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LI VE GENETI CALLY ATTENUATED MALARI A VACCI NE

CROSS- REFERENCES TO RELATED APPLI CATI ONS Thi s
application clains the benefit of U S. Provisional
Application 5 No. 60/631, 228, filed Novenber 26, 2004,
and U.S. Provisional Application No. 60/531, 479, filed
Decenber 19, 2003, all three of which are incorporated
by ref i Tesi MRS ERVANENRI VEC
(X)JERNE/LE %E(EEI\TISE RIIE;?H"%lf TED The U. S. CINE
Governnent has a paid-up license in this invention and

bat ent CovBOSoREFERRRS RO ATREABPLICRT N, o
pr ovipgle d affifcalivn t REaikR" "le OfbeRHlt AOP3TNS. apa¥vilechaby Application

the Natiohal Institutes of Health. FIELD OF THE L
No. §Of6&T228, filed Newembenv@6i i 2004, claaded).Bo Pramisional Application

NEBL P AL Soddeber L B PR B of S e by
refRkbnB® fteir LAEAAGKEROUND OF THE | NVENTI ON Mal ari a
. has a trenendous i act on human health, killin

millions &WAEE PR GRVERNMENT LIGENSE RIGH

i mpedi or a C jev, soht
nat ito0h GfenRREN Chosl PaREl REbisc 16 B REo hod the right in
lixﬁiualk& u‘&%hﬁfs&ﬁcééftbire@ife]mg paient %memo diveresd oflicrmbn pezsdnable terms as
Mal aria_is a nosquito-borne disease t IS .
previdesfor by dee teyms aHRO1AG3703 pwarded E’Wég%atl%ﬁl Jpptitutes of Health.
parasite sporozoit gyEi #PSF TRRONGVRNIGHN Nvade
hepat ocytes (2), transtorminto |iIver stages, and
s ub SEis! éiventivy eelates agelivie geretipatiyn madifiedRiasmpdiues okgapisms and
“i.n rel ease of pathogenic rozpites.(3). Because
theiRuReras dRPUPESPES: unqeRiegiors oy Xaequion PUTROSA% ned

el usi ve and t hepa@RERVUNDEF THE IRBNTRORAr asi te
ude

Pl asnodi um mi ght prec the successful 25
devéVialarie has aftresientoss irapact om human health, dalingmilliensi angually and

8 BREREcH R e 7 o Gl Bl G RREHH ntions n
mﬂ&%e&&éﬁﬁ@ fitehd tyagtidulari inSab-SaRsteh A A0S (K be tewppedded iitations).

umans by induction of sterile protective innuni tﬂ\{ i
Malaria isghmosgtiorbarne disghsetthatrip fransmitted bytineswlationpf the Plasmodium

Pﬂ&gi’t% ?ﬁ%&%&ﬁe&&g@b éscpéhcgzgﬁtﬁsl Itélsfglgea n%gagocgg%g%gﬁrgﬁifb% lsfto liver stages,

anfll fubsépiesd IiYr Stapel dévelopehentiltifiateBs pesuliesin tdieselyf pathogenic

preventing nmalaria infection (7). The recent
merpeditestit) i ty of conpl ete Pl asnpdi um genome sequences

(8, 0 iy 0. . : d th

| e pl BB il RIERCORRE Rie remajnefl clusive and the
cogpiedityC ofafiep uhalufianparasite Plashbding ewightspieclide the successful

profiling, we preyi ouslﬁ%i dentified genes that are

dexplepmentaiisugh a ¥pecias avhal PreABISIHECHINE SpPTPArReS @ppinst malaria have

1atg13{3 olld UG WRAT ARkteSt l@i: q¥e 'jegélg)&ny 189 spéh WNRgEin® has been

-erythrocyti C genes up-regulated in .
deirvhetedted én Hpdmalz aicdels) aml swbssdpoantlst mphumans bggmdaetionnof sterile
i n sporozoifes, when fhe ain . nfectivity for, tthe .
PIOSRFHNG ilawuﬁﬁxtth{%g. ingeRlpflpt itk inpaiay e Rervieid, Bresites (5. 6)
i Ve tyRealsB dingl dbta! b letel
ng%g\é\‘g,gé(se%genp ?ﬁ?&gﬁﬁﬁ%%%ﬁe%&bg?%dds in Ji‘(nf ect fvcéon.lpeey
elinyinated diyt steriliging iRymmedresfichides, dherelrs peeventing fmalanm infpction (7).

I ,
TheI ;/e%cr:nt availability of complete Plasmodium genome sequences (8, 9) may now

permit the development of live-attenuated parasites by more precise and defined genetic

manipulations.
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stage devel opnent: uis3(-) and uis4(-) sporozoites

i nfect hepatocytes but are no |onger able to establish

bl ood stage infections in vivo and thus do not lead to

di sease. The 10 invention thereby provides the first

live Plasnodi um organi sns that are genetically

engi neered to disrupt |iver-stage-specific gene

functions Surprisingly, inmmunization with either

Ui S3(Dking  expteidibn )profiong 20¢ pesvionly tdentifiedpenesethat are specifically
protecti On agai nst infectious sporozoite challenge in

xpr@ged thuried e ipfe-aiytabeytithpest qiithe patasitalifesysledd b Fad A number of
and stage-specific. These findings provide the first
pre-cgpthesdytialgknesantmed dASéup-negilased immifitctive sRorazqites) also showed up-

vacci nes. Thus, the invention provides g, netho
fegulaﬁnn&mmz@eawhaﬂ@mmnfﬁsémtﬁ&wth%m@ﬁ@“b@l)-
adm nistering to t t ' ' or gani sm
that is geneticall sﬁ&ﬂg‘?‘fg@d o di srupcwz:fl1

Ve kRS BB ot Bt i QBB Sndi OB g, exemplified by

furth a vaccPne conposition conprising a

L RS | ' g, ial for early li
pE éﬁg@.?g%&@ %ﬁ?&z@ﬁés béheT) W0HI1ABY, ate elsential for early liver

engl I ver-Stagé-specific gene

§t?£l=9 HE%Cpﬂléht?‘QEB(Lj RY uis7E) isPaRRbit inksco hibptescyttéscbutsare no longer
0 a vacC

I ne conposition conprising a |ive Plasnmodi um
51835 sstblifiabldod ganeirifeciony iandvaend dristdo dpt teaagttoediscase. The
l'iver-stage-specific gene function. The invention also )
BiveNticte shdreliy proxidest thenfinst livev Rbwmodiupe muganismsy thatgre genetically
suspendi ng the subject engi neered Pl asnodi um organi sns
engineesed toadisrapplinerstagetspeaific iggnefiwetiontbl e carri er

sol uti,on.. 25BRI EF DESCRI PTI. T x .
SR bRt Wi o RO WL spormic cones
é&hﬂ@&%@ cﬁf)nta?bfnsﬂ RF&IHouS Rp¥okzbitd ebudlengerin @ rodeuti inplaria model.
appreciated as the sanme becone better understood by . the first
Thise perieiono it isustéiobd owidn gtogerneaifie: qdbess SOAMES piwide the
taken 4 n _conj URCti BE i ng draw ngs,

R e R L S A |
Pl as mhﬂ%@'i&%nﬁbﬁgﬂbﬁdes anethsd formd culatig arvertebinte host against
and FI GURE 2 depjcts t.he replagenment strate -
sty Gygeirainiaingrio Weos 15 AURPPAS SRR i 1o genctically
Eﬁ@%n&ktﬁi@ﬁ%& hga-%g@egﬁc%\én%éﬁnP%mon further provides

I'nventTon provides a method | )
f0vaccliRC Ubmabbsiorn. comprisingaaelive Stlasmedimgt orgaism that is genetically
Pl asnodi um parasite, by adm nLsteri to the h . . :
FREiBePb ISR, BrIDiSHPERERET S doyiiyy | 1 ddatioR, tho fnvention
ﬁqu}'i{é%%ggset& ad\'fa%r:ﬁig%oﬁ bsi¥ieh 'c§1§1§ﬁ§i:n§ Rafief Plasragdiim organism that is
uncti on. y Pl Ssfrodi um parasite Is neant any . ,
genstienllp bngineerpd tit dizoiph a Jonustagé-spaeiit gene fpetiand; Heg invention also
H]oe\«;égosu FEEO%%?%# 'é g f"ﬁgﬁﬁiﬁoglﬁan&%%g@gﬁeﬂﬁﬁlg the'fbject engineered
bhlisHRth SRERLKe PRsdmdctuticall [@édaeier soution.

?ZWG%SWFhat I'S sﬁ?ce tible t g infection by the
wi | d-type Pl asnBRIEFDESCRIPTEON OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this invention will
become more readily appreciated as the same become better understood by reference to

the following detailed description, when taken in conjunction with the accompanying

drawings, wherein:
FIGURE 1 depicts the primary structure of Plasmodium UIS3 proteins, as

described in Example 1; and



10

15

20

25

30

For use as a live anti-malarial vaccine, the

Pl asnmodi um parasite is genetically engineered to

di srupt a liver-stage-specific gene function. The term

"di srupt liver-stagespecific gene function" or

"di srupt LS-specific gene function” neans interfering

Wi th an LS-specific gene function such as to

conpletely or partially inhibit, inactiyvate, . )
at t enBHFURELS depicts|the képlasemest stitegy needdergeneigit thegfis3(-) parasite
f,or .ex e gene di sruption or influencing .

F?Sﬁﬂﬁ%‘f ’f%‘??kié/i[‘r ansl ation, protein folding, and/or

pr ot ei MDEEAINED PESTRPTEON OF THE PREAFRRBE EMBODEMENT
function” or "LS-specifi ce%ewne fupction” refer

to .
f unct Tbe inventionsprowidas remethod faretnosklages ﬁ'a?’ﬁ%té%r%@ ﬁ‘&?t against a

' odyce 4 nf ' f j, t f .
PlesiBplft buRSP $9CadulhBiirt gD B RS, 1S Ao S A N rpfilsm that is
péieticalliidrghsbefed to disript d Intep-stageispbufia pam/fueetii0 or
mai nt enance of the parasite in asexual RQl ood ctﬁll "
st ageByaddassradinme 1 PERsits 1§ nmset FBY s T pLthe protozoan genus

WS%HM, %&ﬁcﬁjhg Bhd ﬁ‘m{r Qééciié%ttﬁgt &gseph@%’ ddlfa: P. vivax, P. malariae,
sporozortes In the salivary glands of nosquitoes.

Phiddipsmm, cadi P.asvaleav Ste doeprapacing venébraiechast ris éohuman or other
host _.and differentia intg Liver sta L forns, .
SRcoRdary hoghihaly Swcresfostiph BY 3 S tPkiupedin parastte
t hous apgd 08 4920k sntl-RidlarPl Sab&hsame dPIbimodilmeparasite is genetically
hepat ocytes and | nvade 25 erythrocytes to start the
bhginetrad toodismpta ﬁvtmageefmae'ﬂ% gene functioni sBagsterm "distupt liver-stage-

fecordi he | Lo, the Pl asmodium, fle s
sk BeRe pnealy s opiotnt I Sommee it e B TRAGIE Aals ihiErfbeng with an
£S5 Q&EE‘;gigﬁ% Sfiefoh YR 40D c‘éﬁﬁil‘et&l?ﬁﬁr paiteallyeinkibitc iddctivate, attenuate,

engi neer arasites remai n Capabl e of invadin

ng . X :
be plack die &8-specificagens tfupgtion. for exammle e gene gistuptign or influencing

est abl j.sh bl o stage. i pf [ - cif. M ar
b o 8 T 9000y P Ay AECHHS o v ige-
SRiciROine Sindtidal of SLEkpadc geriefunbifortirefersiora femetiqn that is required
an_LS-specific, gene functjion may be identified. %/ d establish th
irs biwers ptage maresitem i HlIMEelygBIRSUC IREEIQUIMEEZPSS pUd establish the
vl NMer - .
UARBESHCHAE 5B BOPURPIERSs e ) Btheproyes
tPna8gekaabe df ithe binusite in sfeagsl Wlood cell stagempnd production of infective
expressed at_ hjigher |evels_ in_livel-stage parasites. .
eRrEpratiest Halapar miestior 1pdptipted B 24 _5%0“2% FRRRZPIGy{n the salivary
g@ﬁ&“ bﬁﬁaogl']‘ﬁi&g.t ﬁ%ﬁé/ g& ozdij%'s ifedeHepaidchles OF B Sartebiate host and
such genes nay al so be observed i n mature, .

diffepattiateeimtallivearsiagg | (RSY fonus. o Adfkdres féwidays ithe LS puagites produce

and 3 genes disgussed. in the Ex | es bel Ll- .
Sevﬁfﬂg@%gﬂlﬁod%e%ﬂﬂeai r&fit Fejfasf$ 2 i‘ﬁ ilg“fv?\%lm %5 and invade
Eiy@ﬁb%ﬁé@m R b 108d sﬂgé cHEE thitHahss halaris dbkaRctAstrding to the
ybridi zation screens, differential display, and

et thel @lasnaxdben papsiten s mﬁ@%@%@ﬁg@ pt at least one LS-
identifyin enes se.expressi.on i s_up-. : [

piesic edhsgnfiis Syelobar uR Froaaee Bl hated B h Fmalh capable of

ﬁfvﬁ&ihguﬁépﬁt b aRAbY ZRodiekeibioroltys Ak Oginatstablish blood stage
changés i'n the transcriptional repertoire of

fyfentionsi t e- st age parasites (11) and 10 to identify

Pl asmqdi enes th ncode . [ G .
ct age etk poP i diagy BT PR rafing metodplony tha i
St @ Gh HNE alty DFbA b}?@ﬁ]]ble,nalp mge&iﬁ?ﬁ ent funetiem mayhbe identified by
of differentially regulated c of high and | ow

assessitgibe fuhotiomgdf genes whbiosmexrassiAn isun-Tegrlatpd igdlvsrtage parasites
hai t] P Li ficatiqn: s
BRLAEELALRe B BAP Bt SRt AR g ppeed infiver

and subtraction of the cDNA popul ations. Suppression

15 subtractive hybridization hds been used to anal yze
transcriptional differences between non-infective and
i nfective sporozoites and to identity genes

Y L N a
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point during the life cycle (47). The inhibitory
factor should not confer toxicity to the parasite but
rather act in arresting LS devel opnent. Such a factor
may include, but is not limted to, inhibitors of
cell-cycle progression and/ or ubiquifin-nmedi ated
proteolysis, and/or factors that interfere with
post-transcriptional contrql of gene-expression.

5 )
stpge Parasites may chee exprassed it dighey Iseels ddiveristage pprasites than in the

. . ; . 0 '
SBFL0ME PlbolatonP el inkBits ok GRS Tpld it Ukt Uphegulation of
expredsints of aucliligenepimaygalgerte bbaeetddo e miatude] dsfectiveu salivary gland

are wel |l ~known i he and be ysed ip th
SRAFaEAlicE élﬂ]_ger m the Uil Ghs asien Qtensmed b fhschmplos below). Well-
kA$ven HMthdds ok Qﬁﬂgﬁnuﬂeﬁ‘&sfnz]gt?ﬂ%r ?g(?ﬁélg@,’ ﬁ@ﬂ%k%gﬁ%lsnot limited to,

reconbi nati on, antisense t
subttaetivee thyhridization seveany| differmttiab diispity, gemb genometwidg microarray
i e B BB e A oA i tver
StHES gfamﬁés.( 1Sdch Svthodte hidd bedd SrBALRLY SdeaCHRS Shillyky infectivity-

used to disrupt LS-specific gene functions, as .
asyeeisteilisbangen iEthapanssriptionall repertoire iof eperozeiteesingst papgsites (11) and

o Eaf e T ERNE B bl bl PeiisP e icoRhstibssific proteins (12)
Féte lekafiple, Glippresdibip shbRadtivei RybrRiiaftionS péxafits selective enrichment of

Teotlde_s agai nst different reqgi ons of the P.

di%%%gﬁ; wegulaied o igh agd dewr pngenthrough a combination of

ence- e ikl bl [ s

bEERER 588 5Ly ket o RO feaf Holocoiihat allow the

sitrivdtafitoRs NigHnalizAtRinC bid rsubiradtiag Sof) die cDMA givpobaiohs e nSuppression
shown to be essential for cytoadherence by, ta %ed

subaaetivy Bybridization hassbgoneysed Ho anglyze Jranserainue] giffersnces betwoen

r 0 . t ..

bRV ) R GR ol M (SR gl rk Rl ginfoctiviy to the

mbmmediad hbst (1 he Thiaptacedurethas permitted thei identifivation pfipS-up-regulated
LS- speci fic gene fuynctio IS interference '

SR 1BCIuigE, byt oL ruted g | W&%&b %&@Fﬁﬁwﬂ%’m)e Examples

b6 Rd WHBpRIGBA tﬁﬁﬂﬁ'&ﬁ% 18bii@iRatid o PRRFodIN sallafy BR8A sporozoites

used as"a nmethod to investigate and/or validaté gene .
verensc mreyozdites vhas also dreganiiseds toi ivehtifyi ratpgeSpptifint pre-erythrocytic

ghsgipl g2 TRl Shrpetion il oruBEe Lty genes may be
coRNARBA Qusirgd niFARRS iHal R Hhdars R (tha! a(r%oilﬁhﬂinga dBPblots, reverse

serine/threoni ne protein phosphatase (PDP1) from P.
trangerdptaser POR (M};’Cﬁauwm' haebletting, iseonnefluntescenderymicgpscopy, and/or

. falej h by d i NQ..t | of
migrod By SRRy Fh AV, B mishAR SRR T AT
dehyhir egfn@aBodifhéhtsasTithe invehneek DS-shéigfie xpiefmcionOdre identified
30 cysteine protease genes (43). In the nouse nal aria

bysaalyzingnihe Hurctisse of UsEuptregulatedpeenegerss Bitther sdasgibed below.

H %‘@ér@ {ﬁ@fﬁg@%&i\% B& i@jﬁzaieci%rg%gg liitiol ad X&egs%ﬁiy LS-up-regulated

genes. Thus, genes whose expression is not up-regulated in LS forms may nevertheless

possess an LS-specific gene function.
Interference with a liver-specific function may also be achieved by LS-specific
overexpression of an inhibitory factor. This factor may be inserted by reverse genetics

methods into a pseudogene, i.e., one that is not essential for parasite survival at any time

i
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denonstrated the use of RNAI as an effective tool for

di srupting gene function in Plasnodi um organi sns.

The gene di sruption approaches descri bed above (for

exanpl e, gene targeting by honol ogous reconbi nati on,

anti sense, and RNAi ) have been used successfully to 5
investigate the function of virtually all genes in an

organi smi's genone. For exanple, the availability of

poitt shwiag dhe) bifo axde K4D. Rabindibitare fapteresheuldnotogonderrigicity to the
libraries for use in _large-scale RNAI studies to, )
Pstasge AUt igtheg agtan a%‘fﬁﬁtnga]iai devrlepment. Syl &fpgipmay include, but is not

rocesses,. such as devel opnental pathways or, stages .
lifed ty ighibitass g sellgy e Fparstpe BRd M b eipeuaiRd proteolysis,
t racti,ce.of .the..nvention ta identjfy LS-specific

sl B g e tine Fitrpont rpneomnfionel SRoRaf ang Bipesicn.

used fREpeeHRN bdey Fibtibms HRAC bbi idefiei by naial the phenotype of
i nclude,” but are not limted to, phenotgflc anal yses

petrsitessinn whtich phe anmppt genesfmotionschaye bpertidisraptsda nPeviseal methods for

. The germ ' phepotyvpi.c anal yV§iss. .. L.ncl '
Bl 8538 e o Al 2 ¥l s i o & may be used in
thke pedoBiee thfl he Ainvéntibnt Y [Such f hbihiods dRéltdgr biitnareohdtelimited to, gene

nansgeni c_reporter background. Assays may be_perforned

replacement iyt hompleanusd reeqmignation, 1 Sofisense ¢ feghnologies, and  RNA
HGHGHORON ™l ARRBE i o UE oV i v BAGH bf ibdfication of
a?l’lamumhrgeﬁé g,grﬁonémogduswbdamimbimﬁdﬁhmlelmeﬁime\g'emy described (13).
uncti1 on as een I Ssrupte are t | Ca r In .
Sueh meids,pee Boreianpegriuiiy paad Eu)éfwnthtgﬁgsq?ﬁg tggne finctions, as
ABEfhed HEAHKET o 22 hAREGAB R Togy Hos BB el ¥ACELAENy used for
disreptingo dtlaadodiyms gepen fimgionhie aFornexatmple,| iexegenous delivery of
bR B bIaH CHress AReoc O AR, i bp@oRs  Be £ alciparum
tdpdfdoniiRasst BT diR R4S rinoJeﬁﬁérﬁzbls BcifiBYinhDiuR 6flpaddite growth (14).

solution, particularly phosphate buffered saline ]
Stpidgly, tsansfactibn lofoan antisensee canstruct/de dhe Pdasmadinm i falginasum clag9

the invenii can.be adm.ni stered, .e.q.

sty Wi had oS3 hOHBC i o UG £ Pitnpdisivnge by teractod gene
disRigtiRRe FshREE M hYL5-fold rédiictioN 9A Qyidadherence cohP&ad @o iuitransfected
enpirically selected to achieve the desired i mune
contrg) atpsités(16he host. By immune response is neant an

acquiyr ngd. enh [ ' j . .

o or &rSEheD S8 RRE Gt GOL AR By B B hE phelBHUE the invention to
diriys aBepicifRX parUfiRctiGnss| RNWY ifterféranceD(RIVAT) using short interfering
sporozoites._In the working exanpl es descri bed bel ow,

Ao piolecules (HRONADdPiPsAuLs PheraiyRe centplignssnigsaes; FRlA1 has been used

j . . | oal. ] _
= BRAR (B Vetlehit Aol ikt SREIER it £ R, including
pRESCRF3bplifh, mosquitBes; kdee) wnd Plddaeb diirh Gseepd.b g BUae dn Plasmodium,

qQrozoites are a_singul gr nodel that achieves .,
Ri&ér E‘P%,beﬁ’f‘of‘ifélt i {08 ?’fﬁﬁﬁljﬁp,t J0 ademenstraley the jegsential role of a PPI

sisteRbisofic AAbieRl pohRuace (TPPY) O 7. ficBeliph 37, RNAI has also
beenruseti [ty inHib Rlifeldarumagrowtls byeaicercasingtthe devielnpfiekpmssion of the

t he sogjal ,ang economn rogr ess devel opi .
578, SR BTA RGP Eone ey Bragdnses 5§n§abya§>chgﬂig the expression of
cﬁgsq t géégé %%)eg 2%3 ed an din?)ﬁ%égﬁlﬁjaatr% q{tiﬁ%e?’s%g%g ? %%11?%% 1884 to inhibit
geagpréssion) in éitdudatienPe berghet (pardsite ds tvheoa@é).s pPlsesarstudies have

qui ckly transported to the |iver where they

extravasate and i nvade hepatocytes (2). Wthin

hepat ocytes, spzs transform 10 into |liver stages (LS)

(al so call ed exo-erythrocytic forns, EEFs). LS

par asites grow, undergo nultrﬁTe rounds of nucl ear

division and finally produce thousands of nerozoite

(17, 18). Merozoites released fromthe liver rapidly

- . .

O
(D
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I mmuni zation of mce with radiation-attenuated rodent
nodel mal aria spzs (gamma-spzs) induces sterile

- i nmuni ty agai nst subsequent infectious spz chall enge,

thus conpletely preventing the initiation of blood
stage infection fromthe liver (5). 20 Inportantly,
based on these findings it was later shown that

SR 5150 o AL LA Y o D A8 i
P?c%ﬁi brahikdsof 14) against infectious spz chall enge

rotection can |last for at | east 10 nonths
( 6) T@argeae siprapticatapproaches desprbed gbave (fqrfeeremptqa @ene targeting by

I|vr of the miel i a host d d
h?ag Rops TEREBRo, SEiSPRRedTRr BN o four S Snccgsstully 10
ﬂlectﬁﬁ&idmﬁﬁmuaacm funes dpan o aﬁismcwgmomd Fok emnple, the
ceI =i nfectious nerozoites. Alt hough the | nocul at

awb@dlty ofisbquenged geromesdian enghied thet gangration of SIRNA A fizaries for use

o o 5O ST g i o

sﬁﬂheﬁ &éveldpientd Gathways tir Zt4pes fseers.gf, r45nada 46). Such screens may be
fal ci parumi nf ect ed nosqui f oes exposed

ugsl Go0theo postice aefs th igventiens i dentily @-ﬁ@a&cr geng functions in

ﬁi?‘%f?’} ] ngss ggjl@d{t] %é)%gugg% @%ﬁ%&fg@g " oegﬁl tC%ine functions include,

b’ﬁﬁﬁz\ﬁeﬁﬂ llitﬁrtéd)fbd q:héﬁ?tgtpli‘.l stiﬂhlaesb biich §2the2Menotfpier wsasysedescnbed in
tetota z dgse for conpl et tectj on .CONEs
owbdo. %Eﬁ@aﬂ’g‘ﬁl}f’tﬂ’ﬁng‘?ﬁ?&saﬁql BAlET Al asslys with vital

n(';f[nrt ! AGhid Y (RRASobR! bF th
r%\gﬁl{bn 02‘% tzégelc | o%reo Icati ]rjtigr&t hat e spz szIﬂ any of
tnamnn; repainéré:af:]ogmmeAksagm m}ftlmrperfmmaﬂ & vive, withicwltnred cells, in

0 aliver sta ces _protection

a0 dpvelprisat asaye oy \elforo REET R PR & reed-out for LS
dg@é@%&tmdel protracted protective imunity may
on sufficient expression of LS antigen (Ag),

bec alhe engimatned Flassodinrm opganisaep in ehich ay L§gs gene fupction has

LS .abortqs?’r qﬁ?’&%ﬁl o mnt@%@%ect %EH]C’I ko andedmthe mosquito
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followi ng two working exanples. EXAMPLE 1 This first
Exanpl e was published by Nature AOP on Decenber 5,
2004 (29). W hypot hesi zed that inactivation of U'S
genes for which expression is restricted 20 to
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the liver stage parasite, wthout affecting the bl ood
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25 test themas a whol e organismvaccine in a
nmouse/ sporozoite chal |l enge nodel. W intravenously
i mmuni zed mce with uis3(-) sporozoites using
different prinme-boost regi nens and subsequently
chal l enged the m ce by intravenous injection of

i nfecti ous WI sporozoites (Table 1). Protection was
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10 limted dilution series and i.v. injection of one
parasite into 15 recipient NVRI mce each was
performed. For RT-PCR analysis we dissected 6 x 105
uis3(-) and 6 x 105 WI salivary gl and sporozoites and
I sol ated pol yA+ RNA using oligo dT-col ums
(I'nvitrogen). For cDNA-synthesis and anplification we
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. Boosts:|st/2nd nunbers (day) Chall enge dose
(timepoint) 10,000 spz. (d.7) # Protected / #
Chnl I enged (pre-patency) 10 / 10 (no infection) 1.
50, 000 25,000 (d.14)/ 25,000 (d.21) 10, 000 10, 000

(d.14)/ 10, 000

growth and normal transmission to the Anopheles mosquito vector (data not shown).
Within the mosquito uis3(-) sporozoites developed normally in midgut oocycts and
infected the salivary glands in numbers comparable to wildtype (WT) sporozoites (data
not shown). Reverse transcriptase (RT)-PCR confirmed lack of UIS3 expression in
uis3(-) sporozoites (data not shown). uis3(-) sporozoites showed typical gliding motility,
a form of substrate-dependant locomotion that is critical for sporozoite transmission and
infectivity (30) (data not shown). They also retained their host cell invasion capacity of
cultured hepatoma cells at levels comparable to WT parasites .(data not shown).

Intracellular uis3(-) sporozoites initiated the typical cellular transformation
process that leads to de-differentiation of the banana-shaped elongated sporozoite to a
spherical liver trophozoite(17, 31) (data not shown). In marked contrast, »is3(-) parasites
showed a severe defect in their ability to complete transformation into liver trophozoites
(data not shown). Only a small fraction of uis3(-) parasites developed into spherical early
liver stages that also appeared consistently smaller than the corresponding WT forms.
Consequently, mutant parasites lacked the capacity to progress to mature liver schizonts
(data not shown). Based on this extreme developmental defect observed in vitro, we next
tested if wis3(-) sporozoites had lost their capacity to progress through liver stage
development and lead to blood stage infections i vive. Indeed, intravenous injection of
up to 100,000 uis3(-) sporozoites failed to induce blood stage parasitemia in young
Sprague/Dawley rats which are highly susceptible to P. berghei sporozoite infections
(data not shown). Control WT sporozoites induced blood stage parasitemia in rats
between 3-4 days after injection.

Thus, the observed phenotypic characteristics of uis3(-) parasites, i.e., their ability
to invade hepatocytes and their defect in complete liver stage development allowed us to
test them as a whole organism vaccine in a mouse/sporozoite challenge model. We
intravenously immunized mice with uis3(-) sporozoites using different prime-boost
regimens and subsequently challenged the mice by intravenous injection of infectious
WT sporozoites (Table 1). Protection was evaluated by blood smear to detect the
development of blood stage parasitemia starting two days after sporozoite challenge, the
most stringent readout for sterile protection against malaria infection. Priming with
50,000 wuis3(-) sporozoites followed by 2 boosts with 25,000 wuis3(-) sporozoites
completely protected all immunized mice against a challenge with 10,000 WT
sporozoites given 7 days after the last boost (Table 1). Complete sterile protection

-10-
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(d.21) 10,000 spz. (d.7) 10/ 10 (no infection) 0/ 9
(d.3) - - 10,000 spz. II. 50,000 25,000 (d.34)/
25,000 (d.45) 10,000 spz. (d.30) 5 /5 (no infection)
10, 000 10,000 (d.34)/ 10,000 (d.45)

against the same sporozoite challenge dose was also achieved with a similar prime-2
boost protocol using 10,000 uis3(-) sporozoites (Table 1). We next immunized mice
using the same prime-boost protocols but challenged with WT sporozoites 4 weeks after
the last boost, None of the challenged mice developed blood stage infections and thus
enjoyed protracte& sterile protection (Table 1). Protracted protection was confirmed by a
re-challenge experiment where protected animals were challenged again with a high
inoculum of 50,000 infectious sporozoites after two months, All animals remained
completely protected. Mice immunized with u#is3(~) sporozoites were also completely
protected against re-challenge by infectious mosquito bite (Table 1). To determine the
level of protection with a reduced immunization dose we tested a prime-single boost
protocol with 10,000 wis3(-) sporozoites. Seven out of ten animals enjoyed complete
protection, while the remaining three animals became patent after a long delay in patency.
Next, a subset of immunized mice was challenged by direct inoculation with blood stage
parasites. All animals developed blood stage parasitemia two days after challenge,
indicating that the observed protective immunity is not acting against blood stages and
thus was specific against pre-erythrocytic stages. Finally, to evaluate a more vaccine-
relevant delivery route we immunized mice subcutaneously using a prime-2 boost
protocol with 50,000 uis3(-) and 25,000 uis3(-) sporozoites, respectively. All mice were
completely protected against subsequent intravenous WT sporozoite challenge.

Our results show that it is possible to develop genetically modified malaria
parasites that are completely attenuated at the liver stage, which normally establishes
infection of the mammalian host after mosquito transmission. This attenuation was
achieved by deletion of a single parasite gene, UIS3. Although UIS3 function remains
unknown, uis3(-) parasites clearly lacked the ability to compensate for its loss. The
protracted sterile protection against malaria that we observed after immunization with
uis3(-) sporozoites in the mouse/sporozoite challenge model provides proof of principle
that a genetically modified malaria vaccine is feasible. We identified a UIS3 orthologue
(accession number PF13_0012) in the genome of the most lethal human malaria parasite
P, falciparum. This will allow us to create a genetically attenuated uis3(-) human parasite
that can be tested as a vaccine in human/sporozoite challenge models. Together our
findings lead the way to the development of a genetically attenuated, protective whole

organism malarja vaccine that prevents natural infection by mosquito bite.
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10,000 spz. (d.30) 5/ 5 (no infection) - - 10,000
spz. 0/ 6 (d.4.5) M 50,000 50,000 (d.14)/ 10,000
(d.21) 10 inf. nosq. (d.38) 5/ 5 (no infection)

10, 000 10,000 (d.14)/ 10,000 (d.21) 10 inf. nopsq.
(d.38) 5 /5 (no infection)

Methods: Plasmodium berghei transfection. For replacement of PbUIS3 two
fragments were amplified using primers: UIS3replior
(5' GGGTACCCGCATTAGCATAACATCTCATTGG 3% (SEQ ID NO: 1) and
UlS3rep2rev (5" CAAGCTTGCTTTCATATATTTGTTATTTGTC 37) (SEQ ID NO: 2)
for the 800 bp 3 fragment; and: UIS3rep3for
(5' GGAATTCCCATATGTTTGTGTAACATC 3" (SEQ ID NO: 3) and UlS3repdrev
(5' CTCTAGAGTGTGCTTAAATGTTITCTTTAAAC 3" (SEQ ID NO: 4) for the 760 bp
5' fragment using P. berghei genomic DNA as template. Cloning into the P. berghei
targeting vector (13) resulted in plasmid pAKM19. To obtain clonal parasite populations,
limited dilution series and i.v. injection of one parasite into 15 recipient NMRI mice each
was performed, For RT-PCR analysis we dissected 6 x 105 uis3(-) and 6x 105 WT
salivary gland sporozoites and isolated polyA* RNA using oligo dT-columns
(Invitrogen). For cDNA-synthesis and amplification we performed a two step-PCR using
random decamer primers (Ambion) and subsequent standard PCR reactions.

Phenotypical analysis of #is3(-) parasites. Anopheles stephensi mosquito rearing
and maintenance were under a 14 h light/10 h dark cycle, 75% humidity and at 28°C or
20°C, respectively. For each experiment, mosquitoes were allowed to blood-feed for
15 min. on anaesthetized NMRI-mice that had been infected with wild-type P. berghei
NK65 or the uis3(-) clone and were assayed for a high proportion of differentiated
gametocytes and microgametocyte-stage parasites capable of exflagellation. Mosquitoes
were dissected at days 10, 14, and 17 to determine infectivity, midgut sporozoite and
salivary gland sporozoite numbers, respectively. For analysis of sporozoite muotility,
sporozoites were deposited onto precoated (3% BSA/RPMI 1640) glass coverslips, fixed
for 10 min at RT with 4% paraformaldehyde, and incubated using primary antibody
against P. berghei circumsporozoite protein (anti-PbCSP) (32). To detect liver stages in
hepatocytes, 10° Huh7 cells were seeded in eight chamber slides and grown to
semiconfluency. P. berghei sporozoites were added, incubated 90 min. at 37°C, and
washed off. After 8, 12, 15, 24, 36 and 48 h, LS were revealed using primary antibodies
against the P. berghei heat shock protein 70 (HSP70) (33). To analyze sporozoite
invasion a double staining protocol with anti-CSP antibody was used (34). To determine
the infectivity of clonal sporozoite populations in vive young Sprague-Dawley rats were

injected intravenously with 100 microliter sporozoite suspension in RPMI 1640.
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- - 10 inf. npsq. O/ 5 (d.3) IV 10,000 10, 000
(d.14)/- 10,000 spz. (d.7) 7/ 10 (d.8) - - 10,000
spz. 0/ 5 (d3) V. 50,000 25,000 (d.214)/ 25,000 (d.21)
10, 000 bl ood st (d.30)

Parasitemia of the animals was checked daily by Giemsa-stained blood smears. The
appearance of a single erythrocytic stage represents the first day of patency.

Immunization and parasite challenge experiments. For all experiments female
C57BL/6 mice (Charles River Laboratories) at the age of 50 to 80 days were used. For
immunization, #is3(-) sporozoites were extracted from salivary glands from infected
mosquitoes. Typically, a single infected mosquito contained 20,000 uis3(-) sporozoites.
Sporozoites were injected in a volume of 100 microliters intravenously into the tail vein
or subcutanously into the neck of animals. Animals were immunized with a single dose
of 1 or 5 x 104 uis3(-) sporozoites, followed by two boosts of either 1 or 2.5 x 104 uis3(-)
sporozoites administered i.v. or s.c. The first boost was given 14 days following the
immunization, with a second boost following 7 days thereafter, or at time intervals
indicated. One set of animals was immunized followed by a single boost with 1 x 104
uis3(-) sporozoites each. The animals were then monitored for the parasitemia by daily
blood smears. All animals remained blood stage parasite-negative after the first
immunization and subsequent boosts. Animals were challenged 7 days up to 1 month
after receiving the last boost of wis3(-) sporozoites by infravenous or subcutanous
injection of either 5 x 104 or 1 x 104 infectious P. berghei WT sporozoites. For each set
of experiments, at least three naive animals of the same age group were included to verify
infectivity of the sporozoite challenge dose. In each naive animal, parasitemia was
readily detectable at days three to five after injection by Giemsa-stained blood smears.
Protected animals were monitored for at least 14 days and typically up to 1 month. A re-
challenge study was performed for one immunization experiment two months after the
first challenge with a single dose of 5 x 104 infective P. berghei WT sporozoites. To test
whether wis3(-) immunized mice were protected against re-challenge by natural
transmission 10 protected and 5 naive control mice were exposed for 10 min to 10 highly
infected mosquitoes that contained an average of 40,000 WT salivary gland sporozoites
each. Successful blood-feeding was confirmed by mosquito dissection after the challenge
experiment. To confirm stage-specificity of protection, an additional experiment was
petformed with 10 mice that were fully protected against a challenge with infective
sporozoites. All immunized mice and three naive control mice were challenged by
intravenous injection of 5 x 104 P. berghei WT blood stage parasites. All mice were fully
susceptible to blood stage inoculations with no differences in patency.
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10, 000 bl ood st.
0/ 3 (d.2) W.
25,000 (d.18) s.c.

st.

i nfection)

50, 000 s.c.
10, 000 spz.

10, 000 10, 000 (d.14)/ 10,000 (d.21)
(d.30) 0/ 5 (d.2)

10, 000 bl ood
25,000 (d.11) s.c./
(d.23) 5/5 (no

Results: Table 1 below shows that C57Bl/6 mice immunized with P. berghei
uis3(-) sporozoites are completely protected against a challenge with WT P. berghei

sporozoites.
TABLE 1.
# Protecied /
Immunization Boosts:1st/2nd Challenge dose # Challenged
Exp. | #s uis3(-) spz. numbers {day) (timepoint) (pre-patency)
50,000 25,000 (d.14)/ 25,000 10,000 spz. (d.7) 10/10
(d.21) (no infection)
L. 10,000 10,000 (d.14)/ 10,000 10,000 spz. (d.7) 10/10
(d.21) (no infection)
— —— 10,000 spz. 0/9(d.3)
50,000 25,000 (d.34)/ 25,000 | 10,000 spz. (d.30) |5/5(no infection)
(d.45)
iL 10,000 10,000 (d.34) 10,000 { 10,000 spz. (d.30) 5/ 5 (no infection)
(d.45)
— — 10,000 spz. 0/6(d.4.5)
50,000 50,000 (d.14)/ 10,000 | 10 inf. mosq. (d.38) | 5/5 (mo infection)
(d.21)
THI. 10,000 10,000 (d.14)/ 10,000 | 10 inf. mosq. (d.38) | 5/5 (no infection)
(d.21)
— — 10 inf. mosq. 0/5(d.3)
v 10,000 10,000 (d.14)/— 10,000 spz. (d.7) 7710 (d.8)
—_ — 10,000 spz. 0/5(d.3)
50,000 25,000 (d.14)/ 25,000 10,000 blood st. 0/5(d.2)
' (d.21) (d.30)
V. 10,000 10,000 (d.14)/ 10,000 10,000 blood st. 0/5(d.2)
(d.21) (d.30)
— _— 10,000 blood st. 0/3(d.2)
50,000 s.c. 25,000 (d.11) s.c./ 10,000 spz. (d.23) | 5/5 (no infection)
25,000 (d.18) s.c.
VVL 50,000 s.c. 25,000 (d.11) s.c./ 50,000 spz. (d.23) | 5/5 (no infection)
25,000 (d.18) s.c.
—_— 10,000 spz. 0/6 (d.4.5)

Notes: Mice were immunized with P. berghei uis3(-) sporozoifes. Mice were

challenged with infectious P. berghei WT sporozoites or blood stages. Mice were from

the same age group (50-80 days old) and sporozoites were from the same mosquito batch.

Timepoints in column 4 indicate the day of challenge after the final boost. The pre-patent

period is defined as the time until the first appearance of a single erythrocytic stage in

Giemsa-stained blood smears. Five mice of the Exp. L group were re-challenged with
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50,000 s.c. 25,000 (d.11) s.c./ 25,000 (d.18) s.c.

50,000 spz. (d.23) 5/ 5 (no infection) - 10,000

spz. 0/ 6 (d.4.5) Notes: Mce were imunized with P.
berghei uis3(-) sporozo'tes. Mce were challenged with

i nfectious P. berghei WI sporozoites or bl ood stages.

Mce were fromthe sane age group (50-80 days old) and
sporozoites were fromthe sane nosquito batch. .
gnardpss nf $0;000 CHITU aporazaites 2 manthshaftetatheofirst gballeagg@nd remained
after the final boost. The pre-patent 10 period is

prefacirdd as the tinme until the first appearance of a

single erythrocytic stage in G enga-stained bl ood

snears. Five nice of the ERFAMPLEZoup were

O At ok 518 o B e o complet
ﬁ\rf&tsg:gte%irel%gﬁk EUJ?S'AI (upregulated in infective sporozoites gene 4) is éxpressed
exclusively in infective sporozoites and developing liver stages. Targeted gene disruption
of UIS4 in the rodent model malaria parasite Plasmodium berghei generated knockout
parasites that complete the malaria life cycle until after hepatocyte invasion. UIS4
knockout parasites transform into early liver stages. However, they are severely impaired
in further liver stage development and can only initiate blood stage infections when
inoculated at high sporozoite doses. Immunization with UIS4 knockout sporozoites
completely protects mice against subsequent infectious wildtype sporozoite challenge.
After sporozoite invasion of hepatocytes, UIS4 localizes to the newly formed
parasitophorous vacuole membrane that constitutes the parasite-host cell interface and
extends as a tubo-vesicular network into the hepatocyte cytoplasm. Together our data
demonstrate that depletion of UIS4 results in attenuated liver stage parasites. Genetically
attenuated liver stages may induce immune responses, which inhibit subsequent infection
of the liver with wildtype parasites.

Generation of uis4(-) parasites. Given that UIS4 is expressed in sporozoites but
not in blood stages, we were able to pursue a targeted gene disruption at the blood stages
to study the importance of UIS4 for the Plasmodium pre-ery’throcytic life cycle stages.
The endogenous PbUISY gene was disrupted using the above-described insertion and
replacement strategies (data not shown). The parental blood stage population from the
successful transfection was used for selection of clonal parasite lines carrying the gene
disruption. We obtained insertion/disruption clones designated uis4(-) and replacement
clones designated uis4REP(-) that contained exclusively the predicted mutant locus, The
correct replacement event was confirmed by insertion-specific PCR (data not shown). To

confirm PHUISY deficiency of the mutant parasites we performed RT-PCR and cDNA
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20 (5" AAAACTGCAGATAATTCATTATGAGTAGTGTAATTCAG 3') (SEQ
I D NGO 13) and Ul S4repdrev (5
CCCCAAGCTTAAGTTTGCATATACGGCTGCTTCC 3') (SEQ I D NO 14)
for the 600 bp fragnent using P. berghei genom c DNA
as tenplate. Cloning into the hDHFR targeting vector
(34) resulted in plasm d pAKML7. To detect Ul84
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20 sporozoites and subsequently chall enged the m ce,
whi ch renai ned bl ood stage negative after
i mruni zation, with 50,000 infectious WI sporozoites
(Tabl e 2). None of the inmmunized m ce devel oped bl ood
stage infections after challenge and therefore enjoyed
conplete, sterile protection. Naive mce that were
chal l enged with 50,000 WI sporozoites devel oped bl ood
dedeadd 000D @e SDMHOE 13 4REFE-)aporzoitespfnilomteddry. twasbtmistsef 2ither 10,000
C57B116 m ce i nmuni zed w th ui S4REP( sporozoites are
ot 8PP0 it ARFH(Ot spotemuites ailmitsteaed: hu |ﬁg;§rmhq¢stmas glven 14 days
sporozoites. TABLE 2. |nmunization (ui S4REP(-) spz.
f & the) impmuaization, withra secosd kaest following: Kt dayy thﬁreaﬁer The

ai‘é%'lé el Cgoponitpred Lok araRicgRs by Py HARS HB4ES-0Oplssthose animals
?gmalzled blood stage parasite-negative after the first immunization and subsequent
boosts were exposed to a challenge with WT sporozoites. Animals were challenged 10
days after receiving the last boost of uis4REP(-) sporozoites by intravenous injection. All
challenges consisted of 50,000 infective P. berghei WT sporozoites. For both sets of
experiments, 5 naive animals were included to verify infectivity of the sporozoite
challenge dose. In each naive animal, parasitemia was readily detectable at day 3 after
injection. Starting from day 3 after WT challenge, the uis4REP(-) sporozoite-immunized
animals were examined for detectable parasitemia in Giemsa-stained blood smears.
Animals did not show a detectable parasitemia within 50 days following the challenge
and were considered completely protected. |
Results are shown in Table 2 below. Immunization with uis4REP(-) sporozoites
confers sterile protection. The fact that a large proportion of mice remained blood stage
negative after inoculation with uis4#REP(-) sporozoites allowed us to test if immunization
with these attenuated sporozoites would protect mice against WT sporozoite challenge.
Therefore, we immunized CS?/blG mice with 3 doses of 50,000 or 10,000 uis4REP(-)
sporozoites and subsequently challenged the mice, which remained blood stage negative
after immunization, with 50,000 infectious WT sporozoites (Table 2). None of the
immunized mice developed blood stage infections after challenge and therefore enjoyed
complete, sterile protection. Naive mice that were challenged with 50,000 WT
sporozoites developed blood stage infections 3 days after inoculation.
Table 2. C57Bl/6 mice immunized with uis4REP(-) sporozoites are completely

protected against a challenge with WT sporozoites.
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10, 000 1st (14 / 10,000), 2nd (28 / 10,000) 8 / 8 (no
infection)l none none 0/ 5 (day 3)2 Not es:

I'I muni zed m ce were chall enged with 50,000 WI' P.
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8eneti cally attenuagted Pl asnodi um parasjtes as |ive
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t he codi ng sequence of P. falciparumUl53 is PF13 0012
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1.forward 5' - GAGTAATATAATGTGTAATGCCATATGG 3. (
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EXAMPLE 3
This third example describes a representative protocol for making a UIS3-like

knockout in P. falciparum.
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15 5' - CAAATGAAAACTTGGAAATAATCAGACGAG 3' (SEQ ID

NGO 17) and reverse 5' -

GTATTATGCTTAAATTGGAAAAAAGTTTGAAG 3" (SEQ I D NO 18).

The sizes of the repl and rep2 fragnents anplified are

986 and 1051 base pairs, respectively. The PCR

conditions are: one cycle of 94C for 3 mn, followed

by thirt CP/C| es of 94C for 30 sec, 54.5C for 1 mn,

and 6BE J%/-a‘a ciparim. UISG peve Bamgoteddur disruption biygeplaeementvia a well-
cloned into the pHTK (47) vector. Repl was _cl oned

kngwg deuble-rrospoyer geeqmbipgion stiafgesadThe{dS3elogus s geplaced by a

Sntah honeina oS mherdeied rednes o SRyBr fHlehirin UIS3 open
RS 0, Slon’ HERAE e ity o6 SeRhhdh i selectabie
RS Weahdftc OB fof b Y TRiRGit UIRF ool WHHE Wil fom the
FUBRITI BRloR0 ol lasmaodh B’ T e RARLAGR mlfer o the coding

sEquehdé 6F PRRHPLFRE (53 PP13 Dok 7o) 4 98&ation of the exon within
accessi on nunber NP_700638, "PF10_°0164), or for making

chrdoisolRUI3 Rf 123980 42461 s tHetMRtus BtrasdlOUhe P, falciparum UIS3 repl

organi sns. Genom c information, including genomc

fegmeateasndsHToM nualkotidat 124669-1255 % ahd theprepl iftdgimns from 122872-

SAGE tags, mcroarray data, mapping data, and open

12892li.ng frames, for many Pl asnodi um or gani sns,

i ncludi ng, for exanple, P. falciparurn, P. vivax, P.

knowPdE1S3 rep Jowdi 2 frapmeptscaye aiplified fran o efdsipgruandD7 genomic

P. gallinaceum is readily available in 5 public
pelymseasgiqandy pgmers: PfUIS3 repl forward

apb¥Bg ihg i
SoPATEART AN BRI RRALECATRAGRH o B0, 09 Ok e roverse
SEORACCTTEALLTCARAASERATAGE S Bp NEFI QR BIEY rep2 forvara
AT SLRLERTR AT R AC G, (SRR NG and roverse
A AT P A AT O A BB BT DR, The szes

8 B85 P b rdpQ U Deve ' %84905 'bﬁ&‘b,d?m'r tively. Th
°par cftelgi t oL fg: 1 eﬂ%al% %%%‘?ﬁemg 3.0 ghort , SIEPeR oY e
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<110> Seattle Bionedi cal Research Institute <120>

LI VE GENETI CALLY ATTENUATED MALARI A VACCI NE <130>

SBRI - 1- 24055 <150> US 60/ 631, 228 <151> 2004- 11- 26

<150> US 60/531, 749 <151> 2003-12-19 <160> 18 <170>

Patentln version 3.2 <210> 1 <211> 31 <212> DNA <213>

Pl asnodi um ber ghei <400> 1 gggtacccgc attagcataa

catctcattg g31 <210> 2 <211> 31 <212> DNA <213> . .
Pl asnbldi unKbmey let ial. <degacterizatiay candgexpression: of atRPI serine/threonine
; %e}natﬁﬁogéha%gs% (PfPP1) from the malaria parasite, Plasmodium falciparum:
demonstration of its essential role using RNA interference. Malar. J. 1(1):5 (2002).

42.  McRobert & McConkey. RNA interference (RNAi) inhibits growth of
Plasmodium falciparum. Mol. Biochem. Parasitol. 119(2):273-8 (2002).

43.  Malotra et al. Double-stranded RNA-mediated gene silencing of cysteine
proteases (falcipain-1 and -2) of Plasmodium falciparum. Mol. Microbiol. 45(5):1245-54
(2002).

44. Mobmmed et al. In vivo silencing in Plasmodium berghei - a mouse
malaria model. Biochem. Biophys. Res. Commun. 309(3):506-11 (2003).

45.  Boutros et al. Genome-wide RNAi analysis of growth and viability in
Drosophila cells. Science 303:832-5 (2004).

46. Kamath et al. Systematic functional analysis of the C. elegans genome
using RNAi. Nature 421:231-7 (2003).

47. Duraising et al. Negative selection of Plasmodium falciparum reveals
targeted gene deletion by double crossover recombination. Int. J. Parasitol. 32(1):81-9

(2002).
While the preferred embodiment of the invention has been illustrated and

described, it will be appreciated that various changes can be made therein without

departing from the spirit and scope of the invention.

-25-



<210> 3 <211> 27 <212> DNA <213> Pl asnodi um ber ghe
<400> 3 ggaattccca tatgtttgtg taacatc27 <210> 4 <211>
31 <212> DNA <213> Pl asnodi um ber ghei <400> 4
ctctagagtg tgcttaaatg tttctttaaa ¢c31 <210> 5 <211> 31
<212> DNA <213> Pl asnodi um berghei <400> 5 cggaatt cat
(ﬁﬂ&ﬁﬁSaCta attttcgggg g31 <210> 6 <211> 36

1. A live Plasmodium organism that is genetically engineered to disrupt a gene
whose expression is up-regulated in infective salivary gland sporozoites and whose

function is not required for entry into host hepatocytes.
2. A live Plasmodium organism that is genetically engineered to disrupt a gene

whose expression is up-regulated in liver-stage parasites and whose function is not

required for entry into host hepatocytes.
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<212> DNA <213> Pl asnodi um berghei <400> 6 tccccgcggt
tattccatgt tataaacgtt atttcc36 <210> 7 <211> 23 <212>

DNA <213> Pl asnodi um ber ghei <400> 7 cccgcacgga
cgaat ccaga tgg23 <210> 8 <211> 32 <212> DNA <213>
Pl asnodi um ber ghei <400> 8 cccaagctta gtttgcat at
acggctgctt cc32 <2EQumdre<Ridmngl <212> DNA <213>
Pl asmodi um ber ghei T

<110>
<120>
<130>

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>

<213>

<400>

Seattle Biomedical Research Institute
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Us 60/631,228
2004-11-26
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PatentIn version 3.2
1

31

DA

Plasmodium berghei

1

gggtacccge attagcataa catctecattg g

<210>
<211>
<212>
<213>

<400>

2

31

DNA

Plasmodium berghei

2

caagctiget ttcatatatt tgttatttgt o

<210>
<211>
<212>
<213>

<400>

3

27

DNA

Plasmodium berghei

3

ggaattecca tatgtttgtg taacatc

<210>
<211>
<212>
<213>

<400>

4

31

DN2&,

Plasmodium berghei

4

ctctagagtg tgcttaaatg tttetttaaa c

<210>
<211>
<212>
<213>

<400>

5

31

DNA

Plasmodium berghei

5

cggaattcat catattacta attttegagg g
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31

27

31
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<400> 9 cggaattctg gattcatttt ttgatgcatg c31 <210> 10
<211> 21 <212> DNA <213> Pl asnodi um ber ghei <400> 10
gt aatacgac tcactatagg c21 <210> 11 <211> 29 <212> DNA
<213> Pl asnodi um ber ghei <400> 11 gaattctgga
ttcatttttt gatgcatgc29 <210> 12 <211> 34 <212> DNA
<213> Pl asnodi um berghei  <400> 12 ggggt acctt
tattcagacg taataattat gtgc34 <210> 13 <211> 38 <212>
<210>DNA <213> Pl asnodi um ber ghei <400> 13 aaaact gcag

<211>%t 3@t tcatt atgagtagtg taattcag38
<212> DNA gagtagty g

<213> Plasmodium berghei

<400> 6
tececegeggt tattccatgt tataaacgtt atttece

<210> 7

<211> 23

<212> DNA .
<213> Plasmodium berghei

<400> 7
cccgcacgga cgaatcecaga tgg

<210> 8

<211> 32

<212> DNA

<213> Plasmodium berghei

<400> 8
cccaagcetta gtttgeatat acggetgett ce

<210> 9

<211> 31

<212> DNA

<213> Plasmodium berghei

<400> 9
cggaattctg gattcatttt ttgatgcatg c

<210> 10

<211> 21

<212> DNA

<213> Plasmedium berghel

<400> 10
gtaatacgac tcactatagg c

<210> 1%

<211> 29

<212> DNA

<213> FPlasmodium berghei

<400> 11
gaattctgga ttcatttttt gatgoatge

<210> 12

<211> 34

<212> DNA

<213> Plasmodium berghei
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<210> 14 <211> 34 <212> DNA <213> Pl asnodi um
fal ci parum <400> 14 ccccaagctt aagtttgcat atacggctgc
ttcc34 <210> 15 <211> 27 <212> DNA <213> Pl asnodi um
fal ci parum <400> 15 gagt aatata atgtgtaatg catatgg27
<210> 16 <211> 24 <212> DNA <213> Pl asnodi um
<400X aflgi par um <400> 16 gagaccttca tttcaaaaag gaag24
g999tepets tpktegpry BRrtagiimt B <213> Pl asnodi um
fal ci parum <400> 17 caaat gaaaa cttggaaata at.cagacgag30

<p1055219> 18 <211> 32 <212> DNA <213> Pl asnodi um
<2113 a%gi parum <400> 18 gtattatgct taaattggaa aaaagtttga

<212208¢a
<213> Plasmodium berghei

<400> 13
aazactgcag ataattcatt atgagtagtg taattcag

<210> 14

<211> 34

<212> DNA

<213> Plasmodium falciparum

<400> 14
cccecaagett aagtttgecat atacggetge ttce

<210> 15

<211i> 27

<212> DNA

<213> Plasmodiuvm falciparum

<400> 15
gagtaatata atgtgtaatg catatgg

<210> 16

<211> 24

<212> DNA

<213> Plasmodium faleciparum

<400> 16
gagaccttca tttcaaaaag gaag

<210> 17

<21i1> 30

<212> DNA

<213> Plasmodium falciparum

<400> 17
caaatgaaaa cttggaaata atcagacgag

<210> 18

<21il1> 32

<212> DNA

<213> Plasmodium falciparum

<400> 18
gtattatgct taasattggaa aaaagtttga ag
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