US2010/ 000820 30 pronoter, enhancer, or transcription

i ni tiatwhere thegt aneyrelatvely howsilavelstnd Ay wilbgigatlpincragee thpRogrngs of gh
triple-helix formation., Alter.nafi t] ugh el ' ul e
can’ bo. e R TEGRNGISEGR. & Fokine) SRR, o SRRRpR BCrohey fRNSET
t hus i ngtijiiaht foR®NA aasdinds @n redruit Bhdritid delis bid progndtd eheldi suavingl avthet he
transcript to ribosones. The antisense mfat hods and i
' immunization site. Molecular adjuvants such as, for example, Fas that induce cell death can
also increase the potency and efficacy of DNA vaccines. Adjuvant-mediated apoptosis and
necrosis have been shown to provide more antigens to APCs. Other molecules such as for
example, poly(lactide-co-glycolide) (PLG) and heat shock proteins have also been shown to
act as adjuvants for DNA vaccines. It is well known to those skilled in the art that adjuvants
) can be combined with DNA vaccines as intact molecules such as, for example, intact

molecules, or as vectors expressing such molecules; for example, plasmids expressing GM-

CSF.

In addition to vaccination of subjects susceptible to fungal infections such as mucormycosis,
the vaccine compositions of the present invention can be used to treat, immunotherapeutically,
[ subjects suffering from a variety of fungal infections. Accordingly, vaccines that contain one
or more of FTR polynucleotides, polypeptides and/or antibody compositions described herein
in combination with adjuvants, and that act for the purposes of prophylactic or therapeutic use,

are also within the scope of the invention. In an embodiment, vaccines of the present



5protocol s are generally described in, for exanple, C. Stein, A Krieg,
eds., "Applied Antisense A igonucleotide Technol ogy" W/l ey-Liss, Inc.
(1998); owoUom/10Pmbent Nos. 5, 965, 722; 6,339, 066; 6, 358pPe3AS2@0a0@2859, 124.
The antisense conpositions of the invantion can be delivered to a subj ect
in need thereof with variety of peans known in the art. For_exa I
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parti cl gSeclitPosomes or mcrobubbl es containing the antisense conpositions
in releasable formcan be used for direct delivery of the conpositions into
tissues via injection. In sonme enbodi ments of the invention, the antisense
ol i gonushatliriagpest ofitheheventiep a¢latds tmalphkrinavertied! ¢ampositianafor tresntr@rors uch as

hepatitis B f le,.Ji et al., J..Vi Hepat. 4:167
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SRes. 7RKibitér G LR Qdotdd froh thé gRfuPonSi¥EiLorta huttdodde BequeHEe thatisl im ted to

an HVJ(Sendai virus)- |iposone gene delivery system (see, for exanple,
Kaneda sebstantiallxeamplimentany tja p&gion of an FZRsegusice; 1D 9ot1da sewee@w thatisect or "

(see, sgf)st%%ﬂg me%% Eo 8 easp?% A&rﬁ& o§§: ny cléotld%%)as F@% %e e(‘Te) %I as a

gene in an e

Proc. halt:leou&cCRNAlSequenbb ﬂiaA;s sﬁBStMﬁDly%ﬁﬁ)h&ﬂeﬁh%H to Memaseu 8 abnngdum Cene
Ther. 8:575 584 (1997 as a )gene in a peptide-DNA ag ate (see, for
exarrpl @ucleptide basespf ATR sgqueppgsjan antbody orantivedypiragmentahere hyyspeaﬁcalhaked

5, 589, 4665&)% ' pl |é§m\(/igts: eE@é gt ept?%egcgoai?%?nﬂgglr?gfé al{)ee et aI Crit
Rev Th qrhaﬁhanguﬁkaﬂlm aece;&hit exdldmtlﬂ(& cafrter( 19619 gmbadiment thecplan@dcdutipals ones
(Mann et al 4\Io 5,213,804 issued Can 25, 1993; Wodle et al.

U. S. Paff)mpﬂf)‘h(’%f‘ﬂhfr%“ 2p@AUaM- 7, 1991); cationic 5liposomes (Epand et
al., US Pat. No. 5,283,185 issued Feb. 1, 1994; Jessee, J. A U S. Pat.

No. 5, Hiflisérie nuSkuestidMblecifes of @R6nvERAA @h beldesibhed udiad theMclebiide’ 9, 833
I ssued Jan. 18, 1994; Gebeﬁ:ehu et al U S. Pat. No. 5,334,761 issued Aug.

2, 1994%quegges afi SFQID NQr bdipenseels é&rﬁb@r cemplgmentary sfrarst andigy. a BOrea 0035

795 My oy by 005 RGEARYL B JRGLAS e o et
No. 5, BZihegkheiis sm@deemg F8r exifle, 4o mmaasnsemallelc, acld folelale. (e NQ.ananbfehsS886
llggg)e d oﬁégnuc}eotlde) bewhemlca?ly syntylesmeclD using natura?ly]b%gur:r)’%g nluglségt? esl\cl)cr)v 24,
variously modified nucleotides designed to hybridize with a control region of a gene (e.g.,
promoter, enhancer, or transcription initiation region) to inhibit the expression of the FTR gene
through triple-helix formation. Alternatively, the antisense nucleic acid molecule can be
designed to hybridize with the transcript of a gene (i.e., mnRNA), and thus inhibit the
translation of FTR by inhibiting the binding of the transcript to ribosomes. The antisense
methods and protocols are generally described in, for example, C. Stein, A. Krieg, eds.,

“Applied Antisense Oligonucleotide Technology” Wiley-Liss, Inc. (1998); or U.S. Patent Nos.
5,965,722; 6,339,066; 6,358,931; and 6,359,124.

The present invention also provides, as antisense molecules, nucleic acids or nucleotide
sequences that contain a fragment, portion or variant that hybridizes under high stringency
conditions to a nucleotide sequence including a nucleotide sequence selected from SEQ ID
NO: 1, Figures 15-18, or their complementary strands. The nucleic acid fragments of the
invention are at least about 12, generally at least about 15, 18, 21, or 25 nucleotides, and can
be 40, 50, 70, 100, 200, or more nucleotides in length. Longer fragments, for example, 30 or
more nucleotides in length, which encode antigenic polypeptides described hereinafter, are

particularly useful, such as for the generation of antibodies.



WO 2010/ 107500PCT/ US2010/ 000820 31 enbodi nent, a nucl eoti de RNAI sequence
that is substantially conplinentary to at |east 18 conti guous nucl eoti de
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al . Nu %fﬁ thé&@icdpRIN@Se relsditing 183126 ﬁglébtldézroﬂ% Sitetehéd of RNABI Phese ®eAls 2255,
10431 (1980); Capecchi, Cell 22, 479 (1980 and cationic Ilcggsomes

( Fei gneincasporated imogmnd uaound hy ake RN -indgping silercangeqmuslgy (RIS Qo ks strigl | y
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treati ngsmﬁngarnastﬂahmdl@lynd tlegalge OO el hROIA, isée Blbashij etcdl. (Natureadd; 491049801 |
i ncl udi ngoan anti body inhibitor_ of FTR 1In one enpodi ment, the antibody

i nhi bi t@P0L}- Hepes, @lﬁwcmﬂ%aﬂy@?ﬁ agngang &enhe rasgrtogand seradaaen of K4R | v

bi nds t fragnent thereof As described
earli errﬂ e an‘ﬁ(gﬂﬁuﬁgélﬁggl gors offnlg%éu e(gfaare capabl e of binding to and
i nhibition of FTR funct ion. The antibody inhibitors of the present

i nvent i Bhre wesenbinventian fafiRer propisies indmbitdry aaigrmsligs, (momoglanalartpol yedemabfandand

| nter rel %gen i)mdlng tlre?gr}llmgnlté thtepe%f F%Lgtta?flz Qagagﬁcgf blndmé to-arid m{n%rhon of FTR
function. The antibody inhibitors of the present invention can bind to 7R, or a portion,
fragment, variant thereof, and interfere with or inhibit the protein function, i.e., iron
transportation. Furthermore, such antibodies can bind to F7R and interfere with or inhibit the
proper localization or conformation of the protein within the fungal membrane. An antibody,
or antigen-binding fragment thereof, is said to "specifically bind,” "immunologically bind,”
and/or is "immunologically reactive” to an F7R polypeptide of the invention if it reacts at a
detectable level with the F7R polypeptide, and does not react detectably with unrelated

polypeptides under similar conditions.

In addition, recombinant antibodies, such as chimeric and humanized antibodies, including

' both human and non-human portions, which can be made using standard recombinant DNA
techniques, are within the scope of the invention. Also included within the term "antibody”
are fragments, such as the Fab, F(ab'). The FTR specific monoclonal antibodies of the
invention have specific binding activity to FTR, or a functional fragment thereof, in pathogenic

fungi responsible for mucormycosis.

Monoclonal antibodies can be prepared using methods such as, for example, hybridoma,
recombinant, phage display, and combinatorial antibody technologies or a combination
thereof. The techniques and protocols for production of monoclonal antibodies are generally

described in, for example, Harlow and lane, eds., “Antibodies: A laboratory Manual,” Cold



transportation. These antibodies can inhibit FTR by negatively affecting,
for exanple, the protein's proper nenbrane | ocalization, folding or

conf or matwonpiotssosubstrate binding ability. WD PCT/US2010/000820
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fory exa { Anti bodi es: A Laboratory Manual, (Cold
Spl’l ng Egleﬁ“lé %(g@i(g?%ﬁroﬁ lIcDr%essagS 2nd ed. 1988); Hammerling, et aI ., in:

Monocl onal Antibodies and T-Cell Hybridomas 563-681 (Elsevier, N Y., 1981)
(sai d r #herempestionsadthopmsed inentied gy mhiating ) TR ehn be applieditp sehjectTmdio are
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functi ot cambbdieshs FFRRINRENtaEcan further be supplemented with other antifungal agents

(e.g., Amphotericin, Deferiprone, Deferasirox). Alternatively, the compositions of the

Wl

invention can be applied prophylactically to all subjects who are at high risk of developing
mucormycosis or other fungal infections (e.g., via active immunization). This would not be
considered an over treatment giving the high mortality and morbidity of mucormycosis in view

of the current antifungal and surgical debridement treatment.

Further, the invention is also directed to host cells in which immunogenic FTR polypeptides or
) FTR inhibitory nucleotides (e.g., RNAI, antisense molecules) can be produced. The term "host
cell” is understood to refer not only to the particular subject cell but also to the progeny or
potential progeny of the foregoing cell. A host cell can be any prokaryotic (e.g., E. coli) or
eukaryotic cell (e.g., yeast, insect cells, or mammalian cells, such as CHO or COS cells).

Other suitable host cells are known to those skilled in the art. Vectors expressing such

(@)

immunogenic inhibitory molecules can be introduced into prokaryotic or eukaryotic cells via
conventional transfection or transformation techniques (see, Sambrook et al., Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratories, Cold Spring Harbor, N.Y.,
1989).

According to another aspect of the present invention, any of the above-described compositions
) can be used for treating or prevention of a fungal condition. A fungal condition is an aberrant
condition or infection causes by a pathogenic fungus. Symptoms of a fungal condition that

can be ameliorated by a method of the invention include, for example, fever, chills, night



di spl ayed on the surface of phage particles which carry the pol ynucl eoti de
sequences encoding them In a particul ar enbodi nent, such phage can be
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Spring Harbor Laboratory Press, | d Spring Harbor, N. Y. (1989).
reliability based on distinctive morphologic characteristics of invading fungi and/or by

b) immunohistochemistry and the like selective for identifying antigens. Assessment of the
activity of the infection also can be based on cultures taken from many different sites, fever,
leukocyte counts, clinical and laboratory parameters related to specific involved organs (eg,
liver function tests), and immunoserologic tests. The clinical significance of positive sputum

cultures also can be corroborated by confirmation of tissue invasion.

p) Fungal infection, or mycoses, of humans and animals include, for example, superficial fungal
infections that affect the outer layers of skin; fungal infections of the mucous membranes
including the mouth (thrush), vaginal and anal regions, such as those caused by Candida
albicans, and fungal infections that affect the deeper layers of skin and internal organs are
capable of causing serious, often fatal illness, such as those caused by, for example, Rhizopus

p) oryzae. Fungal infections are well known in the art and include, for example, zygomycosis,
mucormycosis, aspergillosis, cryptococcosis, candidiasis, histoplasmosis, coccidiomycosis,
paracoccidiomycosis, fusariosis (hyalohyphomycoses), blastomycosis, penicilliosis or
sporotrichosis. These and other fungal infections can be found described in, for example,
Merck Manual, Sixteenth Edition, 1992, and in Spellberg et al., Clin. Microbio. Rev. 18:556-

) 69 (2005). '

The fungal conditions caused by fungi of the genus Candida, candidiasis, can occur, for
example, in the skin and mucous membranes of the mouth, respiratory tract and/or vagina as

well as invade the bloodstream, especially in immunocompromised individuals. Candidiasis
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known to those skilled in the art including, for exanple, affinity (Ka or
Kd), assowoOavioom7soate (lcon), dissociation rate (kaff), paviuseaig/oons2a

conbi nati on thereof. Antibodies of th present invention can al so be
described or specified in ternms of their bindi ngl affinity to FTR Preferred
bi ndi ngakspfs krawei the A jag gendidesisconinemiliasiyi Bxeseplaty spacieppths geney Caedlidess

0-om 1 GRRiE: M e oly cinda Mt Cindlig Mgl bl opichl Ymdhdy 01 =%
5x10- 10labtara aml Condi@tapbhipsilosit1M 5x10-12M 10-12M 5x10-13M 1043 M
5x10-14M 10-14M 5x10-15M or 10-15M An exenpl ary approach in which the

ant i bodies .of the present,invention can he used as FTR Oi nhi bitors includes
b1 i ng 106 FSieal THSER SR IR Yb AT gles [Tt (r rauyle SIRFESI |y 1 n the
body or aﬂiér%illéﬁﬁtw}ﬁé’ﬁ RfFE &dthnia Ly stid AbRREs! 2R Adhusiis Patidhs; MR Heah @i Y

conpl ement (CDC) or by effector cells (ADCC). The antibodies of this

i nvent i espeegiHon® veidhashoapaoerehsedungifencedn patiengniyith atcakenediimmunityeuch as in
nonocl onal ._or_.chinmertc.anti bodi e or,.with | Kines ar hemat opoi etic

ar vt h_ asebpafePl B Mg BRI Fregipdtly and RS Hoig, Bssd RN AR R
serve t aspetdilloggsehithi widsdpesadahraughowti thy bedy, ahd eppdrtunisticl Spwhyilds i nt er act
with the antibodies. The anti bodies of the invention can be adm nistered

al one offestiopghBIchds FlpastrrizeddyHaflamynstion and {esions pbthesas grdother orgaps.

ex | e, bkt ' n | : L el ti bodi es
ar ?ng mAFvﬁés}%gl;qu génélg %ﬁ%hgfﬂ) ? Iglrli]&%gqi‘ %Fvﬁ e{;gg?%p &téers %ﬁ%ﬁ%y aaxlllvé Qf Vari ous

del i ver ynciydet forexanplekdgpengiding ficagatue and depdrgillag famiss t4spergiduseapetibody

i nhi bitors,of Othe invention, e.g9., encapsulation in |iposones
i or opaPtREAIeT disgise Sucls 1% atale e st/ emisaBiiand Agetedlye dvanus
| nt r odugih@Rxemplabd2s Wi /5 trf8Qfouk sPRARAndI8dd, To SARIPIR | 4spérBiTATHS E4Y Bid.

i ntraperitoneal, i'ntravenous, subcutaneous, intranasal, ‘epidural, and oral
rout es. Aspareidlys B/AdPE00PCT/ US2010/ 000820 34

> The fungal conditions such as, for example, zygomycosis and mucormycosis which are caused
by saprophytic mould fungi include rinocerebral mucormycosis, pulmonary mucormycosis,
gastrointestinal mucormycosis, disseminated mucormycosis, bone mucormycosis,
mediastinum mucormycosis, trachea mucormycosis, kidney mucormycosis, peritoneum
Mucormycosis, superior vena cava mucormycosis or external otitis mucormycosis. Infectious

) agents causing mucormycosis are of the order Mucorales which include species from Rhizopus
genus such as, for example, Rhizopus oryzae (Rhizopus arrhizus), Rhizopus microsporus var.
rhizopodiformis; or species from Absidia genus such as, for example, Absidia corymbifera; or
species from Apophysomyces genus such as, for example, Apophysomyces elegans; or species
from Mucor genus such as, for example, Mucor amphibiorum; or species from Rhizomucor

> genus such as, for example, Rhizomucor pusillus, or species from Cunninghamell genus (in

the Cunninghamellaceae family) such as, for example, Cunninghamella bertholletiae.

Various methods are described herein for effective inhibition of FTR molecule and/or its
function in treatment of mucormycosis and other fungal diseases. These inhibiting methods
involve vaccines, antisense, siRNA, antibodoy, or any other compositions capable of

) effectively targeting and inhibiting the function of FTR. Such methods will reduce or prevent
the growth of the fungus in the infected tissues by inhibiting the main iron transporter that
functions in supplying the pathogenic organism with iron. An immunotherapeutic inhibition

of iron transportation using a soluble FTR polypeptide or functional fragment or a variant



The conpounds or conpositions can be adm ni stered by any conveni ent route,
for exanple by infusion or bolus injection, by absorption through

epi t hel i avoantomoecsmeut aneous linings (e.g., oral nucosa, pceaisad1oam20
intestinal nmucosa, etc.) and can be adm ni stered together with other

bi ol ogical ly active agents. Adm nistration can be system c or |ocal.
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and/ or antibody against FTR for treating or preventing a
2010/ 10fes00rTm Bepofeori@@pga®bg Beduction at the cell surface. In both cases, ferrous iron is

reoxidized back to ferric iron by copper oxidase (Cu-oxidase).

Therefore, the methods of the present invention in inhibiting FTR can be applied to subjects
) who are suffering from a wide variety of fungal infections including zygomycosis and
mucormycosis. The methods of the invention can further be supplemented with other
antifungal agents (e.g., Amphotericin, Deferiprone, Deferasirox). Alternatively, the methods
of the invention can be applied prophylactically to all subjects who are at high risk of
developing mucormycosis or other fungal infections (e.g., via active immunization). This
[ would not be considered an over treatment giving the high mortality and morbidity of

mucormycosis in view of the current antifungal and surgical debridement treatment.

Accordingly, in one aspect, the invention provides a method of treating or preventing

disseminated mucormycosis or other fungal diseases. The method includes administering an



fungal condition such as, for exanple, nucornycosis. |In another enbodinent,
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can be applied to the treatment of mucormycosis or other fungal infections alike. Similarly,
given the teachings and methods described herein, those skilled in the art also will understand
that the vaccines and methods of the invention also can be applied to other pathogens having
) iron permease polypeptides with similar immunogenicity, sequence and/or structural

homology to the FTR protein described herein, including fungus, bacteria and the like.

The vaccine compositions are administrated in a manner compatible with the dosage
formulation and in such amount as will be prophylactically effective with or without an
adjuvant. The quantity to be administered, which is generally in the range of 1 to 10 mg,

) preferably 1 to 1000 pg of antigen per dose, depends on the subject to be treated, capacity of
the subject's immune system to synthesize antibodies, and the degree of protection desired.
Precise amounts of active ingredient required to be administered can depend on the judgement

of the practitioner and can be peculiar to each subject. Moreover, the amount of polypeptide
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t he i ngvaediges, SKluwer Academic/ Plenum Publishers (2003). DNA vaccines can be introduced

> into the host cells of the subject by a variety of expression systems. These expression systems
include prokaryotic, mammalian, and yeast expression systems. For example, one approach is
to utilize a viral vector, such as vaccinia virus incorporating the new genetic material, to
innoculate the host cells. Alternatively, the genetic material can be incorporated in a vector or
can be delivered directly to the host cells as a "naked" polynucleotide, i.e. simply as purified

) DNA. In addition, the DNA can be stably transfected into attenuated bacteria such as
Salmonella typhimurium. When a subject is orally vaccinated with the transformed
Salmonella, the bacteria are transported to Peyer's patches in the gut (i.e., secondary lymphoid

tissues), which then stimulate an immune response. In addition, DNA vaccines can be

delivered by variety of well-known delivery vehicles such as, for example, lipid monolayers,
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will be effective in,the. treatnen i nhibiti . revention of a funga
di sease G dommrdbr i st AP ol SARBo I el T echnt ques. 1 n
addition, in vitro assays can optionally be enployed to help identify

opt i mal THe EANye vachgeompdsétions €61 eerdaakbadminieragopimield skatilé Aguedoas brth@i-i on

wi Il also depend on the route of Uigrri nistration, and the seriousness of the
di sease2@#eOHDIRIMHONSnSUSRARFI S A IS IEORfe eRIBCHL YASF B nANd 28 adievant ayPRsAibuk

the pr a?ﬁEﬂeH. ORI coflHdsRBA Rk BRI He t8rift iofﬁlﬁqﬁifd?@ §1%ﬁg, 5 4 SietileV®1id Whch &ﬁﬂfebe
extrapol ated from dose-response curves derived fromin 5vitro or anl ma
nmodel t dissolsgdinenseril¢geétable ovddigm Befmphiss THel pas¢nterabadrhi@istiatompeut i ¢
utility of. the.FTR as ta?el asi s for.preventive nmeasures or treatnment,o

s In l&r ipo lgl

f
di ssem RETEACIRGIIYEY BaUhpY auon Xelver BHFH any FYEREIRdhE | on

of FTR nfex@BPirfisdnResed thase Vid R s@rRg£sSdodhatdbldqme sy ZBR w4OERE chimpdsiep! et ed
condition. Exanple 3 describes FTR expression in S. cerevisiae fir] null

mut anlt . cEyenntiie a phasracenticadly ereertaie carsiar Tﬁﬂ/g.anlcﬁéiﬂ‘é&?héi Abemptiyelpthe nut Fmt .
1! € gge’s%rﬂ gﬁgx{dﬁéggqﬁmgcfs}'t%n‘rﬁ RUEBL a8&nﬁ£1'ellf£§ bvilﬁﬁl%co&‘i rd(& g{lj H?’sﬁﬁ:?l%l? 9045% Q%e

describ serum i ron aval y Oon susc¢
m ce toif liguijt faen. Fxaorpl RImindaation, iesvidomespipesisivn Bawbe kditinisteréd o i N DKA
mce infected with R oryzae. Exanple 8 describes FTR polypeptide and its

1

WO 2010/190dseicebd /iors yith/aoueiabls caliShonpl ogy to ot her proteins. Exanple 9 _
describes the role of FTR gene product in virulence of R oryzae in the

DI CA noysgidveAgdn Ako PWQQH&H@QI o 8SAF MR btRnHg M YA ot inlal subfect

understood that nodifications which do not “substantially affect the

acti vi t yn erfed thezeofainichuiengsenpogingsnidsfungi to lan snfisenenagapmst £7&. dhooei ncl uded

W tyin teQa%oéjlemfeln{;I Itﬁé a(l)nr‘gisggsetigcﬁuéegvaer{]&clle%%d rsgci/deggedthat is substantially complimentary
to a portion of an FTR nucleotide sequence. In another embodiment the nucleotide sequence
of the antisense is substantially complimentary to at least 12 contiguous nucleotide bases of

FTR sequence.

The antisense oligonucleotides used in accordance with this invention can be conveniently and

> routinely made through the well-known technique of solid phase synthesis. Equipment for
such synthesis is sold by several vendors including Applied Biosystems. Any other means for
such synthesis can also be employed, however the actual synthesis of the oligonucleotides are
well within the talents of those skilled in the art. It is also well known to use similar
-techniques to prepare other oligonucleotides such as the phosphorothioates and alkylated

) derivatives. As described earlier, an antisense nucleic acid molecule (e.g., an antisense
oligonucleotide) can be chemically synthesized using naturally occurring nucleotides or

variously modified nucleotides designed to hybridize with a control region of a gene (e.g.,



Sherein. Accordingly, the follow ng exanples are intended to illustrate but
not limt the present invention. EXAMPLE | d oning and ldentification of
FTR Thi s ¥®anp/w7iescri bes the cl oning and identificati eaTafS2660B0as20 R.
oryzae whi ch showed considerabl e sequ¥nce honol ogy to high affinity iron
perneases of S. cerevisiae and C al bicans (Figure 3). The fol|ow n

descri b@gom@r@@ enkanger; AHARSCHBHRN dEatianTeging) @rl@b@&dh%gxm@m ofdbe FAKigsng

XADI €.y i PGEAL AANER bt ARe AP N BRRL S ORE £ SAk S SR oVed
IR AGR Brhidh, o} A

convent | on ecu gy, m cro ogy and reco t echni ques
W t hin dbsgsd tblhyblfldltzélmmthe trasiecipt bﬁEﬁhi(im:,emRNAe) endothas inddbif theltsanklatidine

I F h Mol I [ A
Labor at 6F £ TR Bitis e BmEa She ORI SPEe D oT P AUOPREROIAY ol o
Sprg ng ??d;@&ﬂs ard Xnerﬁ11>9§89crlbé’élirz@&t&a&§>ye2@es9e9n 880 MaS 0! A B df Ak Adae

Fungus ting La orat ory (University of Texas Heal th Science Center at San
Ant oni opllgﬁhucsle@tdeéﬁenhmsgf’swﬂavédSSf irmr(w%b,anrm SbBaetNosn 5268i73Bet i ¢

subj ect h nycosis. To clone the FTR of R oryzae, we
used dea\gﬁg%&%eég%%f ggsg%cléé fromthe conserved regions of the S
cerevisiae FTRto anplify a 0.6 kb fragnent from R oryzae genom c DNA

Thi s fr gyeantiseabosetboiiiéns offtedgyeritionJan dedeNvaede fhiBjenih Meddrtheteaditho a
2.0 kb frag{mant of R oryzae enom ¢ DNA cut with EcoRI. We used this
PCR- gen&rugty @t Preapniinvisinghe ar e EAr exanple.gRIFartsdisonr 25 POIYSIENRade i n

k- pj“agemlfx’ogﬁmglegflﬁ&@e{%{rad&%&ﬁ%@lgﬁl oéo’iﬁés%%c?d%ﬁbﬁl%Porﬁﬁ’iﬂht%gﬂé%@seﬁsé‘b

fragnment up treat restriction enzynes equence
anal ysi sompost.ihoms i rélezislab@efnmncm bé¢ osed foedredt ddliveryg loﬁgiee:ongmmtiloeaditm gsfuesine

of 1101 bp that cked rons ari son o t he ive ptide
ot SRS gR hr R SRS BRI as S0Gsensk Sh e s U0t Bcs

| denti t yrdn@rednaWiieliveredin 11941 REfor QuéWaSIHeP/BS]tltﬁ)oeB Wﬁﬁ§€s‘éeff6989c&aplé|ﬂ'e9ﬁn3 and
S. cerevisiae, respectively (Fu et al Mcorbiol. Lett. 235:169-176

(2004)) Vlwl:pr@il & lﬁé@;?bﬁlé?%ﬁ) ithadeppedsasiatel ‘alms{@eeaémobxgmmife Xdeo @tfalFBraRn

p) Res. 756:76 83 (1997)); or in other systems including but not limited to an HVJ(Sendai virus)-
liposome gene delivery system (see, for example, Kaneda et al. Ann. N.Y. Acad. Sci. 811:299
308 (1997)); a "peptide vector" (see, for example, Vidal et al. CR Acad. Sci III 32):279 287
(1997)); as a gene in an episomal or plasmid vector (see, for example, Cooper et al. Proc. Natl.
Acad. Sci. U.S.A. 94:6450 6455 (1997), Yew et al. Hum Gene Ther. 8:575 584 (1997)); as a

) gene in a peptide-DNA aggregate (see, for example, Niidome et al. J. Biol. Chem. 272:15307
15312 (1997)); as "naked DNA" (see, for example, U.S. Pat. No. 5,580,859 and U.S. Pat. No.
5,589,466); in lipidic vector systems (see, for example, Lee et al. Crit Rev Ther Drug Carrier
Syst. 14:173 206 (1997)); polymer coated liposomes (Marin et al., U.S. Pat. No. 5,213,804
issued Can 25, 1993; Woodle et al., U.S. Pat. No. 5,013,556 issued Can 7, 1991); cationic

b) liposomes (Epand et al., U.S. Pat. No. 5,283,185 issued Feb. 1, 1994; Jessee, J. A. U.S. Pat.
No. 5,578,475 issued Nov. 26, 1996; Rose et al, U.S. Pat. No. 5,279,833 issued Jan. 18, 1994;
Gebeyehu et al., U.S. Pat. No. 5,334,761 issued Aug. 2, 1994); gas filled microspheres (Unger
et al., U.S. Pat. No. 5,542,935 issued Aug. 6, 1996), ligand-targeted encapsulated
macromolecules (Low et al. U.S. Pat. No. 5,108,921 issued Apr. 28, 1992; Curiel et al., U.S.

) Pat. No. 5,521,291 issued Can 28, 1996; Groman et al., U.S. Pat. No. 5,554,386 issued Sep.
10, 1996; Wu et al., U.S. Pat. No. 5,166,320 issued Nov. 24, 1992).

The invention also provides a method of treating or preventing a fungal condition in a subject

in need thereof, including exposing said fungi to a small interfering RNA against FTR. In one



WO 2010/ 107500PCT/ US2010/ 000820 39 pol ypepti de showed significant honol ogy
with putative transnmenbrane domains fromsS. cerevisiae and C. al bicans FTR
| npor t antwg,20tdn@7@at ati ve REGLE notif in which the gl ut aorwsaciodorsesi due i s
believed to interact directly with ir3n was conserved in the predicted

am no aci d sequences of F7'R polypeptide fromthe three organi sns and was
enbedde8mppadigeny; dryisleaBfe ROAS seatense thahis sybsfartially camnlimentaty Itg at lsesitlBer n

bl ot an j ' . i - Drxal. |+
orai andtsBuShudtoRXEas JITHNRUAE iFiledt Bilble oriing M P PR
Sout her nuditatideaaquiense sr afragnentrthier@ef. gDNA usi ng the ORF of FTR under | ow
stringency did not reveal any other bands, thus indicating that the FTRis

FTR 1 BouglerSandseiR, (SRNal sl tuoB e oRie pHne KarhRpRAAIRBER e hat FTR
I S EXPr egfukade-PecilicPost- trhrR¥ApSoral g&ie d'ifeﬁgngﬁ‘rphﬁh?gré"aﬁﬁﬂistﬂyoelf‘&op%%ﬁﬁ%i on

of high affinity iron perneases is usually induced in iron-limte

envi r onAeRNS iatatfesensp (RNLel Inrthe prasentiiyendiani asslesesitied in Fzample , RN AbhasFTR
pol ypept.i de nct o high-af fi-nity iron.pe se, we exam ned FTR
expr ess%%e% Rr%garr(g&s%%dqnlzsgat%% |kaf(2°rvghfg? gc?r’% reeﬁ??%frf %P?%P“*@%T@Eelﬁ&] oryzae

mycel i amesenyzobis @efeatbnyynd id ddiag s®1 defmdnsteael 4 drahiadc effaétnRbdl 8l Mdxt r ose
broth (PDB) supplenented with the iron chelators, 1 mMferrozine and 100mM
of 2, 2' BiojFtipApeaingtdhe dertioni ron starvation. The nycelia were transferred
to PDB previously chelated for iron, and supplenmented with varying

concent frat LiRMEA &f ushsiiy ARtk es gg%ggggﬁcgﬁi&l EQhpatise Ak Adﬁ&iﬁﬁ&ﬂiéﬂ cdiS

expected, FTR expression was In time poi nts when the organi sm
was expbseairicd ontdri knoef inctheds, wherdie Glndicleiharidddhtroduced intba@tSiredmrget ed i n

rapi d suppressi on.of. FTR expressi qn as, earl s.5 m.nytes af.ter exposure.
Fur t her CE1L 878 Ghfsy a4 GRmBIoBriRed EsPe Lenr s pidhies indl il ciiB o haebtden:
W th a DEAE-gatiadele@fdhorARInthnd8kicRARBCidh ntRiFRNR t1R1ds360:HAM HeEM3ir@Ss2,

conpared with 50p. M FeCl3. Consistent” with these results, 5FTR expression

was und&edPdd); Mefhsehamet el. i b Naglr Eapgesmsti 41, 8 AE(1P68) Chichalndliclifcidaii:s.
Th | , te that. i s i.ad i L ran-depl gt
S on S L (LATBRER\ Pl PigT TR 25BCHESH Sk R, b a7

transcr (1980p Ia?]cﬂ Satidr@iﬂtij)qsomg Faped ebyll. Phe. Blllﬁﬂuﬂbadﬁr?ci UEA 84) 74 m(lmg))u m
(Figure 5). This ti transcriptional regulation has been reported in
yeast afeMm r‘f‘?‘%é?‘fﬁ%éfi'@ cpgonip dipkkiosmplaipps arse. g 146 38T irpwsed) osicti vation to

changesLjp@fgc%ﬁiﬁg@ddml(ﬁ{viM%B concentration. Such tight regulation |ikely
allows the organismto avol 2oxi city caused by excess iron. O note, these

results also denonstrate that FTRis likely to be expressed in vivo (see
bel ow) Ehemvemrtion dlgsprovidas amethas] efteatidg av prevelting afingah donditiobas assbjettr ee

iran concentrati Qn in these hosts.is .still ected to, be veral, qrders of
mmgni ¢ P SRR e Ptk B8 insSeiBs oE7 Bs 6 50f GmbaggTent. e aitibody
inhibitor of F7R is an antibody or antibody fragment that specifically binds to an FTR

nucleotide polypeptide or a fragment thereof.

As described earlier the antibody inhibitors of FTR are are capable of binding to and inhibition
of FTR function. The antibody inhibitors of the present invention can bind to FTR, a portion,

) fragment, or variant thereof, and interfere with or inhibit the protein function, i.e., iron
transportation. These antibodies can inhibit F7R by negatively affecting, for example, the

protein’s proper membrane localization, folding or conformation, its substrate binding ability.

The antibodies of the present invention can be generated by any suitable method known in the
art. Polyclonal antibodies against FTR can be produced by various procedures well known in
the art. For example, an FTR peptide antigenic can be administered to various host animals
including, but not limited to, rabbits, mice, rats, etc. to induce the production of sera

containing polyclonal antibodies specific for the antigen. Various adjuvants can be used to



40 hi ghest concentrati on shown to induce expression of FTR (i.e. 501AM.
For exanple, we found that DKA mce have 7.29 1.1M available iron in their
serum ( sewohleloomysooAddi tionally, Artis et al. denonstr atreu/ushab/ osmsea
collected fromsubjects in DKA contaid®? 12.4 j.iMavailable iron (Artis et

al ., D abetes 31(12):1109-14 (1982)). S5EXAMPLE 3 Expression of FTRin S
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I ron-dependent growth defect of a S. cerevisiae fir] nul] nmutant. S
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gal actose). S.” cerevisiae transforned wt TR grew when cul tured on
i ron-| i adjuzehtsrextialsn we&lOkpowh i thrartcont ai ni ng gal actose. I n contrast, no

growt h was noted when the FTR-transformed cells were cultured on plates

or omot e TR ERR e B BF PR Reib e Sy Bl Pl Sastites,y o

cer evi sicagstiutR 3he emMpidyed i hEddrdigicy SGthokelbkadven (geBaigués eSeePak ! AINTIEbOIES Ot
grow on iron-depleted medi umeven in the presence of gal actose. Al S.

cer evi sifaleARQRATORE ANV AL. drhaptcs Guld 157 hdilarioyn & kans-Bdse 1ol §parg Hagwrt M
iron) c LNl lot. u €on}.ikal 0 e e of
thd | owtap el oIoREY Clertl IHRRBALIn IR BEIARE 20, KA R3S D M eREEAY 27 e
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S. cerevisiae ftrl NuJl MNutant take of Iron Thi,s exanpl e shows that R
oryzae PHERAEASHES W! Jﬁ&‘?ﬁyc?}é?cgg&ﬂ‘&?%ﬁ?‘mé“? o i B Bas g of Hybridoma,
recombinant, and phage display technologies, or a combination thereof. For example,

monoclonal antibodies can be produced using hybridoma techniques including those known in

wl

the art and taught, for example, in Harlow et al., Antibodies: A Laboratory Manual, (Cold
Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling, et al., in: Monoclonal
Antibodies and T-Cell Hybridomas 563-681 (Elsevier, N.Y., 1981) (said references

incorporated by reference in their entireties).

The antibodies of the present invention can also be generated using various phage display

) methods known in the art. In phage display methods, functional antibody domains are
displayed on the surface of phage particles which carry the polynucleotide sequences encoding
them. In a particular embodiment, such phage can be utilized to display antigen binding
domains expressed from a repertoire or combinatorial antibody library (e.g., human or
murine). Phage expressing an antigen binding domain that binds the antigen of interest can be

p) selected or identified with antigen, e.g., using labeled antigen or antigen bound or captured to a
solid surface or bead. Phage used in these methods are typically filamentous phage including
fd and M13 binding domains expressed from phage with Fab, Fv or disulfide stabilized Fv
antibody domains recombinantly fused to either the phage gene III or gene VIII protein.
Examples of phage display methods that can be used to make the antibodies of the present

) invention include those disclosed in U.S. Pat. Nos. 5,698,426; 5,223,409; 5,403,484,
5,580,717, 5,427,908; 5,750,753; 5,821,047; 5,571,698; 5,427,908; 5,516,637; 5,780,225,
5,658,727, 5,733,743 and 5,969,108; each of which is incorporated herein by reference in its

entirety.



To confirmthat FTR-nediated growh rescue of the S. cerevisiae ftrl mutant
was due to 5increased iron uptake, we conpared the kinetics of 59Fe uptake
of S. cerwoigica@7ionansforned with R oryzae FTR under tlreT@®SR10p0aso®mt er to
transformants containing the enpty vestor. Theftr/ null nutant cells
transfornmed with the enpty vector showed no intracellular iron accunul ation
when 59féeantibpdiessafihe invantian guniberassayed docisrpennspenifie hindingdy a1y methgd hi gh
affinity jroer r ' el ' Pl FTR into
S cor coneh R iR oy Ghich dn SRAEATIudE Bl Y B0 )5 (00
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2010/ 1075Q0PCT/ US2010/ 000820 41 Ip summary, in Exanples 3 and 4 we showed
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grgs\rvth e ectao h?’éﬂ-a@?i n?ty inro% %’el?*r?el se null r"sr’u an% ofl i cgrevisiae
by r escuéactjons)emmunadiffusioalasdays,yagghitinatien agsays; oomplementfixgioor ass®di a. | n

te, these data 5 st |y indicate that FIR pol tid d
hi'gh- af FPHPGraRomEtyC ey SRSt oRS JOmUBREFsaY s B Frblnotseeysy SIHERTN o

FTR pol ygept $ &8 dsbhySarERufivé shdRell RagWH S Re 21, YScREe g 8aMbERK, PRsch &
functionally expressed in S. cerevisiae. EXAMPLE 5 Devel opnent of Ani nal

Model ofMaviigtiss Modessiar Cloniggud yabheigrat MergetheSacend Ediiop (nld Sasiag Harbars
essenti @aﬁrﬁto?&%s?%ﬁﬁ Hh arl?oqdﬁl t@%g recapi tul ates rel evant clinical
I'S a V\/e"ﬁ'a e c?

factors. anpl e shows evel oped an ani mal nodel rel evant
to nmucornycosis, a DKA nouse nodel of hematogenously dissem nated R oryzae
i nf ect i Gpeciilé bindirpeasifbel deyerohineel pey of aDiéAictypefSacasoctetents kitvsvratodbeseous| y

i sser najied SUCOracasl s Y USHI0, @ 54 08 6 1Y SSHLOo 0l B SPH A5
rate (Kofr), avidity or a combination thereof. Antibodies of the present invention can also be
described or specified in terms of their binding affinity to F7R. Preferred binding affinities

5 include those with a dissociation constant or Ky less than 5x102M, 102 M, 5x10>M, 10> M,
5x10M, 10 M, 5x10°M, 10° M, 5x10°M, 10°M, 5x107 M, 10" M, 5x10° M, 10° M,
5x10°M, 10°M, 5x107M, 10"°M, 5x10""'M, 10" M, 5x10™"2M, 102 M, 5x107° M, 10
M, 5x10™ M, 10" M, 5x10"° M, or 10°° M.

An exemplary approach in which the antibodies of the present invention can be used as FTR
0 inhibitors includes binding to and inhibiting F7R polypeptides locally or systemically in the
body or by direct cytotoxicity of the antibody, e.g. as mediated by complement (CDC) or by
effector cells (ADCC). The antibodies of this invention can be advantageously utilized in
combination with other monoclonal or chimeric antibodies, or with lymphokines or
hematopoietic growth factors (such as, e.g., IL-2, IL-3 and IL-7), for example, which serve to

5 increase the number or activity of effector cells which interact with the antibodies.

The antibodies of the invention can be administered alone or in combination with other types
of treatments such as, for example, anti-fungal therapies. In one embodiment, F7R inhibitor

antibodies are administered to a human patient for therapy or prophylaxis.

Various delivery systems are known and can be used to administer the antibody inhibitors of
0 the invention, e.g., encapsulation in liposomes, microparticles, microcapsules, recombinant
cells capable Methods of introduction include but are not limited to intradermal,

intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, epidural, and oral routes.



this nodel because subjects wth DKA are at high risk of devel opi ng
mucormycosi s. As expected, we found that mce with DKA are nore susceptible
to R oryweeoiomfesmdi on than normal mce. Seven days aft @CTiuskeiawersons

chal | enge of 104 spores, all mce w t3# DKA died, whereas 40% of infected
non-di abetic m ce survi ved (Figure 8). To assess the severity of
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corr el angowalizmgagentl ity. In contrast, a tenporal correlati on bet ween
increase in tissue fungal burden and onset of mortali ty was found when a
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In pharmaceutical dosage forms, the compositions of the invention including vaccine,
antisense, siRNA and antibodies can be used alone or in appropriate association, as well as in
combination, with each other or with other pharmaceutically active compounds.
Administration of the agents can be achieved in various ways, including oral, buccal, nasal,

) rectal, parenteral, intraperitoneal, intradermal, transdermal, subcutaneous, intravenous, intra-
arterial, intracardiac, intraventricular, intracranial, intratracheal, and intrathecal administration,
etc., or otherwise by implantation or inhalation. Thus, the subject compositions can be
formulated into preparations in solid, semi-solid, liquid or gaseous forms, such as tablets,
capsules, powders, granules, ointments, solutions, suppositories, enemas, injections, inhalants

> and aerosols. The following methods and excipients are merely exemplary and are in no way

limiting.

Any of treatment modalities disclosed herein can be combined and administered to a subject
suffering from a fungal infection or being at risk for developing a fungal infection
(prophylactic vaccination or treatment). In a combination therapy, for example, a subject can
) first receive a vaccine of the invention to generate an immune response towards the fungi, then
an antisense, sSiRNA and/or antibody that can target F7R of the fungi and further augment the
fungal treatment. In one embodiment of the treatment, the vaccine of the invention is used in

combination with an antisese, siRNA and/or antibody against FTR for treating or preventing a



) 11) had approximately 5 fold higher |levels of available serumiron than
normal mce [nmedian (75th quartile, 25th quartile)] = 7.29 (11.8, 4.3) [IM
vs. 1.69 wb.2810/1078p11M p = 0.03 by WI coxon Rank Sun). PThamseoidab@s20
underscore the clinical relevance of 3¥ur DKA nouse nodel. To confirmthe
rol e of elevated, avai] able serum iron in the pathogenicity of R 5oryzae we
i nvest i dengabicanqeionr sugh as,dpr exagpleHBYGHIMYFOSHH Igweogleg%reb@dlmem the yitiborigs i ce

to R O'E)Y?H%Ein'l/éﬁhlgﬁ tafe%ed M E&nmﬁﬁoﬁ %ﬁ%ﬁ%nﬂ: anf/g'lesdlﬁ' fox%rle Hg)ﬁhla fgﬁ’% Ik

of f?. oryzae e mce were treated by or gavage wt

def er asicomditi¢ma newl y FDA approved iron chelator to treat subj ects with iron

overload) in 0.5% hydroxypropyl cellulose twice daily (bid) for seven days
ve.contr.ol .mce

tarti th d f ect () ated with
T hydr oxy BF SRpPRRI S abe BaFfiard. igieE st ot un Briedh FandEihec be Seupiaed g
feryic ohterind madbiNbsdodipitiond available € AidgaPiketa ?embhe/@ms&nh{eﬁi the
consisted of uninfected mce treated with ferric chloride. Deferasirox

gi ven atompesitiensed the igientianesen| by qsrxb rrb«m@elé withi apirgicdnpethed ta weat @rftmgﬂl s
( F:jg:” \ihrgfgéb‘ on, R h/gt 'gH{e(P%%I%oalﬁmenlt Vt gﬁlmons oq ﬁﬁe&%(srﬁ%c\é% be\&\lggcg in this

1
en a hi ose O ericl I}otreat

i nfecti edj‘mbﬂi@tl&defith rardrog ot i‘aﬂldtll’(’mah‘érapj fod eifeetigSa filbgabonditionu earitifaggdl dewysden,
DKA m ce were |R‘aected I.v. as above. Mce were treated w th deferasirox

( 10 ny/ Kt Biegise &répggbilrfa&@n;shlqig%wbrﬂaq sangpasttians of gl igyention inglugn. Subws.
gﬁt mefbt are,L IR pRG iR, 8 'c'ﬂte g;r aaﬂdfo bt &redsidal ld¥fefr?>50n%, days.

eys and brains e rensved onng ni zed, and
quant i tﬁQS\AéIQNAZOhB@cFLUI@ONAamLB® iERAC@ﬁAZ@LE@gaIMIer than 10-fol d

decr eas ki dne et or ans bur den
conpar e@@%@gﬁ%@eg‘%qlﬂnW%g‘éég ’{’T‘%Héflg? raniss fBr HE fri‘}gé"lll ng ferric
chl ori desfédrioay i&l&&%lecn%malghako@atamh@meh o] BPeysnME, el fIBedd AiatibR Higd
m ce had no visible hyphae,” whereas Kki dneys of mce treated with placebo or
def er as ispe@;(ﬁqgw@gplength and energy useful for treating fungal infections. In combination therapy,

> chemotherapy or irradiation is typically followed by administration of the vaccine in such a

way that the formation of an effective anti-fungal immune response is not compromised by

potential residual effects of the prior treatment.

In a further embodiment of combination therapy, the compositions of the invention can be
combined with immunocytokine treatments. Without wishing to be bound by theory, it is

) believed that, for example, a vaccine generates a more effective immune response against, for
example, an infection when a cytokine promoting the immune response is present at the site of
the infection. For example, useful immunocytokines are those that elicit Th1 response, such as
IL-2 or IL-12. During a combination therapy, for example, a subject can first receive a
vaccine of the invention to generate an immune response towards a fungal infection, then an

) immunocytokine that can target the fungi and support the immune response in fighting the
infection. Preferred immunocytokines typically have, for example, an antibody moiety that
recognizes a surface antigen characteristic of the fungi such as, for example, FTR.
Immunocytokines typically also have a cytokine moiety such as IL-2, IL-12, or others that
preferentially direct a Thl response. Immunocytokines suitable for the invention are described

) in U.S. Pat. No. 5,650,150, the contents of which are hereby incorporated by reference.

In another embodiment of combination therapy, combinations of the compositions of the
invention can be administered either concomitantly, e.g., as an admixture, separately but

simultaneously or concurrently; or sequentially. This includes presentations in which the
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not limited to animals such as cows, pigs, horses, chickens, cats, dogs, etc., and is preferably a

) mammal, and most preferably human.

As discussed above, various delivery systems are known and can be used to administer the
compositions of the invention. The compositions can be administered by any convenient
route, for example by infusion or bolus injection, by absorption through epithelial or
mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and can be

) administered together with other biologically active agents. Administration can be systemic or

local.

In a specific embodiment, it can be desirable to administer the pharmaceutical compounds or
compositions of the invention locally to the area in need of treatment; this can be achieved by,
for example, and not by way of limitation, local infusion during surgery, topical application,

) €.g., in conjunction with a wound dressing after surgery, by injection, by means of a catheter,
by means of a suppository, or by means of an implant, said implant being of a porous, non-
porous, or gelatinous material, including membranes, such as sialastic membranes, or fibers.
Preferably, when administering a protein, including a vaccine or antibody, of the invention,
care must be taken to use materials to which the protein does not absorb. In another

) embodiment, the compound or composition can be delivered in liposomes. In yet another

embodiment, the compounds or compositions can be delivered in a controlled release system.
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as those derived from sodium, potassium, ammonium, calcium, ferric hydroxides,

isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, etc.

The amount of the compounds or compositions of the invention which will be effective in the
treatment, inhibition and prevention of a fungal disease or condition can be determined by

) standard clinical techniques. In addition, in vitro assays can optionally be employed to help
identify optimal dosage ranges. The precise dose to be employed in the formulation will also
depend on the route of administration, and the seriousness of the disease or condition, and
should be decided according to the judgment of the practitioner and each subject'’s

circumstances. Effective doses can be extrapolated from dose-response curves derived from in

(W] ]

vitro or animal model test systems.

The following Examples illustrate the therapeutic utility of the FTR as the basis for preventive
measures or treatment of disseminated mucormycosis. Example 1 describes cloning and
identification of FTR. Example 2 describes FTR expression in R. oryzae under iron-depleted
condition. Example 3 describes FTR expression in S. cerevisiae firl null mutant. Example 4

) describes FTR function in S. cerevisiae firl null mutant. Example 5, describes development of
animal model of mucormycosis. Example describes the effect of serum iron availability on
susceptibility of DKA mice to R. oryzae. Example 7 describes the expression of F7R in vivo

in DKA mice infected with R. oryzae. Example 8 describes FTR polypeptide and its
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example. In accordance with the present invention, there can be employed conventional

molecular biology, microbiology and recombinant DNA techniques within the skill of the art.

> Such techniques are explained fully in the literature. See, e.g., Sambrook, Fitsch & Maniatis,
Molecular Cloning: A Laboratory Manual, Second Edition Cold Spring Harbor Laboratory:
Press, Cold Spring Harbor, N.Y. (1989).

Rhizopus oryzae 99-880 was obtained from the Fungus Testing Laboratory (University of
Texas Health Science Center at San Antonio). This strain was isolated from a brain abscess in

) a diabetic subject with rhinocerebral mucormycosis.

To clone the FTR of R. oryzae, we used degenerate primers designed from the conserved
regions of the S. cerevisiae FTR to amplify a 0.6 kb fragment from R. oryzae genomic DNA.
This fragment showed 43% homology to S. cerevisiae FTR and hybridized to a 2.0 kb
fragment of R. oryzae genomic DNA cut with EcoRl. We used this PCR-generated fragment
) to screen an R. oryzae genomic library made in A-phage. Five different plaques were isolated
and each contained a 2 kb fragment upon treatment with different restriction enzymes.
Sequence analysis of this 2.0 kb genomic clone revealed a single open reading frame of 1101
bp that lacked introns. Comparison of the putative FTR polypeptide with those of other
proteins in GenBank data-base revealed 46% and 44% identity to known fungal high affinity
) iron permeases from C. albicans and S. cerevisiae, respectively (Fu et al. FEMS Micorbiol.

Lett. 235:169-176 (2004)). Multiple regions of the predicted amino acid sequence of FTR



delivery system (Bi oRadS) and transformants were sel ected on m ni mal nmedi um
| acki ng uracil. Southern bl ot analysis showed that all obtained

t ransf or meiot2s1vmrsai ned the transforned plasm d epi soneCiryus¢aateosaot
shown). RT-PCR was used to conpare exy¥ression of FTR by five sel ected
transformants to a control strain, which was transfornmed with the Senpty

pl asmi dpolypeptisdeshewsd @snxfz@gntqumpgwwﬂblp@taém tiapgthernbrage dpmaingffromn & 5

t ransf or S t r | ne ar C Q

St rai n (Regue o3 A T Thtblafh Fuk bR KB FOUPRLFch ekt

t r ansf oa¢tdnésidueds delidvied td hﬂer&&&ﬁteﬁtly lvmh lc-xfn Whoniservied iri thietpréticted pim@ssacid of
FTR. The virul ence of one of the RNAI transformants was conpared tqQ the

cont r ol sesquenges of A7Rpol ¥H§|RIAd‘?r§G§’ethﬁ1§‘Hé? oaanﬁwég@ﬁ@ashegid?ﬂ iaadpidrephegic

mucor S or
W h & FERERT L BRI AJIGEhE Mgl bF aRAPE DL aCh oA o RIS ATER 0
del ayedwathcEao@d ulred, orlEaalRéﬁdéradfand pmbR&lNit}tthamﬁlbof@ﬁR conhpace thetgent hep

control r gl tere found that R. o d from

b ne. SEGe T SR Bl Al A ReoWRTeEP R tyne LA EE TSGR oot t ne
RNAI pl a¢itbéhcyi di@ BofFev&il ﬁﬁﬁ@th%ﬁb&nﬂﬂ fhls RTINS thal ki ABR i RAIaUHR WbdriyTt
uracil but "did grow on rich nedium (potato dextrose agar). In contrast, R
oryzae geedverlyddateant shoevm)wo mice that survived the infection for 25 days
(Wlth no signs of disease) was able to grow on both m nimal nmedi um w t hout

a)C|I and on rich nmedium i ndi Catt@l\ﬁ?ﬂkihe RNAI plasm d was still

present in these spores and that i f F7' R expression during

i nfection inhi biBxpression @NEFRAN K. orPfaeAded driirgiDrepletrd Qohldtsshsdat a
denonstrate that the FTRis a pivotal viruI ence factor for R oryzae in the

DKA nouse. npdel nd prov addi ti.onal on of d vel opnent
of an F?ﬁﬁ%’lﬁgﬁ tE J'L\/&ﬁ’cs %E?é?lﬂ?/éb]%‘g o lﬁ‘fei%‘t“?‘pfﬁ ohr C&d‘:ted conditions.
2010/ 107500PCT/ US2010/ 000820 46

Expression of high affinity iron permeases is usually induced in iron-limited environments and

suppressed in iron-rich environments. To verify that FTR polypeptide functions as a high-

> affinity iron permease, we examined FTR expression in response to different concentrations of
FeCls. R. oryzae mycelia were collected by filtration and used to inoculate potato dextrose
broth (PDB) supplemented with the iron chelators, | mM ferrozine and 100 uM of
2,2’bipyridyl, to induce iron starvation. The mycelia were transferred to PDB previously
chelated for iron, and supplemented with varying concentrations of FeCl; and incubated at

) 37°C for selected intervals. As expected, FTR expression was induced at all time points when
the organism was exposed to media deficient in FeCl;. The addition of FeClj; resulted in rapid
suppression of FTR expression as early as 5 minutes after exposure. Further, this suppression
of FTR expression appeared to be dose dependent, with a more marked, and rapid decrease in
FTR mRNA at 350uM FeCl; as compared with S0uM FeCls. Consistent with these results,

) FTR expression was undetectable when mycelia were grown in the iron-rich medium, PDB.
These results demonstrate that F7R is induced in iron-depleted environments, suppressed in
iron-rich environments, and that its transcription is tightly regulated by the amount of iron in
the medium (Figure 5). This tight transcriptional regulation has been reported in yeast and is
likely due to the sensitivity of transcriptional activation to changes in intracellular iron

) concentration. Such tight regulation likely allows the organism to avoid toxicity caused by
excess iron. Of note, these results also demonstrate that F7R is likely to be expressed in vivo
(see below) even in a host that has elevated available serum iron because free iron

concentration in these hosts is still expected to be several orders of magnitude less than the
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) permease of S. cerevisiae, which is believed to function in iron-rich environments (Figure 8).

EXAMPLE 4
FTR Complements S. cerevisiae ftrl Null Mutant Uptake of Iron

This example shows that R. oryzae FTR encodes a functional polypeptide in S. cerevisiae.

To confirm that FTR-mediated growth rescue of the S. cerevisiae fir/ mutant was due to

5 increased iron uptake, we compared the kinetics of **Fe uptake of S. cerevisiae transformed
with R. oryzae FTR under the GALI promoter to transformants containing the empty vector.
The ftr1 null mutant cells transformed with the empty vector showed no intracellular iron
accumulation when *°FeCl; was supplied at 0.1 pM (a concentration in which only high
affinity iron permeases are active). In contrast, introduction of F7R into S. cerevisiae firl null

) mutant restored the iron uptake to between 48-60% of the amount exhibited by the wild-type
strain (Figure 7).
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this model because subjects with DKA are at high risk of developing mucormycosis. As

expected, we found that mice with DK A are more susceptible to R. oryzae infection than
normal mice. Seven days after intravenous challenge of 10* spores, all mice with DKA died,

whereas 40% of infected non-diabetic mice survived (Figure 8).

) To assess the severity of infection, we compared tissue colony counts to a
quantitative PCR-based (qPCR) (TagMan) assay that was developed originally to determine
disease progression in animal models of 4. fumigatus. The TagMan technique was developed
because the colony count method is unreliable for determining tissue fungal burden of molds

since hyphal structures are disrupted by tissue homogenization, resulting in death of the fungus

w1

and inaccurately low estimate of the organ fungal burden. Indeed, as anticipated, colony
counts did not increase during infection with R. oryzae and did not correlate with mortality. In
contrast, a temporal correlation between increase in tissue fungal burden and onset of mortality
was found when a qPCR-based (TagMan) technique, using primers designed to amplify R.
oryzae 18s IDNA, was used to quantify tissue R. oryzae burden (Figure 9). These results were
) consistent with our preliminary results, in which mouse tissues spiked with varying inocula of
R. oryzae showed a linear range of detection. Therefore, this qPCR- assay is a sensitive and

reliable method for assessing the progression of mucormycosis in the DKA mouse model.
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chelator to treat subjects with iron overload) in 0.5% hydroxypropylcellulose twice daily (bid)

for seven days starting the day after infection. Negative control mice were treated with

) hydroxypropylcellulose carrier (placebo) or deferasirox plus saturating ferric chloride
(administered i.p.). An additional negative control consisted of uninfected mice treated with
ferric chloride. Deferasirox given at all doses significantly improved survival compared to
controls (Figure 10A). This improved survival paralleled the survival we get in this model
when a high dose of liposomal amphotericin B (LAmB) is used to treat infection. To

> determine the impact of deferasirox on tissue fungal burden, DKA mice were infected i.v. as
above. Mice were treated with deferasirox (10 mg/kg bid), deferasirox plus saturating ferric
chloride, or placebo. Treatment was begun 16 h after infection and administered daily for 3
days. Kidneys and brains were removed on day four, homogenized, and quantitatively
cultured. Deferasirox resulted in a greater than 10-fold decrease in both brain and kidney

) (primary target organs) fungal burden compared to mice treated with placebo or deferasirox
plus saturating ferric chloride (Figure 10B). By histopathology, kidneys of deferasirox-treated

mice had no visible hyphae, whereas kidneys of mice treated with placebo or deferasirox plus



WO 2010/ 107500PCT/ US2010/ 000820 49 Table 1. Strains used in this study
Strain Genotype Description and Source R oryzae 99-880 Wl d-type dinical
i sol ate (Wbratwmrsp al., J Cin Invest 117: 2649-2657 ( 2Q@A)SRo10/B00820 yZzae
ML6 pyrF205 Uracil deficient (Skory a3d [ brahim Curr Genet 52: 23-33
(2007)). R oryzae rF conpl enent ed_ pyr F205: : PyrF

saturating ferric chloride had extensively filamented fungi.” Furthermore, mice treated with
saturating iron had a striking absence of neutrophil influx to the sites of infection, while
neutrophil influx was prominent in the kidneys of mice treated with deferasirox (data not
shown). The reversal of protection when deferasirox was administered to mice with a

5 saturating dose of FeCls further proved that the mechanism of protection was due to iron
chelation. Of note, these results are in agreement with our previous work showing that
deferiprone (another chelating agent that is not used as a siderophore by Rhizopus) protected
animals from Rhizopus infection and confirm the link between iron availability and R. oryzae.

These results further confirmed the unique importance of iron in the pathogenesis of

0 mucormycosis.

EXAMPLE 7

Expression of FTR in vivo in DKA mice

This Example shows that R. oryzae’s FTR is expressed in vivo in DKA mice.

In order for F7TR polypeptide to play a role in the pathogenesis of mucormycosis, it must be

5 expressed during infection. We used a real time RT-PCR-based approach to investigate the
expression of FTR polypeptide in the brains of diabetic ketoacidic (DKA) mice infected with
10° spores of R. oryzae through tail vein injection. The brain was chosen because it is the
primary target organ in this model. Mice were sacrificed 24 or 48 h post infection and brains
were collected and immediately flash frozen in liquid nitrogen prior to grinding and RNA

0 extraction with phenol. Brains collected from uninfected DKA mice were processed in
parallel and served as negative controls. Following DNase treatment to eliminate
contaminating genomic DNA, and reverse transcription (Ambion RETROscript® system),
cDNA was analyzed by real-time PCR using the SYBR-Green method and an ABI® Prism
7000 cycler. Gene-expression was normalized to R. oryzae ACTI or 18S rRNA-expression.

5 FTR was found to have been expressed in the brains of 4 infected mice 48 h post infection but
not after 24 h (Fig 11). The lack of F7R expression after 24 h of infection cannot be attributed
to the presence of lower fungal elements in the brains of infected mice since the expression of
both 18S rRNA and ACT! genes were detected in these tissues. The pattern of delayed FTR
polypeptide expression (i.e. expression after 48 h but not 24 h of infection) can be explained

J by the fact that after 24 h fungal elements were not sufficiently iron-starved because spores
had been grown on iron-rich medium during preparation of the inoculum. Forty eight hours

following infection, as the fungal spores started to proliferate in the brain, R. oryzae started to



ML6 conpl emented with a wild-type copy of PyrF at its original |ocus, this
work R oryzae GFP1 ML6 (pPFtrl-GFP) ML6 transfornmed with a plasmd

cont ai ni /yoaoteridrsopr onot er driven GFP (I brahimet al., »cTiuseoilbovesse 117:
2649- 2657 (2007)). R oryzae FTRLKo 4yr F205, ftrl ::PyrF fir] knock out,
this work R oryzae FTR1llInh M6 (pFTRi -pdc intron) FTR1 inhibited by RNA,
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enpty plnﬂémiiq’no‘ Eﬂo%v m &pression of FTR polypeptide.

These results clearly demonstrate that F7R polypeptide is expressed during infection and is

involved in the pathogenesis of mucormycosis.

5 To confirm the expression of FTR in vivo during active infection, we used GFP as a reporter
system for FTR expression. R. oryzae was transformed with a plasmid containing GFP cloned
down stream of a 2 kb fragment containing F7R promoter. This strain fluoresced green when
grown in iron-depleted but not in iron-rich environments in vitro (data not shown). DKA mice
were infected with 1 x 10° spores of this R. oryzae strain grown under iron-rich conditions.

) Forty eight hours post infection mice were sacrificed and brains were collected, and fixed in
10% zinc formalin. Paraffin sections of the brains were stained with anti-GFP polyclonal
rabbit Ab and counter stained with anti-rabbit FITC conjugated Ab. As shown in Figure 14,
fungal elements in the brains of mice infected with R. oryzae expressing GFP under the control
of the FTRp fluoresced green, therefore confirming our earlier findings that FTR polypeptide

p) is expressed during active infection an is involved in pathogenesis of the mucormycosis.

EXAMPLE 8
FTR Polypeptide and its Homology to Known Proteins

This Example shows that R. oryzae FTR polypeptide little or no homology with any known

human proteins.

) In order to minimize the potential for induction of autoimmune responses, it is desirable that a
protein vaccine being utilized as a human vaccine not have significant homology to numerous
human proteins. To investigate the potential for homology between the FTR polypeptide and
human proteins, a PubMed BLAST search was performed comparing the amino acids 16-368

of the FTR polypeptide (i.e. the amino acids in the intended FTR polypeptide vaccine) to the

i

human proteome. The search identified five open reading frames with extremely limited
homology with an alignment score of 30.4, e= 9.0 for all of the five proteins. Three of these
proteins are coiled-coil domain containing 82 (i.e., EAW66982; AAH33726.1; and
NP_079001.2), one is a CCDCS82 protein (i.e., AAH18663.1) and an unnamed protein (i.e.,
BAB15683.1). As a benchmark, the standard BLAST search e-value for identification of

) unique sequences from fungi compared to other organisms has been set at 10°%, indicating that

R. oryzae FTR has no significant homology to the human proteome.
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The viru?ence of one of the RNALI transformants was compared to the control strain in the

) DKA mouse model of hematogenously disseminated mucormycosis. Mice were infected with
the control strain transformed or with a transformant harboring the RNAi plasmid (FTR-i
strain). There was delayed and reduced virulence of the RNAi-transformant compared to the
control strain. Interestingly, we found that R. oryzae recovered from brains and kidneys of
moribund mice infected with the FTR-i strain lost the RNAI plasmid since R. oryzae failed to

) grow on minimal medium without uracil but did grow on rich medium (potato dextrose agar).
In contrast, R. oryzae recovered from the two mice that survived the infection for 25 days
(with no signs of disease) was able to grow on both minimal medium without uracil and on
rich medium, indicating that the RNAIi plasmid was still present in these spores and that

inhibiting of FTR expression during infection inhibits virulence of R. oryzae (Figure 14).

) These data demonstrate that the F7R is a pivotal virulence factor for R. oryzae in the DKA
mouse model, and provide additional rational in support of development of an FTR vaccine to

prevent mucormycosis infections.
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to 29, with e values of 5 to 10. Hence, the proposed rFtrlp vaccine has comparable or less

) homology to the human proteome as does the widely utilized HBSAg vaccine.

In contrast, a recent publication demonstrated that »FTR/ is highly conserved among other
pathogenic Mucorales including R. microsporus, R. niveus, R. stolonifer, Rhizomucor miehei,
Rhizomucor pusillus, Mucor circinelloides, M. racemosus, M. rouxii, and M. plumbeus, with
) nucleotide homology of >70%. Interestingly, the putative REGLE iron-binding functional
motif is 100% conserved among all Mucorales. Nyilasi et al., Clin Microbiol Infect. (2008).
This indicates that the proposed vaccine will be cross-immunogenic against other agents of

mucormycosis. Moreover, it is expected that cross-genera protection will occur because R.



pi pette on organs placed in Wirl-Pak bags (Nasco, Fort Atkinson, W)
containing 1 m saline. The honogenate was serially diluted in 0.85% saline
and t hen woantomatoovel y cul tured on PDA pl ates cont ai ni mgTAIS2@40000s2@ON.

Val ues were expressed as 10gl0 cfu g-47 ti ssue. To detect GFP expression,
anti-GFP rabbit polycl onal antibody (I\!ovu_tség.was used to stain the

5hi st oparrek s buhasschiph degreqehidenitytwith Bighilrpaconmeasesfrom & very ukijearseprray

anti - rabhbi i T Gyt expr essi f. F in I nfected

1 ssuee T bingf B BeYons ol IBe B SRBRC sl S CobliseeeBo. eeo)

t hr ough sedfolmugs. Mnialljof €lidse funikthe €G! FIBGEH irdh-Bindidg fiictipAsitmotif i 00N and
imedi ately flash frozen in liquid nitrogen prior to grinding and RNA

ext r act iconseyedh phenol . Brains collected fromuninfected DKA m ce were
pragessed in parallel and ) ser ve%gamﬁtﬁve controls. Frozen brains were
t hen ground under liquid nitrogen was then isolated using the
hot phenBassivetlbodufiZativae hdth S¢radlolldctddefrbom MirenV a&ined JIAIBEYD 4 POGSYS .

Cont ami nati ng genoni ¢ DNA was, renoved from sanples by treatnent with 1
pi of Turbo-DNase (Anbion) fe&r< : QUG IRE erature. DNase was then
WO 2010/ 107500PCT/ US2010/ 000820 52 renoved using an RNA Cean-Up kit (Zyno
Resear ¢ Mo milimde grbleaipro@EddnSy g &odsSywihesiP& (Rini& et} eridddindgiembes roscr i pt
first-strand synthesis kit (Ambion). F‘iYRl specific primers (listed in Table
2) wer e hydrophitis profemrby iemoxing the sigpal peptign ppdhé tepsmembraae dgmains thajgirect

( scri ot )£ cat i I GI enc e L: ri Llution
excpor | el TR bl B 2 e e e NS o BINEL DS p e B8 ool
quant i f ielzaienarenbovéd)@mope ofithetrsméinimf dequericealas,altbked| & 45 tAaivaiRl Mesing9: €45
(2001)). Gene expression was analyzed by an ABl Prism 7000 Sequence

Det ect | BACBli@HPPIRIP IthetrPesss ixdionpiic sgings ehibe pIpieini Toesyhsic geneahsopcr
kit (Q agem Reeondi i ; ' - 90C f 15 s
at 95C and fdrﬁ%ﬁf{g{%é’gb%'é) agﬁﬁt | 'e rp&‘lgﬁ%% gsétgasﬂrv(\)gl% ?cﬁg%?'ﬁ? ﬁx&g%%ﬁ%ﬁﬁ}t e heat
di ssoci aQiE32 epprsoowivecdor andgrannfbrmed tinte APCRi.cl of phase Paeteraluells wete induced

5 with IPTG and the cells were harvested and the recombinant protein was purified over a Ni-

agrose affinity column according to the manufacturer instructions (Qiagen) with a production
of ~1-1.3 mg of purified protein per liter of culture (Fig 20). The generated protein was used

to raise murine antibodies as described below.

To generate immune serum for passive immunization, Balb/c mice were
J immunized by SQ injection of rFtrlp (20 pg) mixed with complete Freund’s adjuvant (CFA)
at day 0, boosted with another dose of the antigen with incomplete Freund’s adjuvant (IFA) at
day 21, and bled for serum collection two weeks later. Pooled sera collected from vaccinated
mice demonstrated Ab titer against rFtrl1p of >1:800,000, whereas pooled sera collected from

mice vaccinated with empty plasmid had an Ab titer of 1:200. Immune or control sera (0.25

wl

ml) were administered i.p. to DKA recipient mice 2 h before intranasal infection with R.
oryzae. Sera doses were repeated 3 days post infection. Infected mice treated with immune
serum improved survival compared to mice treated with control serum (Figure 21). These
studies clearly demonstrate the feasibility of using passive immunization targeting rFtrlp to

improve survival during mucormycosis.



FTR1 expression in infected brains was nornalized to either 18S rRNA or
ACT1 (Table 2) and the quantified using the 2(-AAC(T)) method (Livak and
Schmi t t gewp 202001300 Vet hods 25: 402-408 (2001)). Al rea®Crarssomnms20
performed in duplicate, and the m xtuse included a negative no-reverse
transcription (RT) control in which reverse transcriptase was om tted.

i Table 2. Aigonucl eotides used i EEXAMPEE |2y, Primers Sequence Description
Primers used for detecting in vivo expression of FTRL FTR1- RT5'

CSTGGTGICTCCTTCASHAR bie RbLREy BT T, oARFMCHEARPIOCHG o' Pri mer

For FTRI to play a role in the pathogenesis of mucormycosis, it must be expressed during

infection. Quantitative real time PCR (qPCR) was used to investigate the expression of FTR/

5 in the brains of DKA mice infected intravenously with 10° spores of R. oryzae, an inoculum
that causes a 100% mortality within 2-3 days (Ibrahim et al., Antimicrob Agents Chemother
49: 721-727 (2005). The brain was chosen for analysis because it is a primary target organ in
this model (Ibrahim et al., Antimicrob Agents Chemother 49: 721-727 (2005)). Expression of
FTR1 from mice (n=5) sacrificed 24 h post infection increased by 4 fold [median (5™

0 quartile, 75" quartile) = 4.12 (1.03, 0.27), p = 0.03 by Wilcoxon Rank Sum)] relative to the
constitutive ACT gene. As expected, brains from uninfected mice did not show any

expression of FTRI.

The non-parametric log-rank test was used to determine differences in survival times, whereas
differences in kidney fungal burden, iron uptake, growth rate and in vivo FTRI expression

5 were compared by the non-parametric Wilcoxon Rank Sum test.

To directly visualize expression of FTR! in vivo during infection, R. oryzae was transformed
with a plasmid containing GFP under the control of the FTRI promoter. R. oryzae strains used
in this study are listed in Table 1. Briefly, organisms were grown on potato dextrose agar -
(PDA) or on YPD plates [1% yeast extract (Difco Laboratories), 2% bacto-peptone (Difco),

) and 2% D-glucose] for 4 days at 37°C. For R. oryzae M16 (a pyrF null mutant that is unable
to synthesize its own uracil), PDA was supplémented with 100 pg/ml uracil. An 815 bp partial
pyrF PCR fragment (pyrF P11/P13) was used to restore R. oryzae M16 to prototrophy. This
fragment overlaps the pyrF mutation present in M 16 (i.e. point mutation at nt +205 of G to A)
(Skory and Ibrahim, Curr Genet 52: 23-33 (2007)) and is capable of restoring functionality

> through gene replacement. In some experiments, R. oryzae was starved for iron by growth on
yeast nitrogen base (YNB) (Difco/Becton Dickinson, Sparks, MD) supplemented with
complete supplemental media without uracil (CSM-URA) (Q-Biogene), (YNB+CSM-URA)
[formulation/100ml, 1.7g YNB without amino acids, 20g glucose, 0.77g CSM-URA] in the
presence of 1 mM of ascorbic acid and ferrozine. The sporangiospores were collected in

) endotoxin free PBS containing 0.01% Tween 80, washed with PBS, and counted with a

hemacytometer to prepare the final inocula.



5!

primer annealing to rRNA 18S-RT3' AAGICAAATTGICGITGGECA 3' pri mer

annealing to rRNA ACT1- RT5' TGAACAAGAAATGCAAACTGC 5' prinmer ACT1- RT3
CAGTAATGAZD DAMACADCAGGA 3' prinmer Primers used for naki RgTiUse010i000820

di sruption cassette and confirmng i n9egration in the FTRL | ocus FTR1 PI
TTCGAAAAGACCGTCAGGATTAGC Annealing to FTR1- 5 UTR FTR I P2

Table 1. Strains used in this study

Strain Genotype Description and Source

R. oryzae 99-880 | Wild-type Clinical isolate (Ibrahim et al., J Clin
Invest 117: 2649-2657 (2007)).

R. oryzae M16 | pyrF205 Uracil deficient (Skory and Ibrahim,
Curr Genet 52: 23-33 (2007)).

R. oryzae PyrF | pyrF205::PyrF M16 complemented with a wild-type

complemented copy of PyrF at its original locus, this
work

R. oryzae GFP1 M16 (pPruyi1-GFP) M16 transformed with a plasmid

containing a FTRI promoter driven GFP
(Ibrahim et al., J Clin Invest 117: 2649-

2657 (2007)).
R. oryzae pyrF205, firl::PyrF fitr1 knock out, this work
FTR1Ko
R. oryzae M16 (pFTRi-pdc intron) | FTRI inhibited by RNAI, this work
FTR1Inh

R. oryzae Empty | M16 (pRNAi-pdc intron) | M16 transformed with empty plasmid,

this work

This strain fluoresced green when grown in iron-depleted but not iron-rich media in vitro,
whereas R. oryzae transformed with GFP under the control of the constitutive actin promoter
(positive control) fluoresced regardless of the iron concentration in the medium (Figure 22A).
DKA mice were infected with the GFP reporter strain or PyrF-complemented R. oryzae grown
under iron-rich conditions to suppress GFP expression prior to infection. Twenty four or 48 h
post infection brains were collected and processed for histopathology. Because the paraffin
embedding process abrogated the intrinsic fluorescence of the GFP protein, the sections were
stained with fluorescent anti-GFP antibody. Samples taken 24 h post infection did not show
any fungal elements, which was expected since 48 h post infection is the earliest time point
that fungal elements can be detected histopathologically in infected tissues (Ibrahim et al.,
Antimicrob Agents Chemother 49: 721-727 (2005)). At 48 h of infection in the brain, the
FTRI1 reporter strain of R. oryzae expressed GFP, whereas the negative control, PyrF-

complemented R. oryzae did not (Figure 22B). Additionally, GFP expression was induced by



GAGGGACACAAGCAAGCAGAAAGT Annealing to FI'RI 3" UTR FTRL P3
CACTTACGGCCATTTTCCATTGAC Annealing to FTRI5' UTR upstream of the disruption
casset t e WORL10PH7BBCCCTAAATGAACAAAGAAT Anneal i ng t o FTRIP8T/USIR0/0VB20

2010/ 107500PCT/ US2010/ 000820 53 dowist ream of the di sruption cassette 5

primer testi n? for the entire FTRL ORF (1100 bp) FTRL PS5 .
low iron Ievels in the host environment since spores used for infecting mice were grown in

iron-rich medium (condition that suppresses the expression of FTR!) and did not fluoresce

green when used to infect mice (Figure 22B, DIC overlaid with fluorescence).

Example 13

Isolation of a homokarvotic ftrl null could not be achieved in multinucleated R. oryzae
despite integration of the disruption cassette at the FTR1 locus

A" 2]

The expression of FTR1 during active infection suggested a role for FTR1 in the pathogenicity

of R. oryzae. The effect of FTR1 gene disruption on the ability of R. oryzae to take up iron in
) vitro and cause disease in vivo was studied. Isolates obtained from two separate
transformations were purified with one round of sporulation and single colony isolation. To
achieve single colony isolation, transformants were grown on chemically defined medium
(YNB-+CSM-URA) supplemented with 1 mM FeCl; (iron rich) to favor the segregation of the
ftr1 null allele, since FTR1 is poorly expressed in concentrations > 350 uM of FeCl; (Fu et al.,
FEMS Microbiol Lett 235: 169-176 (2004)). Isolates were screened for integration of the
disruption cassette with PCR primer pairs FTR1-P3/PyrF-P9 (expected 1054 bp) and PyrF-
P18/FTR1-P4 (expected 1140 bp). Disruption of the FTR1 locus was tested by the absence of
a PCR amplification product using primers FTR1-P5/FTR1-P6 (expected 503), which
amplified a segment from the ORF of FTR1 (Table 2 and Figure 23A). PCR confirmed
) integration of the disruption cassette in the FTR1 locus, and absence of FTR1 ORF from

e

several putative null mutant strains (Figure 23B). Furthermore, these amplification products
were also sequenced to demonstrate that the disruption cassette had integrated into the FTR1
locus by homologous recombination (data not shown). Finally, integration of the disruption

cassette in the FTR1 locus was confirmed by Southern blotting (see below).

> To study the expression of FTR1, we utilized GFP as a reporter system for FTR1 promoter
expression. R. oryzae M16 was transformed with a plasmid containing the reporter gene GFP
driven by the FTR1 promoter (R. oryzae GFP1) as previously described (Ibrahim et al., J Clin
Invest 117: 2649-2657 (2007)). GFP was also cloned under the constitutively expressed actin
promoter (Actlp) then transformed into R. oryzae M16 to serve as a positive control. Prior to
) studying the expression of FTR1 in vivo we examined the expression of FTR1 in vitro using
FACS analysis. Briefly, R. oryzae transformed with either GFP driven by Ftrlp or Actlp were
grown in YNB+CSM-URA with (iron-depleted conditions) or without (iron-replete

conditions) 1 mM of ascorbic acid and ferrozine at 37°C for 12 h. These conditions produced



ATGTCTCAAGATCTCTTCAACCGTACC FTR1 P6 TTAAGCCTTAATAGCATCAGATTCG 3' pri ner

testing for the entire FTRL ORF (1100 bp) FTR1 P11 GATCACTGCCATGGGTCTTGCTAT
5" primerwobaoteewrsohor 503 bp of FTR1L ORF FTRI

3" primer to test for 503 bp of FTRI IRF PyrF P9 GCCGIGGCGCAGACAAGAG

(W g

germlings of R. oryzae rather than hyphae. Fluorescence of 1 ml of germlings was determined
using a FACSCaliber (Becton Dickinson) instrument equipped with an argon laser emitting at
488 nm. Fluorescence emission was read with 515/40 bandpass filter. Fluorescence data were
collected with logarithmic amplifiers. The mean fluorescence intensities of 104 events were

calculated using CELLQUEST software.

For in vivo infection, BALB/c male mice (>20g) were rendered diabetic with a single i.p.
injection of 190 mg/kg streptozotocin in 0.2 ml citrate buffer 10 days prior to fungal challenge
(Ibrahim et al. Antimicrob Agents Chemother 47: 3343-3344 (2003)). Glycosuria and
ketonuria were confirmed in all mice 7 days after streptozotocin treatment. Diabetic
ketoacidotic mice were infected with fungal spores by tail vein injection with a target
inoculum of 5 x 103 spores. To confirm the inoculum, dilutions were streaked on PDA plates
containing 0.1% triton and colonies were counted following a 24 h incubation period at 37°C.
For the intranasal infection, 107 spores in 20 ul of 0.01% Tween 80 in PBS were placed on the
nostrils of ketamine (100 mg/kg) sedated mice ((Waldorf et al, Journal of Clinical
Investigation 74: 150-160 (1984)). To confirm the inoculum, mice were sacrificed
immediately after inhaling R. oryzae spores, and lungs were homogenized, plated on PDA
containing 0.1% triton and colonies were counted following incubation at 37°C. For both
models, the primary efficacy endpoint was time to death. In some experiments, as a secondary
endpoint, brain and kidney fungal burden (primary target organs) (Ibrahim et al., Antimicrob
Agents Chemother 49: 721-727 (2005)) was determined by homogenization by rolling a
pipette on organs placed in Whirl-Pak bags (Nasco, Fort Atkinson, WI) containing 1 ml saline.
The homogenate was serially diluted in 0.85% saline and then quantitatively cultured on PDA
plates containing 0.1% triton. Values were expressed as log10 cfu g-1 tissue. To detect GFP
expression, anti-GFP rabbit polyclonal antibody (Novus) was used to stain the

histopathological samples then counter stained with FITC conjugated anti-rabbit antibody.

To quantify the expression of FTR1 in infected tissues, brains of BALB/C mice infected with
R. oryzae wild type (99-880) through tail vein injection were collected 24 or 48 hr post
infection and immediately flash frozen in liquid nitrogen prior to grinding and RNA extraction
with phenol. Brains collected from uninfected DKA mice were processed in parallel and
served as negative controls. Frozen brains were then ground under liquid nitrogen and total
RNA was then isolated using the hot phenol method (Gravelat et al. Infect Immun 76: 3632-
3639 (2008)). Contaminating genomic DNA was removed from RNA samples by treatment
with 1 pl of Turbo-DNase (Ambion) for 30 min at room temperature. DNase was then

P12 TATCAPGIISBI0HWBAEGCTCTC



3" primer annealing to pyrF PyrF P18 GIGCCGAAATCGCTCCAGA 5 pri mer
annealing to pyrF ACT1 PI GICTTTCCTTCTATTGITGGIC 5 prinmer to test for
functi onavotemploaioe DNA (600bp) ACT 1- P2 CCATCAGGAAGT TCATAAGA0B00spE | Ner t o
test for functional tenplate DNA (600%2p) Priners used in making _
Pyr F- conpl enented R._oryzae rkF Pl CAAAGCCAATTCAGCCTCAAATG 5' priner to
anpl i fyrggqa‘fqdqugﬁrﬁ{wgl@le% p kit (Zymo Research). First-strand cDNA synthesis was

performed using the Retroscript first-strand synthesis kit (Ambion). FTR1 specific primers
(listed in Table 2) were designed with the assistance of online primer design software
(Genscript). The amplification efficiency was determined by serial dilution experiments, and

5 the resulting efficiency coefficient was used for the quantification of the products (Pfaffl et al.,

Nucleic Acids Res 29: e45 (2001)).

Gene expression was analyzed by an ABI Prism 7000 Sequence Detection System (Applied
Biosystems) using the QuantiTect Sybr Green PCR kit (Qiagen). PCR conditions were were
10 min at 90°C and 40 cycles of 15 s at 95°C and 1 min at 60°C. Single PCR products were
) confirmed with the heat dissociation protocol at the end of the PCR cycles. The amount of
FTR1 expression in infected brains was normalized to either 18S rRNA or ACT1 (Table 2)
and the quantified using the 2(-AAC(T)) method (Livak and Schmittgen, (2001) Methods 25:
402-408 (2001)). All reactions were performed in duplicate, and the mixture included a

negative no-reverse transcription (RT) control in which reverse transcriptase was omitted.

) Table 2. Oligonucleotides used in this study.

Primers Sequence Description

Primers used for detecting in vivo expression of FTR]

FTR1-RT5* | GGTGGTGTCTCCTTGGGTAT 5’ primer

FTR1-RT3’ | AAGGAAACCGACCAAACAAC 3’ primer

18S-RT5’ CCAGACTGGCTTGTCTGTAATC 5’ primer annealing to

rRNA
18S-RT3’ AAGTCAAATTGTCGTTGGCA 3’ primer annealing to
rRNA

ACT1-RTS’ | TGAACAAGAAATGCAAACTGC 5’ primer

ACTI1-RT3’ | CAGTAATGACTTGACCATCAGGA 3’ primer

Primers used for making the fir] disruption cassette and confirming integration in the

FTRI locus

FTR1 P1 TTCGAAAAGACCGTCAGGATTAGC Annealing to FTRI-
5’ UTR

FTR1 P2 GAGGGACACAAGCAAGCAGAAAGT Annealing to FTRI-
3’ UTR

FTR1 P3 CACTTACGGCCATTTTCCATTGAC Annealing to FTRI-
5’ UTR upstream of
the disruption
cassette

FTR1 P4 CGCGCTAAATGAACAAAGAAT Annealing to FTRI-
3’ UTR

A smmAmA s e m mm



PyrF P13 CTTGGATCAGGGTGGACTCGTAG 3' primer to anplify partial PyrF (815 bp)
Primers used to determ ne FTRL copy nunber FTRL P9 CCAACAGTGAAAAGTCATCCTTT
5" prinmerwoaosmplbsoby FTR1L (250 bp) FTR1L P10 GCAATAGGAAT PGAVIIRINNQOI0B®) 3'

primer to anplify FTRL (250 bp) ACT1 83 TATCGTTCTTGACTCTGGTGATG

downstream of the
disruption cassette

FTRI1 P5

ATGTCTCAAGATCTCTTCAACCGTACC

5’ primer testing for
the entire FTRI
ORF (1100 bp)

FTR1 P6

TTAAGCCTTAATAGCATCAGATTCG

3’ primer testing for
the entire FTR1
ORF (1100 bp)

FTR1 P11

GATCACTGCCATGGGTCTTGCTAT

5’ primer to test for
503 bp of FTRI
ORF

FTR1 P12

TATCATGTTGGCTTCTGGGTCTC

3’ primer to test for
503 bp of FTRI
ORF

PyrF P9

GCCGTGGCGCAGACAAGAG

3’ primer annealing
to pyrF

PyrF P18

GTGCCGAAATCGCTCCAGA

5’ primer annealing
to pyrF

ACT1 Pl

GTCTTTCCTTCTATTGTTGGTC

5’ primer to test for
functional template
DNA (600bp)

ACT1-P2

CCATCAGGAAGTTCATAAGAC

3’ primer to test for
functional template
DNA (600bp)

Primers used in making PyrF-complemented R. oryzae

PyrF P11

CAAAGCCAATTCAGCCTCAAATG

5’ primer to
amplify partial
PyrF (815 bp)

PyrF P13

CTTGGATCAGGGTGGACTCGTAG

3’ primer to
amplify partial
PyrF (815 bp)

Primers used to determine FTR/ copy number

FTR1 P9

CCAACAGTGAAAAGTCATCCTTT

5’ primer to
amplify FTR1 (250

bp)

FTR1 P10

GCAATAGGAATTGATTTTCCTTG

3’ primer to
amplify FTR1 (250
bp)

ACT1 P3

TATCGTTCTTGACTCTGGTGATG

5’ primer to
amplify actin (250
bp)

ACT1 P4

GAAAGAGTGACCACGTTCAGC

3’ primer to
amplify actin (250
bp)

Primers used for making RNAIi strain

PyrF14

CTCGAGGCTTTAGGTCAAATTGTGG

S’ primer to
amplify 1641bp of
PyrF to clone in




5 prinmer to anplify actin (250 bp) ACT!
to anplify actin (250 bp) Priners used for
prinmer to anplify 1641bp ofCPyusEomoomkone in
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WD 2010/ 107500PCT/ US2010/ 000820 54

54

P4 GAAAGAGTGACCACGITCAGC 3' pri ner
maki ng RNAI strain PyrF14

pRNAi-pdc
PyrF15 CCCGGGTTATTGCTTGATACCATATTGTG | 3’ primer to
amplify 1641bp of
PyrF to clone in
pRNAIi-pdc
FTR1 P7 GCGGCCGCGCTAGCGCATGCATGTCTCA | 5° primer to
AGATCTCTTCAACGTACCGATC amplify 450bp of
' FTRIto clone in
pRNAi-pdc
FTR1 P8 GACGTCCCGCGGGGCGCGCCGGTGATAA | 3’ primer to
AAGGCAAGACAAAGAACGCGTA amplify 450bp of
FTRI to clone in
pRNAi-pdc
18SrRNA P1 | CATGGTTGAGATTGTAAGATAG 5’ primer to
amplify 18S rRNA
18StRNA P2 | AGTCAATGGACGTGGAGTC 3’ primer to
amplify 18S rRNA
Primers used for making synthetic FTR1p in E. coli
SynFtrip PS5 CATCACCATGGGATCAAAAGAAT 5’ primer to
GTTTAATACTGAATCTCCA amplify synthetic
Ftrlp
SynFtrlp P6 CTAATTAAGCTTGGCTTAAGCTTT 3’ primer to
AATAGCATCAGATTCAATTTTTTC amplify synthetic
Ftrlp

To disrupt the FTR1, we constructed a gene disruption cassette encompassing a functional

PyrF copy (998 bp) amplified from R. oryzae wild-type flanked by 606 and 710 bp fragments
of FTR1-5" UTR and FTR1-3* UTR, respectively (Fig. 23A). The gene disruption construct
was PCR amplified using primers FTR1 P1/P2 (Table 2) in order to obtain a 2.3 kb disruption

fragment containing only the pyrF flanked by homologous FTR1 UTR sequence (Fig. 23A).

This was then used to transform R. oryzae M16 (pyrF mutant) with biolistic bombardment

(Skory, Mol Genet Genomics 268: 397-406 (2002)). The disruption cassette replaces the

entire FTR1 coding region from -16 to the stop codon, with the pyrF gene fragment. Isolates

obtained from two separate transformations were purified with one round of sporulation and

single colony isolation on chemically defined medium (YNB+CSM-URA) supplemented with

1 mM FeCl3 (iron rich) to favor the segregation of the FTR1 null allele, since FTR1

expression in this iron concentration is suppressed (Fu et al., FEMS Microbiol Lett 235: 169-

176 (2004)). Isolates were tested for integration of the disruption cassette with PCR primer
pairs FTR1-P3/PyrF-P9 (expected 1054 bp) and PyrF-P18/FTR1-P4 (expected 1140 bp).

Disruption of FTR1 was confirmed by the absence of a PCR amplification product using



PRNAI - pdc Pyr F15 CCCGGGTTATTGCTTGATACCATATTGIG 3' primer to anplify 1641bp
of PyrF to clone in pRNAi -pdc 5 priner to anplify 450bp of FTR1to clone in
pRNAI - pdcwB BRI/ 187506CCECCCCGCTAGCGCATCCATGTICTCA AGATCTCTPCAAGENIACUE2IC FTRL
P8 GACGTCCCGCGGGECGCECCGGTGATAA AAGGGSAGACAAAGAACGCGTA 3" priner to anplify
450bp of FTRL to clone in pRNAi -pdc 18S r RNA P1 CATGGTTGAGATTGTAAGATAG 5'

pri ner pgmgp&ﬁ"l[&lei,Q‘g‘ R;IRRﬁ\(expected 503) to amplify the ORF of FTR1 and by Southern blot

analysis. In an effort to obtain a homokaryotic isolate containing the FTR1 null allele,
transformants with confirmed integration in the FTR1 locus were further taken through 14
rounds of sporulation and single colony isolation on YNB+CSM-URA supplemented with 1
mM FeCl3 .

We previously found that FTRI is expressed in vitro in iron-depleted conditions (FeCl;
concentration between 0-50 pM) and suppressed in iron replete media (FeCl; concentrations of
>350 uM) (Fu et al., FEMS Microbiol Lett 235: 169-176 (2004)). To investigate if FTRI
disruption had an effect on the ability of R. oryzae to grow in media with different sources and
concentration of iron, we compared growth of several putative null mutant strains to growth of
wild-type or PyrF-complemented R. oryzae. Growth was compared on media (CSM-URA)
which had been previously chelated for iron and then supplemented with defined
concentrations of free iron (i.e. FeCl; or FeSOy) or iron complexed to deferoxamine
[ferrioxamine] or heme. Compared to wild-type or PyrF-complemented R. oryzae, putative
Jirl null mutant strains had significantly less growth at 48 h in iron-depleted media (i.e. free
iron at 10 uM) (Figure 23C). Ferrioxamine or iron complexed with heme at 100 pM
(relatively depleted because iron is complexed) supported the growth of the wild-type and
PyrF-complemented strains better than the putative fir/ null mutant. However, free iron at
1000 puM (iron-rich media) supported the growth of all strains equally (Figure 23C) consistent

with our previous findings that fir/ is primariiy expressed in iron-depleted environments.

Growth of the putative ftrl disruption mutants were compared to R. oryzae wild-type or R.
oryzae PyrF-complemented strain by growing on plates YNB+CSM-URA supplemented with
10 or 1000 uM of FeCl3, FeSO4, or with 100 uM of heme, or ferroxamine as a source of iron.
Additionally, putative ftr] null or RNAi mutants were compared to their corresponding control
strains for their growth on YPD or chemically defined medium (i.e. YNB+CSM-URA).
Briefly, ten microliters of 105 spores of R. oryzae spores were spotted in the center of plates
and the mycelial diameter was measured after 48 h of growth for medium containing FeCl3,
FeSO4, or ferroxamine or for 72 h for plates supplemented with heme. The experiment was
repeated three times on different days and growth rate was expressed as increase in mycelial

diameter of the fungus per hour.

Interestingly, growth of the putative fir/ null mutants increased to levels similar to the wild-
type and PyrF-complemented strains after 96 h on iron-depleted media (data not shown).

Furthermore, PCR analysis of these cultures after 96 h of growth confirmed that the FTR/



18S rRNA P2 AGTCAATGGACGIGGAGIC 3' prinmer to anplify 18S rRNA Prinmers used
for making synthetic FTRIp in E. colt SynFtrlp P5 CATCACCATGGGATCAAAAGAAT
GITTAATAGVGAAGIZ0A 5 primer to anplify synthetic Ftrl pcSyuskinlopostd
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of nuclei present in swollen spores using DAPI staining was determined. Briefly, to determine

the number of nuclei present in R. oryzae spores, spores in YPD medium were pregerminated
for 2 h at 37°C. Swollen spores were washed once with cold PBS then suspended at a
concentration of 5 x 105/ ml in PBS. One pl of 50 ug/ml of 4’6-diamidino-2-phenylindole
(DAPI, Sigma) were added and the cells were electroporated (BioRad) according to the
manufacturer instructions. The swollen spores were washed five times using cold PBS prior to
resuspending in 100 pl PBS. Ten pl sample was placed on a glass slide and covered with a

coverslip. The stained cells were visualized using an epifluorescence microscope.

It was found that R. oryzae strain M16 had more than 10 nuclei per swollen spore (Figure
24A). Given the high number of nuclei present, 14 rounds of sporulation and single colony
isolation of putative ffr/ null mutants on iron-rich medium (i.e. medium containing 1000 uM
of FeCl3) were performed to segregate the null alleles by relieving the selective pressure for
maintaining FTR/ (since FTRI is poorly expressed in iron-rich conditions) (Fu et al., FEMS
Microbiol Lett 235: 169-176 (2004)). PCR analysis of the putative null mutants after 14
rounds of selection demonstrated lack of amplification of FTR/ ORF (Figure 24B). Similar to
the results in Figure 23C, the null mutant had defective growth on iron limited sources for the
first 48 h compared to wild-type or PyrF-complemented strains. However, after growth of the
same putative null mutants in iron-depleted environment (100 pM ferrioxamine), the FTRI
ORF was once again amplified by PCR. These results were confirmed with Southern blot
analysis (Figure 24C). The Southern blot demonstrated almost complete elimination of the
FTRI band (1960 kb) from gDNA of the putative fir/ null mutants grown on iron-rich
medium, but return of the FTR/ band after growth of the same strain on iron-depleted medium
(Figure 24C). Additionally, Southern hybridization analysis confirmed the site-specific
integration of the disruption cassette into the fir/ locus only when the putative fir/ null mutant

was grown in iron-rich medium. Finally, there was no evidence of ectopic integration or
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nycelia iameter of the fungus per hour. Interestihngly, grow
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PyrF-co nted.st.rains after 96 h on iron-depleted nedia (data not
shom).g@dggﬁ%?%orbzam anal ysis of these cultures after 96 h of growh
confirmed that the FTRI WD 2010/ 107500PCT/ US2010/ 000820 56 ORF was once

again detectable in all of the put@sawfilen4 null nutant transfornants
(Figure 23D). Simlar results were obtained with several other putativeftr/

nul I nmutants. and. jt sﬁ concl uded that one round of sporul ation and single
col ony i t opy,pumperatienpafesiron pptake in vitrp and seduces yirulence jn|

allele strain. R oryzae is known to bhg,coenocytic and it is generally
presuned t hat sporangi ospores are nul finucl eated, although the nunber of
nucl ei has not been previously described (Ma et al., PLoS Genet 5: el 000549
(2009) ) As chon Hersiny prdushomphida reativecdpy wrhsr of fingtional TR iprieveyroe iof

het er ok i I il h th el ium and or I OSpor e a t he
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spores e (FigusedCance with col d PBS then suspended at a concentration of
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(DAPI, Sigma) were added and the cells were el ectroporated (Bi oRad)
according to the manufacturer instructions. The swollen spores were washed
five times using cold PBS prior to resuspending in 100 pi PBS. Ten 111
sanpl e was placed on a glass slide and covered with a coverslip. The
stained cells were visualized using an epifluorescence mcroscope. It was
found that R oryzae strain M6 had nore than 10 nucl ei per swollen spore
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WO 2010/ 107500PCT/ US2010/ 000820 57 extrachronmosomal replication, consistent
with the fact that the relative copy nunber of theftr/ null allele was
dependentwonotone7soat i o of heterokaryotic nuclei. To compamrastéie/ocispy number
of FTRL in the putative ftr 1 null maant grown on iron-rich or
iron-limted nmedia or to those of PyrF-conplenmented strain, qPCR was used.
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strain]. gPCR was used to quant the copy nunber of FTRL in
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60% redyction in the relative copy nunmber of FTRL (normalized to ACT] gene)
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allele .not obt ai ned., Ex | e 14 Reduction of the FTRL copy. nunber
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her ei n, g&RdH Gk lopRIMRS 1dchedb&! it hitEctGRYenBeimber of functional FTRL in R
oryzae I's sufficient to decrease iron uptake and therefore reduce

virul ence. The putative ftrl null nutant had a -35%reduction in 59Fe
upt ake conpared to wild-type or R Esxapel®yrF-conpl emented strain (Figure
25C). WD 2010/ 107500PCT/ US2010/ 000820 58 To deternine the in vivo
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intravenously (i.v.) or intranasally (i.n.) with strains that denonstrated
simlar.growh jn vitro on iron-rich environ t. of _YPD o CSM URA

(o 1855 5OArE thg PERAToGacr i aeBF ARRLPtiSt: RevAy R Ferensai RN s wisd to

0. 008 odinfinid® FFR. RRpressTbN id RI oYk, Pyr F- conpl emented on iron rich CSM URA or

YPD nmedi um respectively) (Figure 26A). In both nodels, the putativeftr/
nul | mutant showed reduced virul ence conpared to the wild-type or

Pyr F- cofpyeiisatersncs (RNAY eehmploay wapwikized te inhibiy theexpragsianof EERI dot r ol
strains,, ' ' ] i j % 5% prtality for
it ant S gn P SR RES A PORT R AR RECTE RO ik
expect edits abordussg uptake Steatnfan@tahpSdidiead? ani 558t 15571 ) pdayPCR drlyslified
putativeftr/ eHull nmut ant. strain denonstrated simlar copy nunbers of FTR1
conpar % BoReA s gy PrveztshseRsab Rl CeRt iqg%(ed%}ﬂléome@%ﬂ/ﬁ? vestagpkdeA-FE of
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environnents in vitro. AdditionalTy, 1n bot p -conpl enent ed
st rai n ReidopismdcArgent (Skaandeurr dichebiol 47d 594682603 )p s areludtdienvedenatpaag t hat
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Fungal Genet Biol 42: 275-283 (2005); Wesley et al. Plant J 27: 581-590 (2001)). The
generated plasmid was transformed into R. oryzae pyrF mutant using the biolistic delivery

system (BioRad) and transformants were selected on minimal medium lacking uracil.



I nhibition of FTRL gene expression by RNAi reduces iron uptake and

di m ni shes virulence of R nmew To confirmthe phenotypes seen after gene
di srupti omp 2RNAoTswer f erence (RNAI) was used to di m ni sirCiFiiRkoexpsessi on in
R oryzae. RNA interference (RNAi) tew®hnology was utilized to inhibit the
expre55| on of FTRL in R oryzae. A 450 bp fragnent of FTRl ORF cont ai ni ng
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cont r ol trapstermant 5. G0 129&337 oAl i +9.8 21 Grevh o thegenirgheivain erhiremeick SSM-R|

t enpl at g A t he starting sanple and the |ack of
PCR i nhi bi tg{“gﬁﬁ nﬁﬁ& Eﬁf dn%%%ﬁ%ﬁ?gi;’/g SI on by RNAI was specific, with no
apparent reduction in off site gene expression. A )representative RNA

t r ansf ol haahilityetovakst umiretwses testedin gitmmfhhe cansfomnait wathrrssan cavhpletegnbibitiomn

h h_YPD 93+0. 0 0.205+0..016 cni h for
thetr aRbf DR hefiresion Shssilar goudh o e §oniol ot daiahini, RIS HersH
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ability to take up iron was tested in vitro of the transformant w th near
conpl et BOR Hpiaks atjadlfimes tested (Figure 27C). Briefly, to characterize the effect of FTR1

manipulation on the ability of R. oryzae to take up iron in vitro, ftrl putative disruption mutant
or the RNAi mutant were compared to wild-type or R. oryzae PyrF-complemented strains in

) their ability to accumulate intracellular **FeCl3 (Amersham Pharmacia Biotech) using a
modification of our published method (Fu et al., FEMS Microbiol Lett 235: 169-176 (2004)).
Spores were pre-germinated for 3 h YPD medium supplemented with 1mM ferrozine and 1
mM ascorbic acid at 37°C with shaking. Cells were harvested by centrifugation, washed twice
with ice cold assay buffer pH 6.1 (minimal medium + 10 mM 4-morpholinepropanesulfonic

) acid + 1 mM ferrozine), and then resuspended in assay buffer without any ferrozine to give a
concentration of 108 cells per ml. To measure uptake of *°Fe, 50 ul of the cell suspension was
added to 450 pl of chilled assay buffer without ferrozine but supplemented with 0.1 IM
59FeCl3, and incubated in a shaking water bath at 30°C. After selected time points, the assay
samples were chilled on ice, vortexed, vacuum filtered through Whatman GF/C filters and
washed with 10 ml ice cold SSW (1 mM EDTA, 20 mM Na3-citrate pH 4.2, | mMKH2PO4, 1
mM CaCl2, 5 mM MgS04, 1 mM NaCl). Filters were removed and placed in glass
scintillation vials containing 10 ml scintillation fluid (Filter-count). Cell-associated *’Fe was
counted in a Packard 2200CA liquid scintillation counter (Packard Instrument Co., Downers

Grove, I1). Nonspecific uptake due to cell surface adsorption was determined by preparing



i of FTRL expression and simlar growmh to the control strain. _
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) Example 16

Passive immunization with sera collected from mice vaccinated with Ftrlp protects mice

from R. oryzae infection

This example demonstrates that passive immunization targeting FTR1 would protect against

mucormycosis.

To generate immune serum for passive immunization, mice were immunized by SQ injection
of Ftr1p mixed with complete Freund’s adjuvant (CFA) followed by a boost with another dose
of the antigen with incomplete Freund’s adjuvant (IFA) at day 21, and bled for serum
collection two weeks later. Another set of mice were vaccinated with supernatants collected
from E. coli transformed with empty plasmid to generate non-immune control serum.
Antibody titers were determined using ELISA plates coated with 5 pg of synthetic
recombinant Ftrlp as we previously described (Ibrahim et al., Infect Immun 73: 999-1005

(2005)). Immune or control sera (0.25 ml) were administered i.p. to diabetic ketoacidosis



infection, and 11%vs. 67%nortality for RNAI transformant vs. control in
the intranasal )nodel, p<0.02 for both conparisons by Log Rand test)
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skilled in the art will readily appreciate that the specific examples and studies detailed above
are only illustrative of the invention. It should be understood that various modifications can be

made without departing from the spirit of the invention. Accordingly, the invention is limited

only by the following claims.



61 recipient mce 2 h before intranasal infection with 2.5 x 107 R oryzae
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are only i P binging desnain or reextraceHulapregidntof Rl d be under st ood t hat
various nodifications can be nade w thout departing fromthe spirit of the

i nvention. 4Accoiqj J-nvention is |limted only b he fol |l ow ng
cla s T 2010/ Hgeb bR ShneR0ald et fSny pdlnkive ayshcs

vacci ne cothpoisistbsiantiatlg mpmiptinegtay tdFRed201 § peidudes nledidiea b FIRNI C
fragnment of said ept.ide, and a thar maceutical |y acceptable carrier. 2.

ol yp | C
The vacci nﬁqemogfrﬁv%ﬁpa?n BIogRqiery and g FrapSFIPHRRRIMEnatey; derein theamemoBr The
vacci ne cgj | [ [ . nL,.conpri se an
Fon bi ngi g oo Tk (G R ST nu B Bt A sARRLE i PRROLIGRIE
conposi t i otequereaps dpxralyy dinked toothe trangaripsion terminuted, eed & gharsequa@iedyt hat is
subst anti al Igtclﬁnpl imentary to at | east 18 contiguous nucl eotides of FTR
sequence, B HRANEEPTISTi on promoter, and a transcription terninator; wherein
the pronoter is operably linked to the FTR nucl eoti de sequence, and wherein
the FTR nukl eotTidevasciaeebmposifioR BEEIaRA ¥, furthkeshrtidifteart ABRS&RT PLi On
term nator, and a pharmaceutically acceptable carrier. 5° The vaccine
conposition of claim4, further conprising an adjuvant. 6. A
phar maceut cal ‘%Bﬁﬁ'ﬁ%‘ﬂcf"?t&ﬁql FUPPesites for freatingwraveranting afungal gemditiomiti ai on i n
a subj ect JyBiel : ] S] nj i .S l, interfering RNA
or an ant i.bo?dspﬁﬁlﬁ%%?{egégfb%&%?%ﬁ%% Ig%%tgsgn% %lrsné? lp:zlﬁegrrf %ﬁnrﬁn%%]r‘?‘s?rs% %%8?3' a
nucl eot i denkibijoralCElR belected frombtht gndupadonyisionel 4 medéaidy stqueac®at ison of an
FTR sequence.. &. I’l]luC| eotl.i de se(ﬂ?uence. that is substantially conplinentary to
at |east TIOCANAYFOMPIRFNAENET 4ROBoLAL ap#TRSeIuesGehBUSICqlide rensmee ghat RNA]
sequence tibalbstanislpodmphinahiyy GURTEN bR fHeldoiRS hatk of A7 guOUS
nucl eoti de bases of FTR sequence; an antibody or antibody tragnment thereof
t hat speciSEA¥aCE:)A Bickeside FYrenselthgapsubdentallpcdmplgnemarytthat kaft;18and a

contiguous nucleotide bases of FTR sequence; an antibody or antibody fragment thereof

that specifically binds to an F7TR polypeptide or a fragment thereof: and a

pharmaceutically acceptable excipient or carrier.

7. A method of treating or preventing a fungal condition, comprising administering
to a subject having, or susceptible to having, a fungal condition an immunogenic amount

of an FTR polypeptide, or an immunogenic fragment thereof,

8. The method of claim 7, wherein the immunogenic amount of an FTR polypeptide

is administered with a pharmaceutically acceptable medium or adjuvant.

9. The method of claim 7, wherein said fungal condition comprises Zygomycosis.



pharmaceutically acceptabl e excipient or carrier. 7. A nethod of treating
or preventing a fungal condition, conprising admnistering to a subject
havi ng, owo=woscepionbl e to having, a fungal condition anPCrFusa@g®miseo anount
of an FTR pol ypeptide, or an i mrunogeidi c fragnent thereof. 8. The nethod
of claim?7, wherein the i nmunogeni c amount of an FTR pol ypeptide is

adm ni ster Wi a a eutjcal ly acceptable nediumor adjuvant. 9. The
net hod of gfaai mtlj‘?l,e r@ﬁ%@?@&:&%‘g} %é‘&lsa@ﬁép{qyﬁ?ﬁl%wr ewBprsegonycosi s. WO
2010/ 10750@&55{-,{:,??2@350/ 000820 63 10. The nethod of claim9, wherein said
zygonycosi s further conprises mucormycosis. 11. The nethod of claim 10,

wherein said nucornycosis caonprises rhinocerebral nucornycosis, pulnonary
nucor nycosild; gd&e msithadeefiglaia 1 Mnydireip saidinsycodingemsis comteitesthinsoayebesli S,

bone nucor i i [ Qrmy:cosi s,. trachea mucormnycqgsis,. ki dney
MUCOr MyCos @s{%gggfﬁotsgggﬂ?nﬁﬁugor ngaé o8] f:gy;ls’s%ﬁ‘ﬁté‘?lpﬁ?ﬁt‘% Hawea%cwe&smlagﬁeé or
external ofmucosnynesisy boreanicormyddsis, TReliashiRth &orkly8bsR, khchayher ei n sai d

MucCor nycosi s i s ass.Oﬁ]iéigt ed with an infectious agent wi thin the order
Mucor al es. MU MRS e ROUMYFOTRIYSPHS IZEritofietmeinpcaraiydosigsupenartvenacavae or der

Micor al es hfuce@hRetRGr ExRMal BEL Hng! L1 es of Choanephoraceae;
Cunni nghanel | ace%g I\/U(r:oraceaae; ll\/ycgét)?/ﬁ h?(s:%'ae; Phycomnycet aceae Pil obol aceae;

Saksenaeaceae; Syncephal astraceae; or Unbel opsi daceae. 14. The nethod of
claim 12, hher elhe mgthedafelimyilt Whereimsaid mleormguosisds &Sodisted with an

infectious agent within the order Mucorales.

13. The method of claim 12, wherein said agent within the order Mucorales is
selected from the fungi families of Choanephoraceae; Cunninghamellaceae;
Mucoraceae; Mycotyphaceae; Phycomycetaceae; Pilobolaceae; Saksenaeaceae;

Syncephalastraceae, or Umbelopsidaceae.

14.  The method of claim 12, wherein said agent within the order Mucorales is

selected from the genera of Rhizopus, Absidia, Apophysomyces, Mucor, or

Cunninghamell.

15. The method of claim 14, wherein said agent within the genera of Rhizopus,
Absidia, Apophysomyces, Mucor, or Cunninghamell is selected from Rhizopus oryzae,
Rhizopus microsporus, rhizopodiformis, Absidia corymbifera, Apophysomyces

elegans, or Rhizomucor pusillus.

16. A method for treating or preventing a fungal condition in a subject in need
thereof, comprising exposing said fungi to an antisense, a small interfering RNA or an

antibody (polyclonal or monoclonal) inhibitor of FTR,



selected fromthe genera of Rhizopus, Absidia, Apophysomyces, Micor, or
Cunni nghanel | . 15. The nmethod of claim 14, wherein said agent within the
genera ofwBhomwopexy Absi dia, Apophygpnyces, Micor, or Cromiusghamedso i s

sel ected from Rhi zopus oryzae, Rhizopus m crosporus, rhizopodiforms,

Absi di a corynbi fera Apophysonyces el egans, or Rhi zomucor pusillus. 16. A
met hod f r tr ent fgetp i N need
ther eof . 1dorprreigr ek @BUFHE S ithifn AUl ROEL M Ody bRy U

interferi icBgh lgaQ{,nnmltaﬂgdlmwfrémqhygfcmlpalonmstmgﬂf@cmwmtl)de|S¢ﬂueb¢€t dati6f FTR.
WO 2010/ 10750064 PCT/ US2010/ 000820 17. geggi claim16 géer\ 4D sai d
ant i sens@uwtararﬂﬂlb’@éwhmt%y {0? PR P Q‘ Wc & RC9USATH AP SHCIS At ed
fromthe l nfigldlus hclsosd Red al |y
conpl i rrensg ue%&f gl%g%p%%%tlg%h gfd%a @r%%%ﬁ%@?%gg?gqu%ﬁe an nucl eoti de
sequence deIHIR dequaithsd antléatideyRIEAnmiquemaet thatyis svd)ssantlalélag@mmlzmé@tﬁm §ibus

nucl eot i de bases of FTR u | eoti de

subst ant ilgast {8 &%‘Pﬁﬂ“PH%ﬂ‘t“j?‘a dt%g’ asgs qq.elgl?{ SeAgeSnY o?f@l%%g &%%'bases of
FTR sequ 1enf i ?Ecﬁ%ll?%ﬂiﬂs% aﬁIWRQQQ}éoﬁﬂagﬁﬁeﬁcet baltypsgn&iel driacal | y bi nds
to an FTR nucl eot1 de sequence, polypeptide or a fragnent thereof.

fragment thereof.



