WO 2004/ 055187 PCT/ EP2003/ 051019 1 TITLE Reconbi nant viral-based nmalaria
vaccines FIELD OF THE INVENTION 5 The invention relates to the field of
medicine. More in particular, the invention relates to the use of a
reconbi nant | woproodesssd viral vector as a carrier of an ap¢t/gRH051019
determ nant selected froma group of malaria pathogens for the devel opnent
of a vaccine against 10 nmalaria infections. BACKGROUND OF THE | NVENTI ON

Mal aria currently represents one of the nost prevalent infections in

tropi cal and subtropical areas 15 throughout the world. Per year, malaria

infections lead to severe illnesses in hundreds of mllion individuals
wor|l dwi de, while it kills 1 to 3 mllion people in devel oping and energing
countries every year. The w despygad occurrence and el evated incidence of
mal aria 20 are a consequence of i ncreasi ng nunbers of drug- resistant

parasites and i nseBfGoRPHRAnE cErat-AatehAP it 2CHePors. Other factors include
environnental and climatic changes, civil disturbances and increased

nmobi ity of popul ations. M ARF &k SINGRMSERE DYy the nosquito-borne 25

hemat opr Qt ozoan_par asi t es "beJ ongi.ng_ 1o enus, Pl asnodi um Four species
of Plas rrgdi um p?}get 526 lc(“P.r'FJaﬁ S?ptgrmﬁ f{fﬁgi %%i??élls.lﬁ?/'a%reand P.nal ari ae) are
responsi bl eif eperiicelati, stes énvearthem relminy tot ther ysecafise  di sease in ani mal s,
such as P.ye&oibirafeh Ppb&fugb@ivitdl 36ctdk G a Rakal&i paraam accounts for the
maj ority of ant!ingneicct éie %%m:?ggl issell;:c %dr@r%}n a! et cbual mt.' )é-lp?ax(_{'at ropi cal mal aria”).
Mal ari a para5|?es havVe & 15 & cycle consi £ r?g ol several stages. Each one
of these stBY&8Is £y &hq develoaned ehacyaacéns Amitetr esponses directed

agai nst 1hemd@r2004£&5%d:8:. PCTI EP2003/ 051019 2 correspondi ng occurring

stage-specific antigens. Malaria parasites are transmtted to nan by
several species of

BACKGROUND OF THE INVENTION

Malaria currently represents one of the most
prevalent infections in tropical and subtropical areas
15 throughout the world. Per year, malaria infections lead
to severe illnesses in hundreds of million individuals
worldwide, while it kills 1 to 3 million people in
developing and emerging countries every year. The
widespread occurrence and elevated incidence of malaria
20 are a consequence of the increasing numbers of drug-
resistant parasites and insecticide-resistant parasite
vectors. Other factors include environmental and climatic
changes, civil disturbances and increased mobility of
populations. Malaria is caused by the mosquito-borne
25 hematoprotozoan parasites belonging to the genus
Plasmodium. Four species of Plasmodium protozoa
(P.falciparum, P.vivax, P.ovale and P.malariae) are
responsible for the disease in man; many others cause
disease in animals, such as P.yoelii and P.berghei in
30 nmice. P.falciparum accounts for the majority of
infections and is the most lethal type ("tropical
malaria"). Malaria parasites have a life cycle consisting
of several stages. Each one of these stages 1s able to

induce specific immune responses directed against the



femal e Anophel es nosquitoes. Infected nosquitoes inject the 'sporozoite
formof the malaria parasite into the 5 mammal i an bl oodstream Sporozoites
remain for few mnutes in the circulation before invading hepatocytes. At
this stagewdheopassagi te is located in the extra-cel |l ul aPCTERNO08/6510Nt and
is exposed to anti body attack, mainly directed to the 'circunsporozoite
(CS) protein, a major 10 conponént of the sporozoite surface. Once in the
liver, the parasites replicate and develop into so-called 'schizonts
These schizonts occur in a ratio of up to 20,000 per infected cell. During
this intra-cellular stage of the parasite, main players of the host inmune
15 response are T- Iynphocytes especially CD8+ T-1ynphocytes (Ronero et al.

1998). ATt er AlQULAONP MBEKQL skidClociBlLGLI QRN ! otisands of so-call ed

'merozoites’ are tream and enter red bl ood cells,
beconi ng t aPYEf ted‘f AT EF AV E RS dF R R DY nsAYRER T 8R§3REfand 20 T-cel | secreted
cyt oki nes. Adrade Anpplasdiengnesnyitorachisted mhequieqamd)nie&t under go several

stages of repl hsﬁéaogat@ndforﬁr@mﬂ@&nmar@aq>a§951q:@| Lﬁ@l tlef OPhozoi tes’ and into
schi zont% and \%Fr 0z nfect .newr J[né]g cells. This stage
A

i s associ’at 83 W tH g eﬁfﬁrel *hi af°zf?5)|°e(f| £9548 o ewn‘n“ nmount of
t rophozoi t esn ity cvrerlasipmbgloreginvetbngyhepatocykad cAti thishe parasite's sexual

st age. WenstﬁésﬂﬁpbiﬁsetmsmﬂchwlﬁHﬁ@&fxtﬁi—}é%hﬁﬂﬁyt es, ganetocytes are

rel eased from.he eryt " esulting i veral. nmale ganetocytes and
one femal e envn nmen% "’mra“ﬂgsc)%gégfeer‘iQ F?tzig clﬂlonpt gérélygarret es leads to zygote
formation °§‘Eﬂ)§@q@€nt°”trr°’a‘i‘?§?6‘?%'ﬁ orﬁcﬁ)nP%Ptébfk'l ASPIST then into oocysts,

and fi nalol y conplonerabf \the yspplrarid te parotel tamse ihatigetiivey,ant i bodi es agai nst

gamet ocyt e s} age;. SPECibhficaty faﬁ&%e@@i[obgﬁﬂ% goa@aﬁegck this cycle within the
WO 2004/ 055187 PCT/ EP2003/ 051019 nosquito md t?rﬁ? Such anti bodies will

not protect tHeEZHEMEFEh sﬁB’sztmt%ch% f“'l1 & BT #P 9 a transmi ssi on by
decreasi ng eRhdd0ArHreinfgbtédtekbl-eBuning Fhis detraacellvlerr parasite | oad.

stage of the parasite, main players of the host immune

15 response are T-lymphocytes, especially CD8+ T-lymphocytes
(Romero et al. 1998). After about one week of liver
infection, thousands of so-called ‘merozoites’ are
released into the bloodstream and enter red blood cells,
becoming targets of antibody-mediated immune response and

20 T-cell secreted cytokines. After invading erythrocytes,
the merozoites undergo several stages of replication and
transform into so—~called ‘trophozoites’ and into
schizonts and merozoites, which can infect new red blood
cells. This stage is associated with overt clinical

25 disease. A limited amount of trophozoites may evolve into
‘gametocytes’, which is the parasite’s sexual stage. When
susceptible mosquitoes ingest erythrocytes, gametocytes
are released from the erythrocytes, resulting in several
male gametocytes and one female gametocyte. The

30 fertilization of these gametes leads to zygote formation
and subsequent transformation into ookinetes, then into
oocysts, and finally into salivary gland sporozoites.

Targeting antibodies against gametocyte stage-

specific surface antigens can block this cycle within the



5 Current approaches to nalaria vacci ne devel opnent can be classified
according to the different stages in which the parasite can exist, as
descri bed above. Three types of possible vaccines can be distinguished: -

Pre- eryt hr ocybi604¥366+ N€s, which are directed 10 agai nst Pi"]q% i and/ or
schizont-infected cells. These types of vaccines are nost y%@@gg)z%l and

should ideally confer sterile imunity, nmediated by hunoral and cell ul ar

i mmune response, preventing nalaria infection. 15 - Asexual blood stage
vacci nes, which are designed to mnimze clinical severity. These vaccines
should reduce norbidity and nortglity and are neant to prevent the
parasite fromentering and/ or developing in the erythrocytes. 20 -

Transm ssi on- bl ocki ng vacci nes, which are designed to hanper the parasite
devel opment™ MRS FoTYui PP ATSROLHAS B3R BFPtGEt &Pfie shoul d favor the
reducti on otampalidah dtosbn btk o€ latednea maldrdg tiromsmipgta@sby 25 Next to these

vacci nes, t{e-{Ras: bhtiddp&f ordaMelQRi ABIBIAL iAqcVaRkgines that target
multiple sta es;, .0 %he parasite life cycle is being pursued in so-called
nul ti - conpotfent andfof multi-stage vaccines. Currently no 30 commercially
avai | abl 8 vaccierenfapPRICagheisake Faiarig\acrHigl €evearriestigh t he devel opnent of
vacci nes ag&innsd cldeslifidddab@tdbld eade h8epedent tdtab@d inore than 30 years

ci nes agai : . 30
"2 at on- o pehoae de-RBRCLE: oBOY, MBI Meeda7 peri EP2003/ 051010

4 prot ect i oFYPEY A nRISsIDIeyBRGIRNC2R P8l HShdrowhFred: sporozoites (Nussenzweig
et al. 1967; CardeeBthidcyti® #3}cinekfowarvar ard Berdcaék of a feasible

|arge-sqale culluie. sysbemdaradde. REAdURL i gR.alasRatgzoi tes prevents the S
wi despread application of such vaccines. To date the nost prom sing vaccine
candi dat es test“@ﬁse types of vaccines are mostly CS-based and

should ideally confer sterile immunity, mediated by

humoral and cellular immune response, preventing

malaria infection.

15 - Asexual blood stage vaccines, which are designed to
minimize clinical severity. These vaccines should
reduce morbidity and mortality and are meant to
prevent the parasite from entering and/or developing
in the erythrocytes.

20 - Transmission-blocking vaccines, which are designed
to hamper the parasite development in the mosquito
host. This type of vaccine should favor the
reduction of population-wide malaria infection
rates.

25
Next to these vaccines, the feasibility of

developing malaria vaccines that target multiple stages
of the parasite life cycle is being pursued in so-called
multi-component and/or multi-stage vaccines. Currently no

30 commercially avallable vaccine against malaria is

available, although the development of vaccines against
malaria has already been initiated more than 30 years
ago: immunization of rodents, non-human primates and

humans with radiation-~attenuated sporozoites conferred



i n humans have been based on a small nunber of sporozoite surface antigens.
The CS protein is the only P.falciparum antigen denonstrated to
consistently prevent nalaria when 10 used as the basis of active

i mruni zat i onwiorzobwnssess agai nst nosqui t o- borne i nfection, etberdoddsiad | evel s
that is often insufficient. Theoretical analysis has indicated that the
vacci ne coverage as well as the vaccine efficiency should be above 85% or
ot herwi se 15 nutants that are nore virulent may escape (Gandon et al.

2001). One way of inducing an inmune response in a manmal s by

adm nistering an infectious carrier, which harbors the antigenic
determnant in its genone. One such carrier 20 is a reconbi nant adenovirus,

which has bgen.tapligaiian: deteglhy enichgimyal of regions within the
genone that  are nornmally essential fo cation, such as the El region.

) r_repli
Exanpl es of SRERHHHPhANTS 353810 Fudds 1oA4t CP‘E?SnT)tr Pse 9éfles encodi ng anti gens
are known i Bovehex,athe (93 25 HELEPDIE)lardegscalestuioes HI V- deri ved anti genic

conponent s sh¥R £Beahe JHRASE oat &d spdro¥diRbsl pRBuvdd¥EURR response if delivered
by recombi nant adenovi E%c%%?o \é\@sqllc{IOVZaEcSQ?ﬁ WO 02/22080). Also for nmalaria,

r ecombi nant "SG&R0VT 8- bASe vaccl nes have been devel oped. These vectors
express the 30 ¥nhepye tBS MepbiREPRLEdNT Pageiap| qandigaten tested nouse- specific
parasi te angh hheme nMeetlded hava deaensmahDwinied bf spapablies of i nduci ng
sterile innyﬂi L d0.Ces b e . i.ngle,j j zi ng dose

(Brufl a- Rorrercg‘t’l%/let agﬁl@eg%o'fag.crs %%(r;_&tgﬁrgrlgrr%rhg,ong&s?'rf?f%p vgtci ne vector using
CS from WO 288930 5B? ERRERA B2 6O 05610 Prevept ealgRks Y@ recently shown to

el icit [16ngudedsds nge bpsit oftacshveiemnigadon ninapranse- boost regi men, in
fo”ﬁi naL i ona%!im aogcﬁ.@a%dﬂo%@tiny@eﬁc%rﬂi amé&f llift £Q1leb@1_rslt et g! : 200ﬁ) in nce.
at:leng\s;i rﬁg? F}F?glr}gsgg%{ % g’fsé’%??%iﬁ%?tnf%regjrﬁ%?kaéﬁséfzyﬁrihgg% ygelrr?i : a;ﬁdt P?ber ghei
based adenotidigttedetiadr shenvatdnourorerpgk |asi veldupmidde since the nost dramatic
mal ari a-r el adRihd kEfiRISAS ERoUMBSb@eE85%, or otherwise
15 mutants that are more virulent may escape (Gandon et al,
2001) .
One way of inducing an immune response in a mammal
is by administering an infectious carrier, which harbors
the antigenic determinant in its genome. One such carrier
20 is a recombinant adenovirus, which has been replication-
defective by removal of regions within the genome that
are normally essential for replication, such as the El
region. Examples of recombinant adenoviruses that
comprise genes encoding antigens are known in the art (WO
25 96/39178), for instance HIV-derived antigenic components
have been demonstrated to yield an immune response if
delivered by recombinant adenoviruses (WO 01/02607; WO
02/22080) . Also for malaria, recombinant adenovirus-based
vaccines have been developed. These vectors express the
30 entire CS protein of P.yoelii, which is a mouse-specific
parasite and these vectors have been shown to be capable
of inducing sterile immunity in mice, in response to a
single immunizing dose (Brufia-Romero et al. 200la).

Furthermore, a similar vaccine vector using CS from



not caused by these two parasites. Mreover, it is 10 preferred to have a
vacci ne which is potent enough to generate |long-lasting protection after
one round of vaccination, instead of nultiple vaccination rounds using

ei t her naked}?%' Lections and/ or vaccinia based vaccine s boasting or
primng agents. Oigigﬁégpi te all efforts to generate a vaccll’(ﬁré&fzﬂ%ﬂosml%duces
an i nmune response against a nmalaria antigenic determ nant and protects
fromillnesses caused by the nmlaria parasite, nmany vaccines do not fulfill
all requirenents as descri bed above. \Wereas sone vaccines 20 fail to give
a protective efficiency of over 85%in vaccinated individuals, others
performpoorly in areas such as production or delivery to the correct cells
of the host inmune system 25 DESCRIPTION OF THE FI GURES Figure 1 shows the
new y synt hBIEsEE: (1asnee Gt iU gheicke edigiitptongriastipf ch i s based on a range
of known Pl gpfeditmwhenluwieainu i genedooandegthec,hiencodes t he novel

Cl 1 OUnSPOr 00l £ RLOYELY o AcdSEQk Db T) st Sk 80, codon opt | i zed
nucl ei ¢ acid se%léen,ce B) QSEQ IDNO1). SEg IDNO2 is the transl ated
protein prouct®® aifsfited® A8 MR L BRAEAYSetitenT¥*of SEQ ID NO | as
gener at ed bgellPgirdradify netiiatSECrd BAdNOv2russindgesrt i cal to SEQ ID NO 3 in

content. ( %QQ%&Q%%&%H;GM@B%@Q%&Pﬁ}@éﬁi_- gnEi ﬂ%@?g}%iSBOW?S}E gel z[a)m'lzg 2;:i df
sequence  NO: and nycleic a sequence, ; 0
synt heti c ats%a:’eagﬁ%"r‘r%aabé')-e%ws(%? Eiaa"f":ggb“ﬁe,ﬂ whi %‘%aflss’ tsﬁéc Ci rcumspor ozoite
gene of thetlR featciypmptin sekarin-ohted LHoRsseg Hhéumansep®d nal 14 ani no aci ds.
SEQ | D NO 5ndtScddied vy anssleatwdppfa@i edsh mreskect i agwsl ated from t he Codi ng
Sequence ,of | w4, 8 b t SEQ IDNOS5 is

i denti cgl0 t%ég%eFD %6 ?‘n‘gaceéoa%{;eg%? .gc}ll%s E?%%E eé%ugﬁ(j)fv?/s the am no acid
sequence (AJePeSE® 1DINDALNT fFGteftePEREEZCPRF Sefdette (B) (SEQ ID NO: 7) of

t he codon- vaccination, instead of multiple vaccination rounds using
either naked DNA injections and/or vaccinia based
vaccines as boosting or priming agents.

15 Despite all efforts to generate a vaccine that
induces an immune response against a malaria antigenic
determinant and protects from illnesses caused by the
malaria parasite, many vaccines do not fulfill all
requirements as described above. Whereas some Vvaccines

20 fail to give a protective efficiency of over 85% in
vaccinated individuals, others perform poorly in areas
such as production or delivery to the correct cells of

the host immune system.

25 DESCRIPTION QF THE FIGURES
Figure 1 shows the newly synthesized clone 02-148 (pCR-

script.Pf), which is based on a range of known Plasmodium
falciparum genes, and which encodes the novel
circumsporozoite protein (A) (SEQ ID NO:3), plus the

30 codon-optimized nucleic acid sequence (B) (SEQ ID NO:1).
SEQ ID NO:2 is the translated protein product translated
from the Coding Sequence of SEQ ID NO:1 as generated by
PatentIn 3.1. SEQ ID NO:2 is identical to SEQ ID NQ:3 in

content.



optim zed circunsporozoite gene of P.yoelii. SEQID NO8 is the translated
protein product translated fromthe 15 Codi ng Sequence of SEQ ID NO:7 as
generated by Patentln 3.1. SEQID NOB is identical to SEQID N0:9 in
content. Fiwoneobssisows the (A) cellular inmune response@EmP003®51008)
hunoral i mmune response in mce upon inmunization 20 wth Ads- and

Ad35- based vectors harboring the P.yoelii circunsporozoite gene,

adm nistered via two routes: intra nuscular and subcutaneous in different
doses. Figure 5 shows the inhibition in mce of a P.yoelii 25 sporozoite
chal l enge follow ng i mmuni zation vth Ad5- and Ad35-based vectors harboring
the P.yoelii circunsporozoite gene, admnistered in different doses,
depicted in percentage of inhibition (A), and in the presence of a parasite
specific RNA nolecules in the 30 liver (B). Figure 6 shows the cellular

i Mmune r espOifEE® Fafold B 2P afiidals®mrct 47205 ™a8%d vect or har bori ng
the full WR0OAHLEES 28¥d BETHLERP2 0(B3/ (BROIONC:A) | eéhgritherial ci parum

Ci rcunspor oZ@hé &af&@2-653d (fa0az-A8) elh otk Pt-aets, adm nistered in different
doses. SCRI PTI ON OF, THE | I The present._jinvention relates to
differ en?Ek‘flﬁS‘émSS?mzr"é%? iPcat :}’IgnEt-We?';%‘:agfl & e ot %Pn%ﬂr?t' viral vectors

conpri si ng echitsetlt SgtrripdicLé| aipeiadidsncHP By Mn5S ianthegeni ¢ det er mi nant of
several Pl asrmsiaied protaaoprodubt ekredabtad Fionl ehaalt8&ink0 Vviral vectors that
conprise 10 | ei j GOd] [ 0zQi t CS) protein of

P. fal ci par usrﬁr&g%ncf%?%/%g? ﬁ ﬁ%r gé ?%‘%%?%"E?"%%gﬁ;‘w@a EEQ\(/ect or is an

adenovi r us, IHFeFet i hiesd dofES I8P ypecontmzlt- is efficient in delivering

t he geneoof interest, that encounters | ow nunbers of neutralizing

anti bodi es 1,19 3t hewhoste aRdiot fials fieset o)t ey &b qast i mmune cells in an

efficient manner 1 In a_$r eferred B%‘nbodl ment the CS rotein is generated
such that itdtatet #619 iS§@6%al® poERM® FvhinRf Fa%p"}é)?ﬁ%ré" in mamal s,
preferably ¢amimired digcunppereappbetoent lvé RypekdsisiQ WY NPh® protein is el evated
due is the translated protein product translated from the

15 Coding Sequence of SEQ ID NO:7 as generated by PatentIn

3.1. SEQ ID NO:8 is identical to SEQ ID NO:9 in content.

Figure 4 shows the (A) cellular immune response and the
(B) humoral immune response in mice upon immunization

20 with Ad5- and Ad35-based vectors harboring the P.yoelii
circumsporozoite gene, administered via two routes: intra

mascular and subcutaneous in different doses.

Figure 5 shows the inhibition in mice of a P.yoelidl

25 sporozoite challenge following immunization with AdS5- and
Ad35-based vectors harboring the P.yoelii
circumsporozoite gene, administered in different doses,
depicted in percentage of inhibition (A), and in the
presence of a parasite specific RNA molecules in the

30 liver (B).

Figure 6 shows the cellular immune response raised by

immunization with an Ad5-based vector harboring the full



20 to codon-optim zation and thus altering the codon-usage such that it
fits the host of interest. The novel CS proteins of the present invention
are depicted in figure 1A (SEQID NQ 3), 2A (SEQ ID NG 6) and 3A (SEQ ID
NG 9), whi 'ﬁrotfﬁ&m%g on-optim zed genes encoding said proteins 25 are
depicted in figure (SEQ ID NO'1), 2B (SEQ ID NO 4) antCHBPEA5191H No 7)
respectively. The invention also relates to vacci ne conpositions conprising
a replication-defective reconbinant viral vector according to the
invention, and a pharmaceutically 30 acceptable carrier, further conprising
preferably an adjuvant. Further e, the invention relates to the use of a
vacci ne conposition according to the invention in the therapeutic,

prophyl actic or diagnostic treatment of rmalaria. WO 2004/ 055187

PCT/ EP2003/ b398 &- £a3 chpamag| HycHRSCRPPTHIONeTF PHMELFAVENTI ON  The present

i nvention radiates hirabhbe Wakindbtere@cianiisFardntvidedses as carriers of certain
specific 5 antigenic determ nants selected froma group of nmalaria

antigens. It is the goal of the present invention to provide a solution to
at least a part of the 9 i ve for existing vaccines

agai nst #ual ari atheTheespresen¢ntiiny grlaten trelitfegsedtokindsepti cati on- 10

def ective regoiiiglge¥ddtdlbe URELD1n&RNP S| Rtécs het er ol ogous nucleic acid
encodi ng an an%i%eni C i na f Pli%snodi um fal ciparum In a preferred

deternm nant .o
embodi ment SAFPG T & h\eliéecrtc’gcr’gc’lug W TRV PR 53 al phavirus or a vaccini a
virus. |n aandgeniprdsternigdny Dfcsdyste n@basmediud piatatoasect or i s an adenovirus,
wherei N sapbrag@npVitl BSladtss RoetadbleytslRr insedednpei@ead serotype sel ected

fromt hqogrr?ycgefogc%lj :s:t EQ&JdQlfxg tﬁ‘QS ir lsl:oro'.e.‘gig:%.’ CS%‘d rA'dteﬁqSS’ Ad48’ Ad49 and
pect 0] t 6

Ad50. In one particular as O; e Invention’'the replication-defective
r econbi nant °2&- {aleiparyBcangr PAeebtdi YRyt RFef o v #Atd dAT3kconpri ses an
anti geni ¢ dedcebiriigad atidradvitiss,t peefetrdbCyirtaped oncd tserdtghbe protein, or an

i mmnogeni Ctlﬁ"[”{s Egﬁrc‘_%@;f;t iErfele{’l&tlky’thgaJeQe of interest,

that encounters low numbers of neutralizing antibodies in

15 the host and that binds to the relevant immune cells in
an efficient manner. In a preferred embodiment the CS
protein is generated such that it will give rise to a
potent immune response in mammals, preferably humans. In
one aspect, the expression of the protein is elevated due

20 to codon-optimization and thus altering the codon-usage
such that it fits the host of interest. The novel CS
proteins of the present invention are depicted in figure
1A (SEQ ID NO:3), 2A (SEQ ID NO:6) and 3A (SEQ ID NO:9),
while the codon-optimized genes encoding said proteins

25 are depicted in figure 1B (SEQ ID N0O:1), 2B (SEQ ID NOQ:4)
and 3B (SEQ ID NO:7) respectively.

The invention also relates to vaccine compositions
comprising a replication-defective recombinant viral
vector according to the invention, and a pharmaceutically

30 acceptable carrier, further comprising preferably an
adjuvant. Furthermore, the invention relates to the use
of a vaccine composition according to the invention in
the therapeutic, prophylactic or diagnostic treatment of

malaria.



het er ol ogous nucleic acid is codon-optim zed for elevated expression in a
mammal , preferably a human. Codon 25 optim zation is based on the required
amno acid content, the general optimal codon usage in the manmmal of
interest a of provisions of aspects that sho /]% |ded to
ensure pr op(rak?()Z?(d%}rdge%g{ on. Such aspects may be splice dor\HC& ?003%@ pt or
sites, stop codons, Chi-sites, 30 poly(A) stretches, GC and AT-rich
sequences, internal TATA boxes, etcetera. In a preferred enbodi ment, the
invention relates to a replication-defective reconbinant viral vector
according to the invention, whereign the adenine plus WO 2004/055187

PCTI EP2003/ 051019 9 thym ne content in said heterol ogous nucleic acid, as
conpared to the cytosine plus guanine content, is less than 878, preferably
| ess than 80% nore preferably less than 59% and nost preferably equal to
approxi mately 458. BETRIBED MESTRIPDIONDORTHEIESVENTIONE enbodi ment a replication-

defective reconfyenadseNd rle,{,en\r._ggg qglat\gge,r eifl @ Qg Circumsporozoite protein
is the circunspaorozoite protei depicted in figure I A and in anot her

embodi nent FCORHEBNE Spti z%‘?jcﬁﬁigf%l°59‘i?ﬁ§a‘ﬁuﬁ?e€ri£maC| d as depicted in 10
figure 1B. ditégqniotdstasnicantbheelqarted fuen i apuporfnpalagtia al so expressed in
vivo fromf n&ﬁhg&ﬁ.aﬂ ds delei ¥R Yot ve@&aeésestsimobnt%sntﬂbe recorr:bi nant viral o
vectors of the resent.inyention. . In a purifie such proteins can e
applied in BrRet f‘ysr?e‘sJ 0 g%cr%' ir)f%sSt WREF el E }ﬁeprféppr otein is for instance
encl osed n°‘~1t|1p‘3ﬁ§oﬁ1?§’é’eo¥°ro?’lﬁ’értin‘té{?‘rqié?% aaéjé’dt wplefi@-art. The nucleic acid
can be cl oned ThHat pre@eherinveation Seldte2l 86 adiepticdsech-herei n, but al so be
applied,gs E@Qv@%e&;ﬂbﬂ%ﬂ@%d?&c%&%rsﬁnﬁx\?h@gﬁg sl n anot her enbodi nent, the

invention rel ates | I catlon- ective recombinant viral vector
accordi ng FeFHNeIPHY BREIIA, ac\?rﬂe?“éf"i‘rmﬁhaé‘ BrigEMspor ozoite protein, or the
i nmunogeni cdepamlnbhleroeoﬂasmedﬂuacfaln@aawi.umn:ta preflerredPl anchor sequence.

Apart from {Reaisest OfaiBEWAERRStANYs REOIRLES rhbatn

alphavirus or a vaccinia virus. In a more preferred

15 embodiment said viral vector is an adenovirus, wherein
said adenovirus is preferably derived from a serotype
selected from the group consisting of: AdS, Adll, Ad2e,
Ad34, Ad35, Ad48, Ad49 and Ad50. In one particular aspect
of the invention the replication-defective recombinant

20 wviral vector according to the invention, comprises an
antigenic determinant that is the circumsporozoite (CS)
protein, or an immunogenic part thereof. Preferably, said
heterologous nucleic acid is codon-optimized for elevated
expression in a mammal, preferably a human. Codon-

25 optimization is based on the required amino acid content,
the general optimal codon usage in the mammal of interest
and a number of provisions of aspects that should be
avoided to ensure proper expression. Such aspects may be
splice donor or —acceptor sites, stop codons, Chi-sites,

30 poly(A) stretches, GC~ and AT-rich sequences, internal
TATA boxes, etcetera.

In a preferred embodiment, the invention relates to
a replication-defective recombinant viral vector

according to the invention, wherein the adenine plus



25 can be applied for use in humans, the invention also discloses novel
genes that may be used in humans as well as in other manmal s. Therefore,
the invention also relates to a replication-defective reconbi nant viral

vect or conpr t erol ogous nucl ei ¢ acid encodi ng 30 the

ci rcunspor oz%vﬁzg&f)dr%% Zi n of Plasnodiumyoelii, wherein sE{UERIEYEINOacid is
codon-optim zed for elevated expression in a mammal. In a nore preferred
enbodi ment said viral vector is an adenovirus, an al phavirus or a vaccinia
virus, and it WD 2004/ 055187 PCT/ EP2003/051019 10 is even nore preferred to
use a reconbi nant adenovirus, whigh is preferably selected fromthe group
consisting of: Ads, Adll, Ad26, A?d34, Ad35, Ad48, Ad49 and Ad50. As in
P.falciparumit is also for P.yoelii preferred to use 5 a codon-optim zed
gene for prop@ireLpriessignssid peferptrdous gicieireacddt @sTherefore, in a
preferred ecdmpdidend thbecytashenri pumsphusaitdiyeaveatcastmas in said nucleic acid,

as_ compar ef LOgfien QL o301l UnafUA) N QULENLe Scless  than 879%

preferably [ess than re preferably Tess an 59% and nost
preferably E§dab®% 2hppiokraiarabyy a8%y torREPToRiATet B br ovi des in one
enbodi neAt The Lepntibat porrided dotangecenbedndt raptpMEatElonvect or according - to

the inventi giyecWARN RldanSAlalt GiLEURBPQYr 2Rt & nPELEI N IS the

ci rcunspor ozpi te prot eLn as qepl C&EQ 4n %hgure 3tA, 1 X\lm | e in anot her
enbodi nent , S PEFCF YA F ORI aEY 8t P EEOIDT TARt SV P¥ A Vect or i s provided,
wher ei n sai @ dapisted dnafiare SLAt dnsd vy @Enetherarrbddimenteppi cted in figure 3B. In
a preferredcampesptinizan Kb £4105HY Sddlel € aRiDbEI dbpicedd e i Munogeni ¢ part
thereof 1ol Se) ek R0 el HGLLANGL, 120 Ol pdRENA cgAUgRCe. The [ nventi on

further relat'es to an ted nucleic” "acid encoding a circunsporozoite
protei n of PgseRdpeiad falvérparemmraclede ALE 8L i gure 1B, wherein said
nucl ei ¢  acrehickesC 66N a®pih tezethinamd vitalatedtsnd afechenucl ei ¢ acid 25

encodi ng a GlJ.CUMBROLQZAL t én [ BhAIeRePfroR), A8MMIL T ; fAlg) Par um strain 3D7, as
depicted in figure 2B, wherein . i
be applied in other types of vaccines, wherein the
15 protein 1is for instance enclosed in liposomes or other
carriers used in the art. The nucleic acid can be cloned
into other vectors than as disclosed herein, but also be
applied as naked DNA in other vaccine-settings.
In another embodiment, the invention relates to a
20 replication-defective recombinant viral vector according
to the invention, wherein the circumsporozoite protein,
or the immunogenic part thereof, is lacking a functional
GPI anchor sequence.
Apart from the use of new genes and proteins that
25 can be applied for use in humans, the invention also
discloses novel genes that may be used in humans as well
as in other mammals. Therefore, the invention also
relates to a replication-defective recombinant viral
vector comprising a heterologous nucleic acid encoding
30 the circumsporozoite protein of Plasmodium yoelii,
wherein said nucleic acid is codon-optimized for elevated
expression in a mammal.
In a more preferred embodiment said viral vector is

an adenovirus, an alphavirus or a vaccinia virus, and it



said nucleic acid is codon-optim zed. Such isolated nucleic acids can be
applied in subcloning procedures for the generation of other types of
viral -based vacci nes, 30 apart for the types as disclosed herein.

Fur t her nor ewoz?) zf?&sis'fl()' ated nucleic acids can be used fopcnaimo/d3iAas
vaccines or in oning procedures to generate vectors for in vitro
production of the encoded protein, which, in itself can be further used for
vacci nati on purposes and WO 20041055187 PCTI EP20031051019 11 the like. The
production can be in all kinds of systems, such as bacteria, yeasts or
manmal i an cells known in the artjpln another enbodi ment of the present
invention, an 5 isolated nucleic acid encoding a circunmsporozoite protein

of Pl asm)dl gsm ‘\7/oel IaJI:e %§e ergegtcgdus%nfflgonﬁ)gnang adseno,prow ded, wherein said
nucl ei ¢ acid I's" codon-optim ze ur Fiore, *aVace he conposi tion

conpri si ng #ick el prafershivdeslectady ExqmethsmBrov@neonsistdingvect or  accor di ng 10 to
t he inventiemn, adsdadtiphardepceist) aabs,y aaam;epdaabis ags.raer is provided.

phar maceut | GRlpl Yo B668Rh AR @sfﬁgslfggsp yBh 1 efeégacts L the art and used

extensively i1n range of therapeutic eferably, carriers
are appPi ed PHA" H\bﬁ‘“l%z%%Ian? ﬁ°’€/é’6€?§¥e§"1’rﬁﬁi€npﬁ"e¥ﬁ Pe#t are 15 vacci nes,
further conpf istargsan Thehefuast in Adprafantes enbedidendowhei n the art to furt her

i ncrease thé‘delnﬂEJBEuJ %ﬁﬁﬂ@éeconic&ltaﬂn aRp4 'nGQle%@tdcﬂén'a% determ nant. The
invention also relates to se of avaccme g%SItIOI’I according to

the i nventi SWPRTPY: A2 ﬁe‘?‘%ﬁ%’(ﬁe %l“sp?‘l?ﬁfﬁﬁ Clu kil 'or”" 8i agnostic treatnent of
mal ari a. Anthahed7tenprederaidy Isfsstihen i0&s aore inyeterebbn 1ee$ ates to a net hod of

treatingoa oRANSYs A mdstTBkéfdrapiynbQGli € apsiloxpi-t¥entiseg a mal aria infection
ina mmal, sajd mvengmng IRELSERG L mb%(lil her order, or sinultaneously) 25
the steps of adm nister a vacci ne Cconposl ron accor di ng to the

i nvention, Eﬁi’di%ﬁ}ﬁ??ﬂ%lf%?ﬁ MY mECYRdBevir@d nirsEe T P6PPTEdRPri sing at | east one
purified na’ccarcha-mdaruwﬁ,d whéxfdiei saiarcipepispozoifee prdveenit i on al so relates to

is the circumsporozoite protein as depicted in figure 3a,

15 while in another embodiment, a replication-defective
recombinant viral vector is provided, wherein said
nucleic acid is the nucleic acid as depicted in figure
3B. In a preferred aspect, the circumsporozoite protein,
or the immunogenic part thereof, is lacking a functional

20 GPI anchor sequence.

The invention further relates to an isolated nucleic
acid encoding a circumsporozoite protein of Plasmodium
falciparum as depicted in figure 1B, wherein said nucleic
acid is codon-optimized, and to an isolated nucleic acid

25 encoding a circumsporozoite protein of Plasmodium
falciparum strain 3D7, as depicted in figure 2B, wherein
said nucleic acid is codon-optimized. Such isolated
nucleic acids can be applied in subcloning procedures for
the generation of other types of viral-based vaccines,

30 apart for the types as disclosed herein. Furthermore,
such isolated nucleic acids can be used for naked DNA
vaccines or in cloning procedures to generate vectors for
in vitro production of the encoded protein, which, in

itself can be further used for vaccination purposes and



a method of treating a manmal for a malaria infection or 30 preventing a

mal aria infection in a mammal, said nethod conprising (in either order, or
si mul t aneously) the steps of adm nistering a vaccine conposition conprising
a replicatiwo2eafbsngi ve reconbi nant viral vector conpri POTEP2@30FM08r | a

ci rcunspor ozoite antigen according to the WO 2004/ 055187 PCTI EP2003/ 051019
12 invention; and adm ni stering a vacci ne conposition conprising a
replication-defective reconbinant viral vector conprising another antigen,
such as LSA-1 or LSA-3 according to the invention. 5 The advantages of the
present invention are nulti- foldil Next to the know edge that reconbi nant
viruses, such as reconbi nant adenoviruses can be produced to very high

titers usingeaakls thBalro@&160NahdRN &0 282N8aPRE ABeldat can grow in
suspension to ver%ﬁgp%‘gﬁgdvol umes, usin medi um t hat, dges not contain any

ani mal - or SHEMEA YR3H SR E PRI SBATE TRVt i on conbi nes t hese

features wirth a vector harboring the circunsporozoite gene of Plasnodi um

fal ci parum P. fral LloRREA Ribsuihé PARES idresddtainvlRtLAYSES tropical nalaria.
Mor eover the1 ene has, been _codon-optini zed to.give an expression | evel
eéic acid enco i tein

that is ° sdifPsire T6rog Ving®a pr_%gpér?ilrﬁ%sﬁ@r?z@spo%%ﬁ i humans. The
present i nweénbiashodiupuogesi as\iepested Hgatase Faltaria infections, nmaking use
of for instmzeeReadanerdihusSaAs fktAbicQelD i todanoptudieed.hi gh titers of

neutrali zi i badi a ' . viruses are serotype 11 and
35 (Adl| 2%59%%%%%siiaﬁ@%o%g%ﬁé%%36%18%?28665) . The nucleic acid

cont ent betifBEFEIAR -ARfesti e ESRPEPIGRt pAERD JEREOTSRRIRTENIP. f al ci par um and t he
host of 10 ntter €st invedbisuicéndas HHemmceaplicehy ascepeshledi fferent. The invention

now provi d%%r?iéolé%is&ﬂdk@. %Q%agéuttibﬁl‘}i &Qy@%&@%&f&s V?CPi nes _knoyvn_ in
the art, such as_expression | are too, low o elicit a significant

evel s t hat e
i mune r esFSASE FROPREPhb 26} af‘%t“é?@ff“,"erﬁr"%?lé(rh’blayw mans. 30 Reconbi nant
viral vect cesgchadehereneuntedrodvchac Ereferably, carriers are
applied that work well in vaccines. More preferred are

15 wvaccines, further comprising an adjuvant. Adjuvants are
known in the art to further increase the immune response
to an applied antigenic determinant. The invention also
relates to the use of a vaccine composition according to
the invention in the therapeutic, prophylactic or

20 diagnostic treatment of malaria.

Another embodiment of the present invention relates
to a method of treating a mammal for a malaria infection
or preventing a malaria infection in a mammal, said
method comprising (in either order, or simultaneously)

25 the steps of administering a vaccine composition
according to the invention, and administering a vaccine
composition comprising at least one purified malaria-
derived protein or peptide. The invention also relates to
a method of treating a mammal for a malaria infection or

30 preventing a malaria infection in a mammal, said method
comprising {(in either order, or simultaneously) the steps
of administering a vaccine composition comprising a
'replication—defective recombinant viral vector comprising

a malaria circumsporozoite antigen according to the



set-ups. This has been denonstrated for vaccini a-based vaccines and for
adenovi rus-based vacci nes. Mdireover, a platformbased on al phaviruses is
bei ng devel oped for vaccines as well. In a preferred enbodi nent, the WO
2004/ 055187 WORhHERRN®3B/ 051019 13 invention relates to thETus@omi051019
reconbi nant adenoviruses that are replication defective through renoval of
at least part of the El region in the adenoviral genone, since the E
region is required for replication-, 5 transcription-, translation- and
packagi ng processes of newy made adenoviruses. El deleted vectors are
generally produced on cell linesithat conplenent for the deleted El
functions. Such cell lines and the use thereof for the production of

reconbi nant yiLf S haVv, csifed 10 tyely and are well known in
the art. Pr enflér%ai%z%;z a%,,.?%gﬂegﬁéé as n% coﬁggs%%f%ed by the cells deposited

under ECACCBLs 5oR} 167 PRESERr IR HTCOR P POt lof  Animal Cel | Cul tures
(ECACC) at vegtorCepmurdsingr afgpper edtidene ragh glsotfp-aner R8&sdar ch (CAMR, WUK), are

bei ng used iRordiagpPre¥eNtintdeig.oducti on of replication conpetent
adenovi rpuses (rca? In anot her preferred enbodi nent, cells are being

applied that support the growth of reconbinant adenoviruses other than
those derived dfre adyentadesusf s Breqset singeridyn aRefrrleéfice is nade to 20
publ i cat i onsolMON#E GR3He, kNI 1Qdde) BIAS re dMb hbhO "B £lsesY\O 00/ 70071, WO

02/ 40665 ang }C()\%Qgéc%%%ntfgen PQeCLS %ggeoprpémdtpo gp{. in rca-free

adenovi r al er adenovirus serotypes.
Adenovi r al ‘H&Ee‘i}te’é%t"éjr@ foHt Hare2iseePsideddi $pfehed25 art mainly i nvol ved
t he useiof #db csect@wsSin ldoswsreiqn &s vehpdibeenlwescrisbegd (WO 00/ 03029, WO

02/ 24730, V}QdQ\QA ZQQJﬁoeé@og%oﬂ@é@Sa@‘gnﬂanDterﬂumraE%rrl%d n the art),

adm ni stration of Adsh nd efficieng ﬁ?% he target cells of
interest, r&EBYINSFM & ?cﬁrei?ﬁtf f'b“eé?h°n3f?"\b nB’be(?ﬁl Eealtg’éep“’onses i s hanper ed
by the presdtben gbctdyi wprbpringethepfirpansnoapicitageantdtbodi es circulating in

the bl oodspizeashiuh R16i4arest PPLAVIAISH W sefeopdtagl e tas Ads

15 causes tropical malaria. Moreover, the gene has been
codon-optimized to give an expression level that is
suitable for giving a proper immune response in humans.
The present invention provides a vaccine against malaria
infections, making use of for instance adenoviruses that

20 do not encounter high titers of neutralizing antibodies.
Examples of such adenoviruses are serotype 11 and 35
(Ad11l and Ad35, see WO 00/70071 and WO 02/40665).

The nucleic acid content between the malaria-causing
pathogen, such as P.falciparum and the host of interest,

25 such as Homo sapiens is very different. The invention now
provides a solution to some of the disadvantages of
vaccines known in the art, such as expression levels that
are too low to elicit a significant immune response in
the host of interest, preferably humans.

30 Recombinant viral vectors have been used in vaccine
set-ups. This has been demonstrated for vaccinia-based
vaccines and for adenovirus-based vaccines. Moreover, a
platform based on alphaviruses is being developed for

vaccines as well. In a preferred embodiment, the



infection. It has been investigated what serotypes are better suited for
therapeutic use, and it turned out that WO 2004/055187 PCT/ EP2003/051019 14
a limted nunber of serotypes encountered neutralizing antibodies in only a
smal | per cegwoapey/ebisyndi vidual s in the human popul at i onPCTVERX983/6%P&r i nent s
have been described in WO 00/ 70071. Therefore, in a preferred 5 enbodi nent,
the invention relates to the use of adenovirus serotype 11, 26, 34, 35, 48
and 50, and nore preferably to Adll and Ad35, since these serotypes
encountered no neutralizing antibodies in the vast majority of tested
sanples. 10 Apart from avoiding th® presence of neutralizing antibodies
directed against certain serotypes, it mght also be beneficial to target

the repli ca{ﬂveﬁlti@ﬁffeq'a@gg to! @feORdY aar}tscaaba@,intvs‘&mmuggsa certain subset of
cells involved uch cellg are for 15 instance

dendritic c8® arel fep\%égatfltgﬁn‘geffﬁtdtectgf?“aq n*"8¥EN8YiFus serotypes, such as
Adl 6, Ad35 Iasdt Ad5D, ofchhe Pl Tsgperi dn et adenevirhhtgesgrsei fical |y bind to
certain resgptams mresﬁbtn o réd@nded tfos replicet{dAD, 02/ 24730). Ad5 is a

serotype th@‘ anscrlrr?i t@QH&fLIQlénQ Eu?aeg?ckag Oﬁ?oif IQ?ﬁnggfay be a di Sad"?"”t age

i f suff|0|en’i nunbers of Vi cell's of the inmune
system |t DeHRE "PotmfenpErusas | Bhdelatadvectansr dredprdtPeht s sone of the
serotypes, pidih@ident celDMiAds thatllctmplohert falemnk idkletedceEl | s nulti-fold

bet t er tha”fﬂ@@ion%“%%ﬁt&eﬁg 1ihat a%hst%e' The2Pnetb¥P shparndel ivery to such cells

is nore efficient til remal ns be seen whether this in vitro to in

Vi vo transP’é’FP%trPﬁo‘lfd‘s’e?Pﬁ‘bi%?ﬁa ‘f"F“%ee"r B?Vp]é%enofl??éfﬂi’er‘?an Ad5 wll give rise
to the rl@quextedsiyedy eotli e Velleknowhtin she atis.oPpsfieralify,t he i nvention to

provide thep@ee@t )6919155 oés Cigpgaeh&a bﬁ%hé %elfssd&eas&{&i i zing antibodies are
concer ned, thcg\gg 5 %)095&110 Se +pUG S lIecl%gr or, a part thereof from
a serotype 't"hﬁf BPe 190%8%1%2t | v% ?p 8?) 7 ¥R4ritic cells. It nust
be not ed hepemph#gell Fulturesp(RsREYhatl tdeGentra Sox\@PPLYEE3029, WO 02/ 24730, WO
00/ 70071 Microbioclogy and Research (CAMR, UK), are being used to

15 prevent the production of replication competent
adenoviruses (rca). In another preferred embodiment,
cells are being applied that support the growth of
recombinant adenoviruses other than those derived of
adenovirus serotype 5 (AdS). Reference is made to

20 publications WO 97/00326, WO 01/05945, WO 01/07571, WO
00/70071, WO 02/40665 and WO 99/55132, for methods and
means to obtain rca-free adenoviral stocks for Ad5 as
well as for other adenovirus serotypes.

Adenoviral-based vectors that have been used in the

25 art mainly involved the use of Ad5 vectors. However, as
has been described (WO 00/03029, WO 02/24730, WO

' 00/70071, WO 02/40665 and in other reports in the art),
administration of Ad5 and efficient delivery to the
target cells of interest, responsible for sufficient

30 immuncgenic responses, is hampered by the presence of
high titres of neutralizing antibodies circulating in the
bloodstream if a subject previously encountered an Ad5
infection. It has been investigated what serotypes are

better suited for therapeutic use, and it turned out that



WD 2004/ 055187 PCT/ EP2003/ 051019 15 and wO 02/ 40665, Ad50 was m stakenly
named Ad51. The Ad51 serotype that was referred to in the nentioned
publications is the sane as serotype Ad50 in a publication by De Jong et
al . (1999), wheswioss1BT was 5 denoted as a B-group adenovirgiser26@fosioie sake
of clarity, Ad50 as used herein, is the B-group Ad50 serotype as nentioned
by De Jong et al. (1999). It is now known that a first admnistration with a
speci fic adenoviral serotype elicits the production of 10 neutrali zing

anti bodies in the host against that specific vector. Thus, it is desirable
to use in a subsequent setting (& foll owup boost or in the adm nistration
of another, non-related vaccine) a conposition based on a different

adenovi r us Sei Rt YPeumdl 68 skfotipls REEEInaLicgetbul Pa Y ANt i bodies raised in the
first adm ni str erefore invention further relates to nethods

1 ion. Theref t he ,
for vacci r?&*f’rbr?al‘?‘ﬁarirﬂa‘inilﬁr? PR PHTST P PP EH 3P R ng  vacci ne
conposi t i orfhedwpat pepulatiep| Feesei owediafeats heee beeconbi nant adenovirus of a
first serotypesiv¥dhiihend 00270301 bensleraig, VACa frreHEA0SI tion a

repli catg on. de ieecxgti vg%e rire‘g%@énnagiatgget%o,\c/}iler ys, %ff a second serotype are used.
Pri me/ boost™ St t | ndgs have been deéscri bed in nore detail in international
pat ent applacezaviists SEOLYRE 03/ P67 attt APCTAENR32BDT28 (not publ i shed) ;

these appl ipgatdransy telmiie 20 AdB5t hdnbsehede 8exor@pssdi nant adenovirus vector
of 1St onSRLOLYRend Qeul N1 PEEPALbAE, Oh Brgmbglicarent for the treatment

or prevention o I sease In_a human or aninmal treated with a reconbi nant
adenovi r us "FVHEY Vf LeLTEBCHHBSser ot ype, wherein said first serotype is
differem fromag8risdreh seciplidg Sbe qirgpaicearfdneiterbizingai d first serotype is
sel ect ed frEmddAce JuORLEONYh SN Rbin Adeypdd] 260 mhgh34, Ad35, Ad46 and
Ad49, and erg q?sal d Second serotype s gr e_f'egftblx adenovirus serotype 5.
Thus, it rérra? &8 REeFHE2" (S "0 Fret At “agh ST 14 "Ser ot ypes t hat

encount er |76APNMERFFOY] FISUTLOPCTP BP2OUBAD S0 of grells

involved in the immune response. Such cells are for

15 instance dendritic cells. It was found that certain
adenovirus serotypes, such as Adl6, Ad35 and Ad50, carry
capsid proteins that specifically bind to certain
receptors present on dendritic cells (WO 02/24730). AdS
is a serotype that is mainly homing to the liver, which

20 may be a disadvantage if sufficient numbers of viral
particles should infect cells of the immune system. It
was found that at least in in vitro experiments some of
the serotypes, different from Ad5 could infect dendritic
cells multi-fold better than AdS5, suggesting that also in

25 wvivo the delivery to such cells is more efficient. It
still remains to be seen whether this in vitro to in vivo
translation holds up, and if serotypes other than AdS5
will give rise to the required protection level. It is
also part of the invention to provide the serotypes of

30 choice, as far as neutralizing antibodies are concerned,
with capsid proteins, such as the fiber or a part thereof
from a serotype that is able to selectively recognize
dendritic cells. It must be noted here that in the
published documents WO 00/03029, WO 02/24730, WO 00/70071



pre-existing immnities in subjects that are to be treated. Preferred
exanpl es of such serotypes are the reconbinant nentioned, wherein Ads is
not excluded for individuals that have never experienced an Ad5 infection.

5 The settingg.elanpsskPed and claimed in the applications Pd%bog@g&@bove

relate to the use of adenoviral vectors carrying transgenes such as those
fromneasles, or gag fromH YV (for treatnent of humans) or SIV (for
treatment and studies in nonkeys). 10 One non-limting exanple of a
prime-boost set-up towards Malaria is a setting in which, next to different
adenovirus serotypes, also differgnt antigenic determ nants may be used.
One non-limting exanple of an antigen different fromCS is the Liver
Specific Antigen 1 15 (LSA-1, Kurtis et al. 2001). Such set-ups are at | east
for one red8dMOUSHPEFS nATRY 2% RigtakeRd vemedtAdghn TPE Ad8%pressed mainly

duri ng t he setagge shagevaef rafherqgatadnt e mashtiidredi t s expressi on goes down in

the liver- $480Rat AL 1 P band RbSsebiyRtALR iSanDre or less the opposite; it
is 20 expressed to Il ow | eyel s tdu IR? %«?hed%ll ood-stg’ge, but is highly
expressed GIPIHETIRY PFero 8t Hydt- APt HdughebH® 1t d@Fd use both antigens in
subsequent dathtiediast paR-igoeMy, afienovives. dorotivesaksedf aflaxity, sanme tine to provide
protecti on pgs@akNidedtii@epar asithe Blgrélieadoossktimgasas well as at the 25

liver-stage. I.n urt her enpadi of the present invention both antigens
may be del imﬁréElgag%I?yoéleego% g?oa\(;i_ rTElsrg)gg)e'r otype (either cloned together in the

sane vector, &F Wepay drevy that depaphradnidstmtéonithe sane serotype). In
anot her enbpetireatadenddirantsegeiype arleci33 €l pmeiietionyofli f f erent ser ot ypes

that may, Deflh VorG ttinodiBE 20K hbdPaglinSERALALELYL AR LiMe, for |nstance
in a prinme-boost séetting. The vaccines of the present invention may al so
be used i n V&8I ng¥s n“w%‘? SRepAPhe-FoptEsts 2aF®SBEIg used in combinati on

W t h naked sBiAngr (ANB> PR A4D) 58648 70 CH/ HR2808A DE1U%n df7 ot her delivery neans,
unrel ated t@ofae, MeRLiQatidRacAdat £at bamo¥idviah pdesd QhSa Of the present

i nvention, di%%élegg adenovirus serotype, which is not neutralized
15 by antibodies raised in the first administration.
Therefore, the invention further relates to methods for
vaccinating mammalian individuals in which a priming
vaccine composition comprises a replication-defective
recombinant adenovirus of a first serotype, while in a
20 boosting vaccine composition a replication-defective
recombinant adenovirus of a second serotype are used.
Prime/boost settings have been described in more detail
in international patent applications PCT/NL02/00671 and
PQT/EP03/50748 (not published); these applications relate
25 to the use of a recombinant adenovirus vector of a first
serotype for the preparation of a medicament for the
treatment or prevention of a disease in a human or animal
treated with a recombinant adenovirus vector of a second
serotype, wherein said first serotype is different from
30 said second serotype, and wherein said first serotype is
selected from the group consisting of: Adll, Ad26, Ad34,
. Ad35, Ad46 and Ad49, and wherein said second serotype is
preferably adenovirus serotype 5. Thus, it relates to the

use of different adenoviral serotypes that encounter low



purified proteins or peptides. Exanples of such proteins that may be used
in prime-boosts (Ad/protein; protein/Ad; 5 protein/Ad/ Ad; Ad/protein/Ad,

Ad/ Ad/ protein, etc) are CS, LSA-1, LSA-3, MSP-1, MSP-119, MSP-142 (see

bel ow), or w@e200lvessad7ri tis B particl es-containing and CS-#@er/Epad3nseri ne
conposition known as RTS, S (see Gordon et al. (1995; US 6, 306,625 and WO
93/ 10152). 10 Although the invention is exenplified herein with the use of
adenoviruses, it is to be understood that the invention is by no neans
intended to be limted to adenoviruses but also relates to the use of other
reconbi nant viruses as delivery viehicles. Exanples of 15 viruses that can

al so be used for admnistering the antigenic determ nants of the present

invention are .POXYLr 4a851+1XAGG QirfeMs HSRSaresSHEheaSs MA) and flaviviruses
such as al phavi ruseS, Non-limting ex | es of al phaviruses that nay be
appl i ed foFr?fé’Ieflv@f?ﬁeg‘rf’?\ee"?ﬁ’%eﬁrﬁ%nﬁb%‘g? OBYRES niHi g'?ﬁ conponents of the
present i meeambizaptanentidihdmmbereins AdBhgqpet Gxedkdedi foars, Hi ghland J. virus,
5@” 'Vbrga!ln&ivﬁ.ﬂliéalsBaﬁQnﬂQvthé’\Mge%&iﬁ?@@ﬁﬁﬂ Agyibirdfgctiuﬂﬁb Vi g gs, I\/Qura virus,
at ar oa. Vi fus r vi-rus . ri.can Qv [ US : : yaro Vvirus,
25 Sagi f/sarrérg%j/i# Eglﬁggeétégﬁn\ﬁe?uasrﬁd %%égedl;i{’/etr ev‘_’l‘l?rP Eéc,a\éé%l?srrah Forest virus,
Chi kunguny &e%iiraed 2brygy setptAyehg§hs Ppaf adppstieph BGtR%fe Encephal itis virus
(VEE), M ddetbung trundgeses Euel glsart@se \firbm :eadfiast erxngdncephal itis virus

(EEE). Micagh vy 45: e Rlettng Mk, oPrtberahl yeatfise 30 an al phavirus is

the virus of choice, I ki Forest Virus, Sindbis virus or Venezuel an
Equi ne Encéphditrties 1% mPueYSte applied. A sequence is “derived as used
herei n 1¢ a nucheiron-Hoitingaexdnplobf & pedretbougietdir ect cloning fromw | d

WO 2004/ 0531 @4eBGHNERZ093/P340:kAy ik8uilivRE nafduengasephtcai ned from wild-type
viruses, while theg can tl“or ns afr}cgengl S¢ .be .obt ai ned through PCR by wusing
ko) EWEY%S Enprates 1

different Prevas Fra? 1"49%8ns  al so that such sequences

may be in tdekeTpirants iRy PoFPds One non-limiting example of an
antigen different from CS is the Liver Specific Antigen 1

15 (LSA-1, Kurtis et al. 2001). Such set-ups are at least
for one reason useful, namely that the CS antigen is
expressed mainly during the blood-stage of the parasite,
while its expression goes down in the liver-stage. For
LSA-1, this situation is more or less the opposite; it is

20 expressed to low levels during the blood-stage, but is
highly expressed during the liver-stage. Although one
could use both antigens in subsequent administrations, it
may also be used at the same time to provide protection
against the parasite at the blood-stage as well as at the

25 1liver-stage. In a further embodiment of the present
invention both antigens may be delivered by one
adenovirus serotype (either cloned together in the same
vector, or separately in separate vectors of the same
serotype) . In another embodiment both antigens are

30 delivered by different serotypes that may be delivered at
the same time or separately in time, for instance in a
prime-boost setting. The vaccines of the present
invention may also be used in settings in which prime-

boosts are being used in combination with naked DNA or



5 well as in altered form Another option for reaching the sane result is
t hrough conbining synthetic DNA. It is to be understood that “derived does
not exclusively mean a direct cloning of the wild type DNA. A person

skilled in WB8o@foksi!! al so be aware of the possibili til’%gf(i%];%{%%aﬁ%{recu' ar
I'd. The

bi ol ogy to obtain nutant forns of a certain piece of nucl

terms “functional part, derivative and/or anal ogue thereof' are to be
understood as equivalents of the nucleic acid they are related to. A
person skilled in the art will appreciate the fact that 15 certain

del etions, swaps, (point) nutatiops, additions, etcetera may still result
in a nucleic acid that has a sim’lar function as the original nucleic acid.
It is therefore to be understood that such alterations that do not

si gni fi cantItyeaPebverh@epific BPEHAFTS V0 dhe t18B14F3ELB¥ ¢ 20 acids are within the
scope of thef@grnésentiranwestdronot ke greszet tiaventddensuck als vector is derived

froma certalfric84R80YIHsAr $EHAIMPE rRInpEBOIcE EsuchiplogeilsSO 10 be understood
that the final mgrgmduct ({:ﬁé b;f ot%t ai_ned throu%g i ndi,rect ways, such as
direct clorfi"At ™aNPosYHchas iFFiAy 298 te e AMLPTPEAT M BESE ko ¢ DNA, usi ng

met hodol Dgyrrrdwird/Ad; tAdéreatein/Bdr thdi dd/Bedtetnoese) mye &S,ons and ot her

al terationgsefi,t hen-genespi-c, aept@0} MsbalsodpseBOberalf chrtdhe specific aspects
of the inventian,are %rttlllcie consi dered to..be part of.the invention. Exanples
of such al t &FPations A Y 67 THSTANCE deloefions on the viral backbone to
enabl e t he coreasintproknevar e RTHieders Berdretedr ot -odd: Wcl ei ¢ aci ds. Exanpl es
of such nuteBo§Bss ane Wwoov3/lomsi)ance E3 del etions or del etions and/ or

alteratiyons in heons, ot ng L.oLhbe 52 806 ok E4 proteins of WO

2004/ 055@87 PC#EB%SOB 651019 _f9.a§en(§’v?r t?s.he%uc% éﬁanges applied to the
adenoviral TPBARbONEERE RGN 1T F8 Bfr trdemBtsrt Biftail i ed, since space is
a limting ingettdpn figr byceneans uintémiedetpbe Kagedd td his is a major reason to

del et e certgbioRands pit Lhe Sendenav £l wgeReMneX her reasons for altering
the E2, E3 regg /igarlntEéi.r.tues i.;*.Oarésdé).l.fivgl:hyev quO_eI’I:;E g}?%p?&% I;J?l ated to

15 viruses that can also be used for administering the
antigenic determinants of the present invention are
poxviruses (vaccinia viruses, such as MVA} and
flaviviruses such as alphaviruses. Non-limiting examples
of alphaviruses that may be applied for delivering the

20 immunogenic Plasmodium components of the present
invention are: Ndumu virus, Buggy Creek virus, Highland
J. virus, Fort Morgan virus, Babanki virus, Kyzylagach
virus, Una virus, Aura virus, Whataroa virus, Bebaru
virus, South African Arbovirus No. 86, Mayaro virus,

25 Sagiyama virus, Getah virus, Ross River virus, Barmah
Forest virus, Chikungunya virus, O’nyong-nyong virus,
Western Equine Encephalitis virus (WEE), Middelburg
virus, Everglades virus, Eastern Encephalitis virus
(EEE), Mucambo virus and Pixuna virus. Preferably, when

30 an alphavirus is the virus of choice, Semliki Forest
Virus, Sindbis virus or Venezuelan Equine Encephalitis
virus are applied.

A sequence is ‘derived’ as used herein if a nucleic

acid can be obtained through direct cloning from wild-



stability or integrity of the adenoviral vector, as for instance described
in international patent applications PCT/NL0O2/00280, PCT/EP03/50125,
PCT/ NLO2/ 00281 10 PCT/ EP03/ 50126 (non published). These applications rel ate

amongst ot hey K%ﬁg use of an E4orf6 gene froma serot from one
subgroup in t one of an adenovirus from anot her 6ﬂﬁm5Wﬁ’ensure
conpatibility betmeen the Edorf6 activity and the ElS-55K activity 15
during replication and packaging in a packaging cell |ine. They further

relate to the use of a proper functioning plX pronoter for obtaining higher
pl X expression |evels and a noregstable recombi nant adenoviral vector. 20
"Replication defective' as used herein neans that the viral vectors do not

replicate in non-conplementing cells. In conplenenting cells, the functions
required fG¥Pe Se@ITREat ioBFALng A O S 1 drtyBe IR Sof YBih® viral vector, are
provi ded byhéhear dopl rseatdenglebé obidieed epkrowwat PaNbR5 defective viral

vectors of Lhe Biﬁ%%'ﬁt bw&@twaumsr@ttemﬂ@w%hﬂ heglements enabling
replication cell. " Heterol ogous'

P sed homaph et BBt GREVTGR JEF 1P b ehe Rt THE ToERRE that 1 e mucl oF g
aci d i s hotvelb@adiy ﬁlt%@dvﬁqrm tPpperererrsiiongonfreptiingi ¥hel vectors in which
t he heteroIseg@&ssmtci@|tﬁr&@mdcdnmzeﬂn@ngath&ae pNAStBNES don the case of

adenovi 1 Useg, e, ek gl OGS WAL el 6ok A lIghyy aflioned [0 the

replication déPéc tive adenovir hn-adénovi ral nucl ei ¢ aci d.
VO 2004/ 055485 PEnEmD (76 3155 Yo EYERODNAA R iRg&EFAT: Shidlef inant © as used herein
nmeans any thatdarg§ewildeslsockk htvara af paé hogeibicisiedrae®e that elicits an i mmune

responsg; i %%J&Qﬁ brigf@rydi% whLah &J%‘éné%%éﬂof'aantceréa%n del i vered
(adm ni stere ng es of antigenic determ nants of Pl asnodi umthat can

be del i ver &¥ot °B UGS ARt ptS %?WsorF“B‘é‘fj@Eﬂ VP& %econbi nant viruses of the
present i nventvadivearadidrearalpguentipoeofonte tprigt enderstdve  SE36 pol ypepti de,

the nerezoidseeitdraes ot Auchtc kP83 they are related to. A

person skilled in.the art will appreciate the fact that

15 certain deletions, swaps, (point) mutations, additionmns,
etcetera may still result in a nucleic acid that has a
similar function as the original nucleic acid. It is
therefore to be understood that such alterations that do
not significantly alter the functionality of the nucleic

20 acids are within the scope of the present invention. If a
certain adenoviral vector is derived from a certain
adenoviral serotype of choice, it 1is also to be
understood that the final product may be obtained through
indirect ways, such as direct cloning and synthesizing

25 certain pieces of genomic DNA, using methodology known in
the art. Certain deletions, mutations and other
alterations of the genomic content that do not alter the
specific aspects of the invention are still considered to
be part of the invention. Examples of such alterations

30 are for instance deletions in the viral backbone to
enable the cloning of larger pieces of heterologous
nucleic acids. Examples of such mutations are for
instance E3 deletions or deletions and/or alterations in

the regions coding for the E2 and/or E4 proteins of



C-term nal polypeptide (MSP-119), MSP-1, MSP-142, Liver 10 Stage Antigen 1
or 3 (LSA-1 or -3), or a fragnent of any of the aforenentioned. In a
preferred aspect the invention relates to the circunsporozoite (CS) protein
from P. fal ci paraoewossi@don- optim zed' as used herei n neanspdmgs20é318101d5

nucl eic acid content has been altered to reach sufficiently high expression
| evel s of the protein of interest in a host of interest to which the gene
encoding said protein is delivered. Sufficiently high expression |levels in
this context nmeans that the protein |evels 20 shoul d be high enough to
elicit an i mune response in the 1shost in order to give protection to a

mal ari a-inducing parasite that may enter the treated host before or after

treatment. JobndvSriO¥ELY ehcrla,@saa %htelaaéo %Qéfad&?o%mes give an immune
response in humans, throug roximately 25 60% of the vaccinated

i ndi vi dual S2F&pf cﬁréc]E’E’Hna’d‘aFﬁ%tart |anrP§§§%§PPJrfGE}ce§dnB%/ subsequent chal | enges
wth the pattrodern (éniging Sporaz 601t edgnoviher &f deepdchegedxpression |evels are

consi der ed ¢n9s he $uhfLireiMonl {0 GOILATr JTRES BértstJS@tBé eated individuals is

pr ot ect egi a%al n§£asu seque rQ_,elaan%c o|ro‘_g Lt ved that with the
conbi nations 0 ERovi r a as ects at can ?qu app fe and the choi ce of
antigen as ah&d ’é%éﬁg%@tse?ﬁ th%lﬂ@hm??e‘i“%ﬁehﬁ a§éatedaye be reached. Preferably,

85% of t he dtashilvtgduwal mtageitypsDire ta@dnovdbil @edtorj Sasnbat preferred to have

protecti 0”9%%}51?94%@55&%@ fCIAéPg%q%QIS%%e% g%,rlwatqogybsequent chal l enge in

nore than vaccl nat elc acids disclosed in the
present i nFERTEA/ ARE0c SEMTRGMIOMT 2 e BCY/ BFO%P4 % ¢si on in  humans. Accordi ng
t o Nar umt eteCafEr0g2MA2Y , (nbhepubbivhedit- Thesd @gp@héatéond wgldthymi ne (A+T) in DNA

of Honp sapiefisti &heﬁp&'boi\fﬂém.ts@lof a9%0:28 J-00PALAG t 0 the percentage
cytosine pl usgg me%ﬂ@ acg gb g%c%l us_ thym ne content in
P. fal ci par (A 7% ‘ép%rpgxcf f q§°‘§’0&/n Re?% ¥ Blus thynine content in the
CS gene of aPefgylicuHAromanathey sHPEFPy et etgprg Aampatdbbbitai n suffi ci ent
pr ot ecti ON Yetwdes the Edorf6 activity and the E1B-55K activity

15 during replication and packaging in a packaging cell

line. They further relate to the use of a proper
functioning pIX promoter for obtaining higher pIX
expression levels and a more stable recombinant
adenoviral vector.

20 '‘Replication defective’ as used herein means that
the viral vectors do not replicate in non-complementing
cells. In complementing cells, the functions required for
replication, and thus production of the viral vector, are
provided by the complementing cell. The replication

25 defective viral vectors of the present invention do not
harbor all elements enabling replication in a host cell
other than a complementing cell.

‘Heterologous’ as used herein in conjunction with
nucleic acids means that the nucleic acid is not found in

30 wild type versions of the viral vectors in which the
heterologous nucleic acid is cloned. For instance in the
case of adenoviruses, the heteroclogous nucleic acid that
is cloned in the replication defective adenoviral vector,

is not an adenoviral nucleic acid.



believed to be necessary to inprove production levels in the host. One way
to achieve this is to optim ze codon usage by altering the nucleic acid
content of the antigenic determnant in the viral-based vector, w thout 15
al tering theyauosesseszi d sequence thereof. For this, the PCI/EP2003/051019
replication-defective reconbinant viral vectors according to the invention
have an adeni ne plus thym ne content in the heterol ogous nucleic acids of
the present invention of less than 878, preferably |ess than 80% and nore
20 preferably |ess than or equal to approximately 59% Based on codon-usage
in human and the amino acid content of the CS genes of P.falciparum and
yoelii, the percentages of the codon-optim zed genes were even | ower,

reaching appr o iRi&liy £eeediQhnd-Ngs b PeAGIInLQRt SRt as di scl osed 25 by
the present invention. Therefore, as, far as the CS  dgenes are concerned it

is preferr eRPHEESTh SFEER AR RBENYPRAS BIRFRE HB2E SHESH® BF approxi mately 45%
It is to beimmuneleespaed,in hatostftoapoishelricsy peel ésterhigrnhumans is to be

treated, \Amscbem)érmv(emndgéefrea)enhxag@éy Be Rkusentibyn ne 30 concentration

(less or t han 299 nd/ er.en cod gn, usa t hat the genes
encodi ng thee;c BeBE /(} Pl% CJPﬁma}:hr eSEN>S Eriﬁllein?re b%ayg??e adj usted to fit

the requirethe E%Ritlé?ﬁmarﬁffgi?‘iﬁé’er#%é“hiﬁa%’qu"f-ﬁl?leé afxphession levels for that
particul ar p@stnt Chvaditiss @re ithe CARBRIspbHz0XE] peadiMYOtBO04/ 055187 -

PCT/ EP2003/ 95019 44 eveﬁét%g ’mew"%atglskgeren REES 114 ﬁ,gntent may result in

sl i ght expre55|on changes 1n %eo raphi cal areas around the
world. It |§‘t3F‘§’6‘af‘cP°d§P‘?H’i€J%? MR PnalsE-dr MRt \J8% in the number of
r epeat s 10ncétsgedanthgdrhe &x amlrse~a©rd—33equemcﬁiagﬁenth®f pnpt ei ns, that

percent ages,yMye a@bié&ht?&:@@r thag ¥efeé!:éd taQﬁ‘e%@ @h@l usted contents are part
of the pres i hvention Assenbly of the Pl asnodi um

fal ci parum f"ef"é’d’ﬁsbﬁaﬁi%|tPeth§yﬁJtrﬁBTﬁp8r‘bz€r’igg ((éﬁ))rrﬁé?%etlf‘ve st udi es conduct ed
wi th DNA vaéxsmnBsfalciparum.
‘Codon-optimized’ as used herein means that the

15 nucleic acid content has been altered to reach
sufficiently high expression levels of the protein of
interest in a host of interest to which the gene encoding
said protein is delivered. Sufficiently high expression
levels in this context means that the protein levels

20 should be high enough to elicit an immune response in the
host in order to give protection to a malaria-inducing
parasite that may enter the treated host before or after
treatment. It is known in the art that some vaccines give
an immune response in humans, through which approximately

25 60% of the vaccinated individuals is protected against
illnesses induced by subsequent challenges with the
pathogen (e.g., sporozoites). Therefore the expression
levels are considered to be sufficient if 60% or more of
the treated individuals is protected against subsequent

30 infections. It is believed that with the combinations of
adenoviral aspects that can be applied and the choice of
antigen as disclosed herein, such percentages may be
reached. Preferably, 85% of the individuals are

protected, while it is most preferred to have protection



based on native and codon-optim zed genes encoding 15 merozoites proteins
of P.falciparumhave indicated a direct correlation with expression |evels
and i mmunogenicity (Narumat al. 2001). A new sequence of the gene

encodi ng t heydb@soRadd-um f al ci parum circunsporozoite ( CSpcpii9i00s/05108S
designed. Studies on popul ations of 20 nmal aria parasites obtained from

w dely separated geographical regions have reveal ed the presence of CS
sequence pol ynorphi sm The new P. fal ciparum CS sequence was assenbl ed by
alignment of the different available protein sequences present in the
Genesank dat abase 25 (listed in Table I) First, all the different sequences
were placed in order of subgroups based on global |ocation or by |ab-strain

where the igol @%ggsqu&{tgh?aaltlg N l@lmlorgh%p%;s el partial sequences were
0 |

used in order ent 1 tion between the i f f er ent geogr aphi cal 30
areas and VAPPETeBCTED- I‘%}fcl;rglc ThEAst fingflosadi to thei d  consensus sequence
det er m ned pwasent hiowentgloh yarexenonegptimikhe fomvemtesdonfint he present invention

subsequent lyy,.nadj AlShad o Eh,l_osnggﬁsgpgys SE8M 3enl_ch% aleho rave a new CS gene
e novel am no seggence WO 2004/ 055187

synt hesi zed Cl

PCTI EPZO%BFﬁé’TGgQﬂu%Btbiyg'”éenéW’l e, °% A¥W'ES protein harbors the
aspects | i sppohxbedtely (F0komsNcam@rIINES ttng ;t@rcmtﬁmwg)tosineThe N-t er m nal

si gnal seqyess Guat¥ak Clt+8pUirde didk£Gle pﬁlstmmm@t:@ﬂﬁanaoint he endopl asmi ¢

reticulum PI? Iclg%atmTunchg%%xgmate%y E«g e:'rﬁ gslpeptl de ami no acid (31-40),

as wel | omnan are conserved, therefore
t hese sequéhﬁ@é‘eaﬁ@t?@f o e fric Benrgedl . P- fa%&imrrmas of repeats: there are
14- 41 NANP ap i hdde1 N@780)Tor @paah suEfidibe: grddeet it it S@l ates and 4 NVDP

SEQ I D NO311).  LERGALS 1e L dSOLRO 27 NANP repeats, a
f:l uster of b%ﬂg %g&% £e2§téésas onhﬂ@g@ sggidq;?eBNI\/%%%eéeat - Thg
|0

ENANANNAVKNRE So65 1 |9nfx|0“3125° sehjgEndeigiite imize codon

usage by altering the nucleic acid content of the
antigenic determinant in the viral-based vector, without
15 altering the amino acid sequence thereof. For this, the
replication-defective recombinant viral vectors according
to the invention have an adenine plus thymine content in
the heterologous nucleic acids of the present invention
of less than 87%, preferably less than 80%, and more
20 preferably less than or equal to approximately 59%. Based
on codon-usage in human and the aminoc acid content of the
CS genes of P,falciparum and yoelil, the percentages of
the codon-optimized genes were even lower, reaching
approximately 45% for the amino acid content as disclosed
25 by the present invention. Therefore, as far as the CS
genes are concerned it is preferred to have an adenine
plus thymine content of approximately 45%. It is to be
understood, that if another species than humans is to be
treated, which may have a different adenine plus thymine
30 concentration (less or more than 59%), and/or a different
codon usage, that the genes encoding the CS proteins of
the present invention may be adjusted to fit the required
content and give rise to suitable expression levels for

that particular host. Of course, it cannot be excluded



downstream of the repeats nentioned above, was found to be reasonably
conserved between strains. - The Th2R regi on and t he i mmunodom nant CD8

epi tope 20 (Lockyer et al. 1989; Zevering et al. 1994) : a single
consensus s éﬁ pat differs in sone respects fronrtqQ%ﬂﬁﬁ%ﬁﬂﬁohpomn

and frequent use | ab-strain 3D7 sequence was determ ne Sequence
i's sonetines referred to as the “universal 25 epitope' in literature (Nardin

et al. 2001). - The region 2, overlapping with the Th2R regi on, renai ned
conserved. - The TH3R region, which is considered to be a |l ess inportant
CDB epitope, is used in the formgf a 30 consensus sequence, since only
poi nt mutations were found. - The Ctermnal 28 am no acids, which

constitute a GPl signal anchor sequence, that is inefficient in manmalian
cel I's (Nbr SAthed TAF ALichygagngeskh Aot B #FBES 187 PCT/ EP2003/ 051019 24
hydr ophobi Glighti é:gekésiice Seevehasges Bt dbfferamnbesrephianathor. The gene was

construct e@ré&éCQrédﬂétthtehﬁoﬁﬁ’G()'ﬁ 1§%§1§£¢@8%e‘3§&e?§tc{oan&\é€d but al so | eaving
a 5 conparison of

open the po remai nin QWS
the anti ger?lliq%ttyc %%Iéﬁo erﬁlgﬂbs’éqif ?ea"csarlf‘?]l“ﬁ&dg f¥S 1ength CS versus
t hose expr @sfriongcid heaysner oif ntheebrsteths, nthaiers@Pentiggnaleyanchor sequence. In

fact it ha?dibﬁ&”acﬂﬁ&@fﬂg@?d A hathes& Y ded Gontdi@s Ge sd:@nal sequence from a
CS DNA vacci ng t(aggegn ir)r%ucti on on i mMmune response against malaria

i nfection i°%F ¥ ro ofer et al. 2001). Substitution Sto A at

position 373: thrs am no acid substitution was introduced to elimnate a
potential 15 glycosyl ation si EgaMeee®Hgni zed by manmal i an cells. Since the
mal ari a;arasite residue usage (87% A and T) is significantly different

from that ol LHe 1OUBedlP'S"Sie HSaHES 3504109 the newly designed CS

circumsporozoite synthetic gene.
Comparative studies conducted with DNA vaccines

based on native and codon-optimized genes encoding

15 merozoites proteins of P.falciparum have indicated a
direct correlation with expression levels and
immunogenicity (Narum et al. 2001). A new sequence of the
gene encoding the Plasmodium falciparum circumsporozoite
(CS) protein was designed. Studies on populations of

20 malaria parasites obtained from widely separated
geographical regions have revealed the presence of CS
sequence polymorphism. The new P.falciparum CS sequence
was assembled by alignment of the different available
protein sequences present in the GeneBank database

25 (listed in Table I). First, all the different sequences
were placed in order of subgroups based on global
location or by lab-strain where the isolates originated.
All CS complete or partial sequences were used in order
to identify variation between the different geographical

30 areas and identified lab-strains. The final amino acid
consensus sequence determined was thoroughly examined.
The inventors of the present invention subsequently
adjusted this consensus sequence and to have a new CS

gene synthesized (Fig. 1). The novel amino acid sequence



20 was codon-optim zed in order to inprove its expression in manmalian
cells, taking care of the follow ng aspects to avoid cis-acting sequences:
no premature poly(A) sites and internal TATA boxes shoul d be present;

Chi -sites, x?bl%&ﬁﬁgﬁ%7 entry sites and AT-rich sequence Clﬂﬁ&%&qg%?m?&ou' d be
e

avoi ded; no (cryptic) splice acceptor and - donor sites shou present;
repetitive sequence stretches should be avoided as nmuch as possible; and
GC- rich sequences should al so be avoi ded. The final codon- optim zed gene
is showmn in Fig. 1B. 30 The new y desi gned CS consensus sequence was

synt hesi zed and cloned into pCR-sgript (Stratagene) by GeneArt (Regensburg,
Germany), using nethodol ogy known to persons skilled in the art of

synt heti c DNA generatjon, WO 2004/ 055187 PCT/ EP2003/ 051019 25 giving rise
to a cl one ‘RaffodR 02 138 (HCARE AP IS5 PFItetSBerPad t4& 1). Next to this

synt heti c cisperts Histeheeleynthet Netegehas was-gemtrwd ed, wherein a nunber of
nmut ati ons were 5 introduced in the 3' end, to obtain an am no acid sequence

that is identical to the P.falcigarumCS‘ﬂ?rotein of the 3D7 strain, which

is deleted i tHE YA8t™Pa! f1ept) SePEhe (EBHG® 19 fiFecyene was al so

codon- op¥ i m zedhasimgein he anemdpplpenkd gesicatumeserlebed above and
subsequent |y 1Qnsydxgbesi zed and cloned into pCR-script (Stratagene) by
GeneArt. The cl one _was, naned 02- 659 f-aa-sub) (SEQ ID NO 4). Exanple 2.
Codon- opt i m ZatTBriGf b%%én%ipfﬁiﬁ?ﬁpad'\iggﬁcf% ‘313")%9&@08‘?“1 he rodent-specific
mal ari a par asi tag Rgdsaddi(eradoyigebt iB-c¢ldl epitarepert es t hat have been adapt ed

to robust rodeBhsdmEe) Thesdiche aseR bafughais andi1Bstyoel ii, have been

povverfu&otool sufngl( nl g ntification and testing of malaria 20 candi date
vacci nes. Sincé nrectivi ty of P.yoelii sporozoites resenbles that of

P. fal ci parum- i& nypbsr feceriadst dhempekarqide-Gf NaNPe (FEQydR| i i nodel for
exenplificati omoefo)t beperapal thd Wi ferd@d3DsaiacdObrid 4 NvDP
(SEQ ID NO:11) repeats. It was chosen to incorporate
27 NANP repeats, a clustexr of 3 NVDP repeats and one
15 separate NVDP repeat.

- The ENANANNAVKN (SEQ ID NO:12) sequence directly
downstream of the repeats mentioned above, was found
to be reasonably conserved between strains.

- The Th2R region and the immunodominant CD8 epitope

20 (Lockyer et al, 1989; Zevering et al, 1994): a
single consensus sequence that differs in some
respects from that of the known, and frequently used
lab-strain 3D7 sequence was determined. This
sequence is sometimes referred to as the ‘universal

25 epitope’ in literature (Nardin et al. 2001).

- The region 2, overlapping with the Th2R region,
remained conserved.

- The TH3R region, which is considered to be a less
important CDB epitope, is used in the form of a

30 consensus seguence, Ssince only point mutations were
found.

- The C-terminal 28 awmino acids, which constitute a
GPI signal anchor sequence, that is inefficient in

mammalian cells {(Moran and Caras, 1994), and not



carrying codon-optimze CS proteins to provide sterile 25 imunity and
therefore protection against nalaria infection. The P.yoelii CS gene,

encodi ng for residues 1- 356 as previously described (Rodrigues et al.

1997), was wodnwoesspss m zed usi ng the sane provisi ons aspdeserdokesdoisabove
and synt hesi zed by GeneArt (GrbH Regensburg, 30 Germany) . The sequence of
the codon-optim zed P.yoelii CS gene (plasmd 02-149) is depicted in Fig.

3. Exanple 3. Generation of reconbinant adenoviral vectors based on Ads. WO
2004/ 055187 PCT/ EP2003/ 051019 26 RCA-free reconbi nant adenoviruses can be
generated very efficiently using@d4adapter plasm ds, such as pAdApt, and
adenovirus plasm d backbones, such as pWe/ Ad. Afl11- rlITRsp. Methods and

t ool s have beepg Q@gggﬂlge& %;@}stygg%e aflassuhes e;ne(nygngw 00326, WD 99/ 55132,
WO 99/ 64582, 00/ 70071 adapter plasmd

cont ai ni ng t he ?‘?heiﬁs ReIBF ‘ﬁft 8?’?§fuﬁ%ﬁdtsh’8]gcfé§? r%lﬁ hé’gﬁr essi on cassette is
di gested with sedqueats saprbeymemeved by @dse Heaviagoerenneh®t adenovi rus sequences
fromthe 10 pl asmidimegt@fr rbakben @restnfl raid Wi1dvWieaadenovir al

conpl erre!"a“ ati O r%ﬁgl?gg op\&jepgct'b%lnlcig LJB% er%o%r:.g.}«I @gét%gs with suitabl e

enzymes to free’the adenovirus s S Tromthe vector plasmd DNA The
cl oni ng of thecgERérericEifindgerdrd ESVHisye SAST CEPTESELRP. yoel ii parasite into
pl PspAdapt | washeetborinedelased fial fhewsel Plgasmadchd 149 (GeneArt, see above)

containing the.gaden oRtiitzR0n{SplaN Gedlaindd OFN ngwa&h Hndlll and  BanHi
n

restriction enz fragnent correspo to the P.yoelii CS

gene was i sol af’chhFr(Eﬁﬁ ?f?“&éa?e@%“c@efm&nﬂ CFi 4t wfciee H| ndl 11 and
BanH - diggest ed eniginPsp Addpttlion et bmupe @sepdnbechorimsfD 99/ 64582) . The

resul ting pl as%ﬁr‘ﬂ@%n@@é@.@npﬁﬂilQJen%-(Wﬁbl@}gr%ﬂgﬁj ns the CS gene under
the transcri pti, 8@3 control of full [length human i medi ate-early (IE)

cyt omegal ovi rus 25 pronoter and a downstream 5V40 pol y(A) signal. The
cloni ng of theSgeatétericndi rtg & lae Haglhitionedygt thES amino acid

substitution was introduced to eliminate a potential

15 glycosylation site recognized by mammalian cells.

Since the malaria parasite residue usage (87% A and

T) is significantly different from that of the Homo
sapiens, the gene encoding the newly designed CS protein

20 was codon-optimized in order to improve its expression in
mammalian cells, taklng care of the following aspects to
avoid cis-acting sequences: no premature poly(aA) sites
and internal TATA boxes should be present; Chi-sites,
ribosomal entry sites and AT-rich sequence clusters

25 should be avoided; no (cryptic) splice acceptor and -
donor sites should be present; repetitive sequence
stretches should be avoided as much as possible; and GC-
rich sequences should also be avoided. The final codon-—
optimized gene is shown in Fig. 1B.

30 The newly designed CS consensus sequence was
synthesized and cloned into pCR~script (Stratagene) by
GeneArt (Regensburg, Germany), using methodology known to

persons skilled in the art of synthetic DNA generation,



protein fromP.fal ciparum parasite into pl PspAdaptl was perforned as
follows. Plasmd 02-148 pCR-script.Pf (see above) containing the codon
optim zed CS gene was 30 digested with Hindlll and BanmH restriction

enzynes. Thyglen gf ragment corresponding to the CS geng. i ed
from agar ose ge? /gkﬁ ligated to H ndlIl and BanHl - di gestea"%?gsfgg}aggptl

vector. The resulting plasm d was nanmed pAdapt.CS. Pfalc and contains the CS
gene under the WO 2004/ 055187 PCT/ EP2003/ 051019 27 transcriptional control
of full length human i medi ate- early (IE) cytonegal ovirus (CW) pronoter
and the downstream SV40 pol y(A) signal. The cloning of the gene encoding
the CS P.falciparum 5 protein mnus the GPl anchor sequence thus with the

del etion of the last 28 am no aci ds i nt o_pl PspAd was perfornmed as
fol | ows. A9LViPIKBisecE? fr sirentamra25H ‘?cheacr"l%lPré pi%smi d 02- 148 as
tenpl ate, wbt¥p:0he priners Forw Falc (5 -CCA AGC TTG CCA CCA TGA TGA GG 3')

(T ggQSI;D (12, NO: 1{3% %Gdtﬂigvsfrﬁk&lgscl%%e,( AnotHels dpndeed e CAG ATC TTC  TTC

E esi zed by nvitrogen. For the
PCR, the eﬁg rﬁ?nﬁ\&e fﬁ “n%rng’\a%er fﬁ‘ﬁ‘baqfl?%s H°T¥ agnostic) was used, while
t he fol I%V\nlﬁgrodp?@gllfarﬁhﬁ/a%’ &pﬁ'l |teOPbtiifty%Ia@1’@ff agidrin at 94C, 1 nmin at 15
50C, 2 m n s3Queneé takt AACiadntey4l €5 thé B raldipatumdddCprdreigi N at 50C, 2 mn 50

secal 72C.:20. 048] S8l LR 3G (J SLNGE SiG2 M 5O sec at 726

and 1 cycle 10 min at 72C. The
anplified PGRiSpr‘B’cﬂJCF’ wﬁgiﬁjlgg%t"’éﬂ kP FOEMEODH MR BFHIG on enzymes Hi ndi | |
and BanH and daheprelixieds asnaacpiﬂaﬁpMa@tahadvdweénmslsal so digested with

Hi ndi || {@n I | ed
1@Ndyn aﬁ‘@@ﬂed Ihe c&&‘rﬁe‘d Mt%gpc& Qéiég (‘é@a?‘atQGédegnﬁ% transcripti onal

pAdapt . CS. and cont ai ns ene under

control of Gﬁﬁ?ﬁr reTrl?ﬁt"th?ﬁr?ﬁ'? P?‘H‘?Qa‘? P%gi 3artY’ (18R Wt onegal ovirus (W)
pronoter am@:the downstream SV40 pol y(A) signal. The cloning of the gene
encoding the CS P.fal ci parum protein mnus the GPl anchor, thus with the
del etion of

Example 2. Codon-optimization of the circumsporozoite
15 gene of the rodent-specific malaria parasite Plasmodium
yoelii.

Malaria species that have been adapted to robust
rodent models, such as P.berghei and P.ycelii, have been
powerful tools for identification and testing of malaria

20 candidate vaccines. Since infectivity of P.yoelii
sporozoites resembles that of P.falciparum, it was
decided to make use of the P,yoelii model for
exemplification of the capability of Ad35 vectors
carrying codon-optimize CS proteins to provide sterile

25 immunity and therefore protection against malaria
infection. The P,yoelii CS gene, encoding for residues 1-
356 as previously described (Rodrigues et al. 1997), was
codon-optimized using the same provisions as described
above and synthesized by GeneArt (GmbH-Regensburg,

30 Germany). The sequence of the codon-optimized P.yceliil CS
gene (plasmid 02-~149) is depicted in Fig. 3.

Example 3. Generation of recombinant adenoviral vectors
based on AdS.



30 the last 14 am no acids, into plPspAdaptl was perforned as follows. A 1.1
kb PCR fragnment was anplified using plasmd 02-148 as tenplate, wth the
prinmers Forw.Falc (SEQ ID NO:13) and Rev.Falc.CS-14 (5'-CCG GAT CCT CAG CTG
WO 2004/ 055337 2348455472003/ 051019 28 TTC ACC ACG TTG 3') pcPER2d0Bod¥eiol5) -
Primers were synthesized by Invitrogen. For the PCR, the enzyne Pwo

pol ynerase (lnno-train Diagnostic) was used, while the follow ng program
was applied: 1 cycle of 5 minat 5 94C, 1 mn at 50C, 2 mn 30 sec at 72C, 5
cycles of 1 mn at 94C, 1 min at 50C, 2 min 50 sec at 72C, 20 cycles of 1
mn at 94C, 1 min at 54C, 2 min 5§ sec at 72C, and 1 cycle of 1 mn at 94C,
1 mn at 54C, foll ovved by 10 mn at 72C. The anplified PCR product was 10

digested with ric 40 I and BanH and then cl oned
into pl PspAdapHgﬁ fIrrs c° l g%/nﬁrxe ?léd% + derﬁaﬁ%u The resulting

pl asm d wag'edegfﬁwa%fdy ﬁmap%daesewlaaseédmiucanas ®dMrti-ns t he CS gene under
the transehdplemsvakus @nisgnal Bickbotlek, |seaytab pvwraa neprwdi ate 15 early (1 E)

cyt omegal ovhidly, (eMidadd LAIRLETs AL BOS o %ﬁra@e&@@éi?pol y(A) signal. The

cl oni ng of ene rum grote n mnus the GPI

n the
anchor , ﬁf%@%ﬁg (§O (97(%9%% di° %%/sg}eﬁue"??céga% P41 'Re 3D7 strain, into
pl PspAdapt 007 ®0The NP AYOB80293 - faenkridy, Phasdrpte®@2p1@58idpf - aa- sub (see above)

cont ai ni ng cromlﬁprdoeném&smgéed o@slrﬁef&ti :511 dhgestadq with Hndl Il and BanH

restriction_enz rres ond| to the CS gene is
ligated to ef%relgl¥h°d’l F?ssgﬁde I%ﬁn‘lﬁlgeﬁ’f d B %% S:gct or. The resulting

plasmid is fd%ltgﬁafﬁe@‘bﬂlkd@p?d@vﬁuél Ee%ﬁlﬁceaafms‘uﬁ}e and contains the CS gene
under te tpnmaarde@twmaékboaentsﬁﬁilaeiy,f tikd ahmglﬁlhurmn i mredi ate-early (IF)

cyt onegal ow%é]i%m% g}%/lorp Qgﬁ%gr d, thedovwns 3 %i%gﬁﬁe 30 poly(A) signal.

The gener atr VI rus na CS. Pycel was perforned
as fol | ows Wipngaptabes epgwegs VszeMPeediwwerﬁmeﬁ 051019

from the vector plasmid DNA.
The cloning of the gene encoding the CS protein from
15 P,yoelli parasite into pIPspAdaptl was performed as
follows. Plasmid 02-149 (GeneArt, see above) containing
the codon optimized CS gene was digested with HindIIXI and
BamHI restriction enzymes. The 1.1 Kb fragment
corresponding to the P.yoelii CS gene was isclated from
20 agarose gel and ligated to HindIII and BamHI-digested
pIPspAdaptl vector (described in WO 99/64582). The
resulting plasmid was named pAdapt.CS.Pyoel and contains
the CS gene under the transcriptional control of full
length human immediate-early (IE) cytomegalovirus (CMV)
25 promoter and a downstream SV40 poly(A) signal.

The cloning of the gene encoding the full length CS
protein from P.falciparum parasite into pIPspAdaptl was
performed as follows. Plasmid 02-148 pCR-script.Pf (see
above) containing the codon optimized CS gene was

30 digested with HindIII and BamHI restriction enzymes. The
1.2 kb fragment corresponding to the CS gene was isolated
from agarose gel and ligated to HindIII and BamHI-
digested pIPspAdaptl vector. The resulting plasmid was
named pAdapt.CS.Pfalc and contains the CS gene under the



29 was digested by Pact restriction enzyne to release the left-end portion
of the Ad genone. Plasm d pWE/ Ad. Afll1- rlITRSp containing the remnaining
right-end part of the Ad genonme has a deletion of 1878 bp in the E3 region

(Xbal 5 del ‘%@6?%1/055]_@ s construct was al so digested w thpRagh2003/051019
pAdapt . CS. was separately transfected with Pact digested

pVEE. Ad. Af | t I -rl TRsp into PER-E1B55K producer <cells (cells have been
described in WO 02/40665) using |ipofectam ne transfection reagent
(I'nvitrogen) using 10 nethods known in the art and as described in WO

00/ 70071. Honol ogous reconbi natign between overl appi ng sequences led to
generation of the reconbi nant virus named Ad5AE3.CS.Pyoel. It is to be
understtod that Ads sed v ctor $9 be .produced on PER C6" cells,
which 15 cetlrims“:é?‘dC Pepr SSEHP a"fbfu lh ené’g’ é‘m?f’ep%é‘?‘{jgﬁe “under ECACC no.
96022940 (%@mb@ﬂ)e?ﬁ%eahdenwl(@ﬁ’l) REoBeEHr, afidntkg ude | ysates, resulting
fromthis tdoanskest so4o %I)G(AW&QHQJ_ purified using nmethods known to persons

skilled in the aé‘rctlo?ﬂg“ qu,_{l ge&cg\&rg &Q éﬁgalc%a}vﬂe presence of'the 20

CS transgene an arge-sc ctionin triple-Ilayer
f1asks ( xf’?SteéﬁﬂlF‘F%lsW G@pé?\cr’&ﬁpﬁq?’r‘tfﬁt |tt75‘HS “&H’I‘%‘eare harvested at full
CPE and t helevétrins dfStizunbft ed aniyo actaw- sntteppBepidaptChiasr i de (C5C )

purificati %rmrgs@wf‘olasw; Ot neky reP e fient NRSCanpitdegd in the art 25 and
general ly as 02/ 40665. The gener ation of the reconbi nant

virus named®? ’)%IB}CA %é’zl-"f"éﬁ ES TP aetrefo"?"ﬁﬁd: PFBFfows. pAdapt.CS.Pfalc was
di gest ed byoPafRle déthCétAQmT%WMC%\cTGAeWCéa%Qﬁfhe(SEQeTTDt-end portion of the

Ad genone. ok Mhih QM\EJEAdc/&sLst 36" socFRap e@néad Bhd@rt hercr emai ning ri ght - end

part of th ggno h | efion of 1878 in the E3 regi on ( Xbal

del etion). eﬂfﬁldrs?c'c%r’ls?&t?c?ﬁ @I s%)r a'er edSth%E 1|5acl pAdapt . CS. Pfal ¢ was
t ransf ect ednwiirﬁg@ac?mﬁltﬁﬁﬁcéd thﬁVE’ZJﬂEF RW‘P P2 rHO?meﬁaF?lt o PER-E1B55K producer
cel | s usi ng(IW¥R-2044/ Ohfwh8stikRCTudsPR24a3/ 51O 1t8e £3M1dvwipef ect am ne transfection

reagent. H%”QJ_zrag vvass applied: 1 cycle of 5 min at 94°C, 1 min at

15 50°C, 2 min 30 sec at 72°C; 5 cycles of 1 min at 94°C, 1
min at 50°C, 2 min 50 sec at 72°C; 20 cycles of 1 min at
94°C, 1 min at 54°C, 2 min 50 sec at 72°C; and 1 cycle of

1 min at 94°C, 1 min at 54°C, followed by 10 min at 72°C.
The amplified PCR product was digested with the

20 restriction enzymes HindIII and BamHI and then cloned
into pIPspAdaptl which was also digested with HindIII and
BamHI. The resulting plasmid was designated
pAdapt.CS.Pfalc(-28) and contains the CS gene under the
transcriptional control of full length human immediate-

25 early (IE) cytomegalovirus (CMV) promoter and the
downstream SV40 poly(A) signal.

The cloning of the gene encoding the CS P.falciparum
protein minus the GPI anchor, thus with the deletion of
30 the last 14 amino acids, into pIPspAdaptl was performed
as follows. A 1.1 kb PCR fragment was amplified using
plasmid 02-148 as template, with the primers Forw.Falc
(SEQ ID NO:13) and Rev.Falc.CS-14 (5’/-CCG GAT CCT CAG CTG



reconbi nati on between overl appi ng sequences led to generation of the
reconbi nant virus naned AdS5AE3.CS. Pfalc. The adenoviral vector, in crude
| ysates, 5 resulting fromthis transfection was plaque purified using

met hods knowmotm4pssisons skilled in the art. Single plagporEpeesssanml yzed
for the presence of the CS transgene and anplified for |arge-scale
production in triple-layer flasks (3x175 cnR/flask). Cells were 10
harvested at full CPE and the virus was purified by a two-step CsC
purification procedure as routinely done by those skilled in the art and
generally as described in WO 02/#0665. The generation of the reconbi nant
viruses nanmed 15 AdS5AES3. CS. Pfal c(-28) and AdS5AE3. CS. Pfal c(-14) was

performed agcfQlcl £ rrRARPLszES I héd16{ - 28imer8d,erBAdapt . CS. Pfal c(-14) were
separately dlggsted g¥ acL res%rl q eﬁﬁgne to rel ease the left-end
portion of A SS A G BRI TS5 R i 8r%E7\E/RB |51 B¥p cont ai ni ng the 20
renmai ni ng riNghrolgnerapear {Inpé-trhtn Afagresivied MSU%@dde‘ﬂétlﬁon of 1878 bp in the
E3dr egi on (esblac&old&he@i Siidyram Was apgspmt rlllJG{(rcl\é’axSf al 80, dt gest edI with Pafcl o
pAdapt . CS. Alc apt 1 eparately transfecte
with Pa((::? ggcésﬁe’%fn %KE%R% A?AI P‘ # ‘T??sﬁg -fr?t g WEinggKPZS producer cells
usi ng | i pofreéatarpsfe, tI MSfae:ctWon x shyéntaec Hompicogius reconbi nati on between
over | appi ng sequ enera r.ec, i nant viruses naned
respectivel ﬁ’cg&*s E ?“() 85“l an%i 5%\3“5,6\% &s&g? (‘ 14) . Adenoviral
vectors in ®@udend ysa\tcas eleguhin ag Mienl 3@ntdre84Ct ransf ections are pl aque
purified us* Eg?Jggtﬂp% nikNEMV 0 per %ﬁselal lL(!Regrddﬂc’EBv% art. Single plagques

are analy or the presence of th transgene an nplified for

| ar ge- sé%l edlﬁ?ﬁfelc‘ﬁténﬂi%r?fr‘irﬁF"emPa‘SPéYmesf F%E%I @B%PP&HEWQ/ flask). Cells are
har vest ed adndftHeh RBhed\An2OPiLFHAFLA PGEEH &R0 @btH019 31 and the virus is
pur i fied Dyt 0as SRl ChPYEdLEA! Ok &f 99%@9£&3@§dr0ut' nel y done by

t hose skille art and general escr i In WO 02/ 40665.
PAdapt.CS.Pfalc(-14) and contains the CS gene under t

transcriptional control of full length human immediate-
15 early (IE) cytomegalovirus (CMV) promoter and the
downstream SV40 poly(A) signal.

The cloning of the gene encoding the CS P.falciparum

protein minus the GPI anchor, displaying a C-terminal

20 sequence as in the 3D7 strain, into pIPspAdaptl is
performed as follows. Plasmid 02-659 pf-aa-sub (see
above) containing the codon-optimized CS gene is digested
with HindIIT and BamHI restriction enzymes. The 1.1 kb
fragment corresponding to the CS gene is ligated to

25 HindIII and BamHI-digested pIPspAdaptl vector. The
resulting plasmid is designated pAdapt.CS.Pfalc (pf-aa-
sub) and contains the CS gene under the tramnscriptional
control of full length human immediate-early (IE)
cytomegalovirus (CMV) promoter and the dqwnstream svao

30 poly(A) signal.

The generation of the recombinant virus named

Ad5AE3,CS.Pyoel was performed as follows. pAdapt.CS.Pyoel



The generation of the reconbinant virus named 5 Ad5AES3. CS. Pfal c(pf-aa-sub)
is performed as follows. pAdapt.CS. Pfal c(pf-aa-sub) is digested by Pacl
restriction enzynme to release the left-end portion of the Ad genone.

Pl asm d pWE/WO 28(4/05518T7 | TRsp cont ai ning the renaining ri gluyEmaeb3psiote of t he
Ad genone is also 10 digested with Pact. pAdapt.CS. Pfal c(pf-aa-sub) is
transfected with Pacl digested pWE. Ad. AflIl-rlTRspAE3 into PER C6" or

PER- E1B55K producer cells using |ipofectam ne transfection reagent, or by
ot her means such as el ectroporation or other transfection nethods 15 known
to persons skilled in the art. Ho#bl ogous reconbination between overl appi ng
sequences leads to generation of the reconbi nant virus naned

Ad5O|E§_- CS. ]Bfaal&tgeéﬁﬁ‘@ﬁ?agb)rfggﬂ%p%el&ﬁ%é alb y@f@&% thé N crgge I%/ﬁa& esi(
resulting fromthis transfection is ue .pur i ng met hods known
to persons Jéa%?]ﬁngopﬁr LPh&T oY e.%;igﬁ%?mg'apgfsa“&ue%he{%‘gg‘ggﬁ yzed for the presence
of the CS ty@aRsryeprtaining brfplprdiadng stghtaengeraxtabe Yhecdtlction in

triple-layefencdd asks (Selit obdbagk)n teele3srayion h@byested at full CPE and
the virug i rifi V. - P . rifi.catd 25 procedure as

routi nel §/ oerllg&t?b{'t ﬁgég CSOE?%I\I&%GI%%% atﬁ%éqal??&egnﬁ‘%geﬁna%?él |y as described in WO
02/ 40665. NePEEPY-§S tRyask YaF GteBatAtesy grérateshoritdf Pae control reconbi nant
adenovi r us digesedAGEAKB. AENP-rITReD DabrPEREEIBIGK pasdwbescri bed above, using as

adapt er the,pl aSELA PAUAAPLeen 30sdrdftdd DO wB d2/20GQEE NGO 2004/ 055187

PCT/ EP2003/ 051019 32 tExan%Id%A Gener at | 8{1}: of reconbi nant adenovir al

vacci ne vecPBrStBESE SRS R3A" A%P9%PE t IIH T BEE PR FRagnent cont ai ni ng t he
Ad5 pl X10 prestrhedsr kfawacirethé et @909 g6d@)ibedasn goneg/deett.with the 5 priners

(SV40f or (5 ndwbBgbtdl rAd&ablid ib6AetidenCIRriappihg (s3Fa2dchs ;\IO( 16) and pl XS;?m‘ eh
5'-CTC TCT. TTG AT TAC_ATA ACGA.CC 3 SEQ I D NO; 17). The
reaction \A}aesgoﬁpoﬁ%nevﬁg?%nﬂ%ﬁ%%ﬁéﬁéﬁ/ﬁ%@agguasc%%égi ng to mnufacturers

i nstructi orfsiSHER- Ci Byle BOLTDMSBOEP rhet trslef$tyqyl that AdS-based

vectors can also be produced on PER.C6™ cells, which

15 cells are represented by the cells deposited under ECACC
no. 96022940 (see above). The adenoviral vector, in crude
lysates, resulting from this transfection were plaque
purified using methods known to persons skilled in the
art. Single plaques were analyzed for the presence of "the

20 CS transgene and amplified for large-scale production in
triple-layer flasks (3x175 cm?/flask). Upon amplification
cells are harvested at full CPE and the virus is purified
by a two-step Cesium Chloride (CsCl) purification
procedure as routinely done by those skilled in the art

25 and generally as described in WO 02/40665.

The generation of the recombinant virus named
Ad5AE3.CS.Pfalc was performed as follows. pAdapt.CS.Pfalc
was digested by Pacl restriction enzyme to release the
left-end portion of the Ad genome, Plasmid pWE/Ad.Afl1II-

30 rITRsp containing the remaining right-~end part of the Ad
genome has a deletion of 1878 bp in the E3 region (Xbal
deletion}. This construct was also digested with PacI.
pAdapt.CS.Pfalc was transfected with PacI digested
PWE.AG.Af1IT~rITRsp into PER-E1B55K producer cells using



10 m x. pAdApt was used as a tenplate. The programwas set as follows: 2
mn at 94C, 30 cycles of: 30 sec at 94C, 30 sec at 52C and 30 sec at 72C,
followed by 8 mn at 72C. The resulting PCR fragnment contains the 3 end of

the SV40 polyoAespigppl from pAdApt and the Ads-pl X 15 pr@%"éﬁﬂf’ﬂ?@”” as

present in Genbank Accession nunber Mr3260 from nucl eoti

nucl eotide 3586 and an Mel site at the 3' end. A second PCR fragnent was
generated as described above but with priners pl X35Fnfe (5 -CTC TCT CAA TTG
TCT GIC TTG CAG CTG TCA TG 3') (SEQ 20 ID NO 18) and 35R4 (for reference to
the sequence of the 35R4 priner,,see WO 00/70071) . pAdApt351P1 (descri bed
in WD 00/70071) was used as a tenplate, the annealing was set at 58C for

30 sec and the el ongation of the PCR grogram was set at 72C for 90 sec.
This PCR prioRegarEi8aperiests ArEs s e foHCE¥ St r om nucl eot i de 3467 to
nucl eot i de #%6Gdindtseyueneesmurdhdrpmgy a@qrencD 186/ 40071) and adds an M el

site to theelera®ish oBaiHR P‘ggm]g{r@gmh% \A&ﬁe% d| gested wwth Mel and purified
usi ng the %\dﬁ&en PCRefurl ication kit (Q n). Approxi mate equi nol ar

amount s of 3 Gty P50 F-r AreARYE e VRREBY iﬁ %F“PFg]é’tsF'%ﬁ?'r eaction. Fol | owi ng
an i ncubatdeswlitdfig tfwom tolls Srandfecticgase prryewuchfiede correct buffers, at

room t enpergyy gouddle Mol WoCpdBtnd 3EAds o AN aPOREORA GOl and the DNA

fragnents of were isolated with the Geneclean Il kit (BI0101?

I nc) WO 200’4?@%?81‘897“3 gEF”Z’Oé%‘] (B3 Pre°e43 °fh%hepﬁ§| fied DNA was used in a PCR
anpl i fi cat i wAnggeae taind rempii filedpfarmmbage ¢4l produsdi@bR4. The PCR was done as

descri bed ahoye-Ydjh ﬁ@sﬁgngghmgmq/gmg@; aTcgj[ﬁ Q;n_BZC and an elongation tine

of 90 s The resul tj duct rom gel using the Q agen
gel ext r?(glcthlaﬁ‘ﬁeslge érlqdclt?l;gEgs?&(jfh v\iﬁu %T pur BGH @ The resulting 0.86 kb

fragnent compaiteP risct rmlreémlteqreplwdvmcﬁ%epvﬁ@eby )éomplbarmt er formAds, the
Mel site andsd BeijkeX {@REhe (it agaeqineMiel -adgadscriveal idiwog t he ATG start
site) fromg0,Ad35, but wthout a poly(A) sequence, was isolated from gel

usi ng the Genecl ean |1 kit.
The generation of the recombinant viruses named

15 AA5AE3.CS.Pfalc(~28) and AdSAE3.CS.Pfalc(-14) was
performed as follows. pAdapt.CS.Pfalc(-28) and
pAdapt.CS.Pfalc(-14) were separately digested by PacI
restriction enzyme to release the left—-end portion of the
Ad genome., Plasmid pWE/Ad.AflII-rITRsp containing the

20 remaining right-end part of the Ad genome has a deletion
of 1878 bp in the E3 region (Xbal deletion). This
construct was also digested with PacI. pAdapt.CS.Pfalc(-
28) and pAdapt.CS.Pfalc(-14) were separately transfected
with Pacl digested pWE.Ad.AflII-rITRsp into PER-E1B55K

25 producer cells using lipofectamine transfection reagent.
Homologous recombination between overlapping sequences
led to generation of recombinant viruses named
respectively AdSAE3.CS.Pfalc(~28) and AdS5AE3.CS.Pfalc{-
14) . Adenoviral vectors in crude lysates resulting from

30 these transfections are plaque purified using methods
known to persons skilled in the art. Single plaques are
analyzed for the presence of the CS transgene and
amplified for large-scale production in triple-layer
flasks (3x175 cm®/flask). Cells are harvested at full CPE



RCA- free reconbi nant adenoviruses based on Ad35 can be generated very
efficiently using adapter plasmds, such as pAdApt535 (described bel ow) and
adenovirus 15 plasm d backbones, such as pWE/ Ad35. pl X-rl1 TRAE3 (described in
WO 02/ 40665y 2h6u/@s13er at e pAdApt 535, pAdApt 35. Luc ( descPCTERROPINSLY
00/70071) was digested with Bglll and Agel and the resulting 5.8 kb vector
was isolated fromgel. This fragnent was |igated with the 20 isolated 0. 86
kb Bglll-Agel fragnent containing the Ad5- Ad35 chineric plX pronotor

descri bed above, to result in a plasm d naned pAdApt 535. Luc, which was
subsequently digested with Bglll 3and Apal. The resulting 1.2 kb insert was
purified over gel. pAdApt 351 Pl was digested with 25 Bglll and Apal and the

3. 6-kb vectgyy iﬂeagm@tlsﬂ@%rm%el%; @otwev&@pgﬁbl gﬂrgﬂaa%rpf the 1.2 kb
Bgl Il-Apal insert fro t53 Bgl Il - Apal digested

Lu
vect or resuPPPEF YR Had dﬁ%bgl%ﬁ?%dk’cﬁe?ﬁé‘ er'né"”gncodi ng the CS
protein fromd ghePaliyeds |dep<emasqitie Y02/ 488ekapt 535 was perforned as foll ows.

Plasm d 02-149 mn&@jemgmﬂmtg@%a@@,@ﬁgn&i aﬁds Rng@el ii CS gene (see above)
was di ge§t ed w estrl ction enz %S ?g][ 22 and BanH . The 1.1 It
iSo

ragment Co’?@é@%&ﬁd‘ffﬁéc B the lﬁe‘ﬁeer 184°over WD 2004/ 055187
PCT | EP2003/ £rs2pt.8s . B4 la(pfr-azeugk|isatidestegabeda¢ld the Hi ndl il and BanHl
diAgesz §g5 pémpic'ilééén LIy E:o Taeed@stid! idve- éﬂdaﬁé‘iitdo%[fv%?f aamt d i onal
pAdap oe con ( ene under the transcriptiona
cont rol C}?%gg %Iq%ﬁ hP rrgnﬁ%gff/g%% ge?neiaﬂdtmehe downst r eam SV40
pol y(A) SI grﬂ'la.mlTiEeriGPbTﬁnﬁgPQ}F ?%éhgé\ﬁege@ﬂ%éﬁ mfsehe full length CS protein
from P. fial caqestyn pashasade i:xttaptmédmwaﬁ ¥asubpesformed as follows. Plasmd

02-148 d CS f
al o par uRETDL R A5 350 AP e SRR PR O P

P.fal ci paru rictron enZymes Hindili and
BanHl . The int2 R&R. ﬁ”agPreﬁﬁiﬁ BEGSPeqpedittengrel & MRAERICS gene  was i sol ated over
agar ose gel 1:3R€edthgniecdrdn@rédi@otlinadddn?, oansly Bawdd méligest ed pAdapt 535 vector.

The resul t'£§£h as electroporation or other transfection methods
15 known to persons skilled in the art. Homologous
recombination between overlapping sequences leads to
generation of the recombinant virus named AdS5AE3.CS.Pfalc
(pf-aa-sub). The adenoviral vector, in crude lysates,
resulting from this transfection is plaque purified using
20 methods known to persons skilled in the art. Single
plaques are analyzed for the presence of the CS transgene
and amplified for large-scale production in triple-layer
flasks (3x175 cm?/flask). Cells are harvested at full CPE
and the virus is purified by a two-step CsCl purification
25 procedure as routinely done by those skilled in the art
and generally as described in WO 02/40665.
Next to these procedures, generation of the control
recombinant adenovirus named AdSAE3.empty was carried out
as described above, using as adapter the plasmid pAdapt,

30 lacking a transgene.



pl asm d was naned pAdapt535-CS. Pfalc and contains the CS 15 gene under the
transcriptional control of the full length human CW pronoter and the
downst ream SV40 pol y(A) signal. The cloning of the gene encoding the CS

P. fal ci par uryo 2d4lEqk£i N m nus the GPl anchor sequence, %&fﬁap\%og)aﬂme
deletion of the last 28 am no acids, into pAdapt535 is performed as

follows. The 1.1 kb PCR fragnent obtained as described above using priners
Forw. Fal c and Rev.Falc.CS- 28, is digested with the restriction enzynes
Hindl 12 and 25 BanHi and then cloned into pAdapt535 vector al so digested
with Hndl Il and BanH . The resul4zing plasmd is designated

pAdapt 535. CS. Pfal c( - 28) and cont ai ns the CS gene under the transcriptional

control of _the.fu)l r t he downstream SV40
pol y(A) 30°S] nalJ erg% 'emgean%g‘e‘ﬁchlvﬁﬁcﬂ?e CS P. fal ci parum

protein mi Nﬁ%“ﬁFHé’aeF‘F °anb¢?<§r sequence now with the deletion of the last 14
am no aci ds, i atRAdRRL 58 PCR SEriéhed@ 0bhOHa18y thERERZAX03/ 051019 35

perfornedngls_or;[ogjeio( c]]e'gpgdeg? %?dgbizg]gﬁ Jéga&i(gpétegb‘hghngt as described above

usi ng pri or W. g ed with the
restri cty oRTHREG V4O AP 1 TCRATET BanFHP E%T‘?%é:ﬁz*cq ned into pAdapt 535 vector
al so di gest(eeb 15 N0i: 1 6) HinaHikbRefad (BacE2TCTTiaa mes WAt zmp pl asmi d i s desi ghat ed

pAdapt 535. @9, Rl - g.ﬂ) A@;{l(éccpr)t @gﬂgﬁn}; RE:169. @ENRUPHEr the transcriptional
control of the full g ronot er and the downstream SV40

pol y(A) si gRacone i"ﬁt]ﬂ'ﬁé' c‘?“&n??ﬁmﬁ?asﬁfé’pﬁ’edﬁégetr?codl ng the CS P.falciparum
protei n m masufiehtur€l¥ igathotigegbeneeth 8% PPE@yinngheatBalt er m nus sequence as

in the &D7 w3k hdhpti msou%de@ta‘i%énﬂlste p@mJ Qi’:&ﬁdma&sf &dd ows. Plasm d 02-659

pf-aa-sub (seg,,above) .co C t| m,z CS gene is digested 15
with Hindl I(aF Pc’l(]:i 'ﬁan?—lml(r%esqt I‘I‘(':‘.Htl on <%lzes’me ec F S%b f ragment

cor r espondifgeecoat §&°€3ngefeses aF|7da?'eé°3&16’W€¢-llbﬁd322‘2nan’Fd BanHl di gested
pAdapt 535 vietd.orhe Th€ulting PCR fragment contains the 3/ end of

the SV40 poly(A) signal from pAdApt and the AdS-pIX

15 promotor region as present in Genbank Accession number
M73260 from nucleotide 3511 to nuclectide 3586 and an
MfeI site at the 3’ end. A second PCR fragment was
generated as described above but with primers pIX35Fmfe
(5'-CTC TCT CAA TTG TCT GTC TTG CAG CTG TCA TG-3') (SEQ

20 ID NO:18) and 35R4 (for reference to the sequence of the
35R4 primer, see WO 00/70071). pAdApt35IP1 (described in
WO 00/70071) was used as a template, the annealing was set
at 58°C for 30 sec and the elongation of the PCR program
was set at 72°C for 90 sec. This PCR procedure amplifies

25 Ad35 sequences from nucleotide 3467 to nucleotide 4669
(sequence numbering as in WO 00/70071) and adds an Mfel
site to the 5’ end. Both PCR fragments were digested with
MfeI and purified using the Qiagen PCR purification kit
(Qiagen). Approximate equimolar amounts of the two

30 fragments were used in a ligation reaction. Following an
incubation of two hours with ligase enzyme in the correct
buffers, at room temperature, the mixture was loaded on
an agarose gel and the DNA fragments of 1.4 kb length
were isolated with the Geneclean II kit (BI010l1l, Inc).



resulting plasmd is designated pAdapt535. CS. Pfal c(pf-aa- sub) and contains
the CS gene under the transcriptional 20 control of the full Iength human
CW pronoter and the downstream SV40 pol y(A) signal. The generation of the
reconbi nant wonem/sased Ad35AE3. CS. Pyoel was perfornmed ag1irr2wsi0125
pAdapt 535. CS. Pyoel was di gested by Pacl restriction enzynme to release the

| eft-end portion of the Ad genone. Plasm d pWE. Ad35. pl X-rl TRAE3, contai ning
the remaining right-end part of the Ad genonme with a deletion of 2613 bp
in the E3 region is digested with Notl. 30 pAdapt535. CS. Pyoel was
transfected with Notl digested pME Ad35.plX-rlTRAE3 into PER- E1B55K
producer cells using |ipofectam ne transfection reagent. The generation of

the cell IﬂheepuEEBeﬁlﬁwsamge@%na@eﬁ%bmdcmogeﬁe Etidyn WO 02/40665. In
short, this publication descrihb 2004/ 055187 PCT/EP2003/051019 36

PER 06" cel'ft h\%?’&ergt B\ Mrhli P&ﬂs%sgﬁt épg vﬁCFH"a%c%ﬂn #9 neari sed pl G35- 55K DNA,
carrying t hies&tiBedBkoyewétinfan Fmeabiv riesreatote/pé B5C afd er which a

sel ection wnosﬁqgatqonv@ihe &438 éséic‘?"l(ﬂGdreis{ilt]iQ@ ﬁliogLK',deé:é)l onies. Further 5
cul turi ng of ﬁflattlehr?rtox? %eriuus th &f aﬂF?%eQVg"t % onies_ | resulted in stable

cell lines™t on nuner ou res sta y expr %¥¢sed the Ad35 ELB-55K
gene and ﬁiﬁﬁi’-ﬁf‘é’&tf‘h‘é?eérm HgJ&fI ri@eorsrHdne Nd85Viruses, while the
ori gi nal PHRa&iEnht c@inkaitehe ther yomphadel 100 sntleotidéOpxUpporti ng this.

Homol ogous g ecanbi AahiQn, b@.}e\l\ﬁﬁﬂ Qyt%rgﬁppﬁ@gm s$|guences led to generation of

the reconmbinant virus_ named A oel . The adenoviral vector, in
crude | ysatfeaImepedipiiadgts rlBFrJr"tdﬁF% tf“? d‘r?gfsééf? FitNad=Pt aque 15 puri fied
usi ng me¢ hodss k howvitoyses SOAS (kK éduence, nwashésolated £8mngl e pl aques were

anal yzed f Qfe1th8n rtgge@&l@cggantﬂeklgs transgene and anplified for |arge-scale
3x175 cn®/fl as em;jon anplification
0

production in tr| le-1a &
cells were har \%ﬁt%&eafe%ﬁ?jlna 3?? Y8 \1PES el rified by a two-step
CsC puri f ikeagérgnafpdoreryue€figsently using adapter plasmids,

such as pAdApt535 (described below) and adenovirus

15 plasmid backbones, such as pWE/AA35.pIX-rITRAE3
(described in WO 02/40665). To generate pAdApt535,
pAdApt35.Luc (described in WO 00/70071) was digested with
BglII and AgeI and the resulting 5.8 kb vector was
isolated from gel. This fragment was ligated with the

20 isolated 0.86 kb BglII-AgeI fragment containing the Ad5-
Ad35 chimeric pIX promotor described above, to result in
a plasmid named pAdApt535.Luc, which was subsequently
digested with BglII and Apal. The resulting 1.2 kb insert
was purified over gel. pAdApt35IPl was digested with

25 BglII and Apal and the 3.6-kb vector fragment was
isolated over gel. Ligation of the 1.2 kb BglII-Apal
insert from pAdApt535.Luc and the 3.6 kb BglII-~Apal
digested vector resulted in pAdAptS535.

The cloning of the gene encoding the CS protein from

30 P.yoelil parasite into pAdapt535 was performed as
follows. Plasmid 02-149 containing the codon optimized
P,yoelii CS gene (see above) was digested with the
restriction enzymes HindIII and BamHI. The 1.1 kb

fragment corresponding to the CS gene was isolated over



routinely done by those skilled in the art and generally as described in WO
02/ 40665. The generation of the reconbi nant virus nanmed Ad35AE3.CS. Pfalc
was performed as follows. 25 pAdapt535.CS. Pfal c was di gested by Pacl
restricti onwginglesisro rel ease the left-end portion of tRET/BERIGHITOINS.

Pl asm d pWE. Ad35. pl X-r1 TRAE3, containing the remaining right-end part of
the Ad genone with a deletion of 2673 bp in the E3 region was digested with
Not|. 30 pAdapt535.CS. Pfalc was transfected with Notl digested

pVE. Ad35. pl X-r I TRAE3 i nto PER-E1B55K producer cells using |ipofectam ne
transfection reagent. Honol ogous 34 econbi nati on between overl appi ng
sequences led to generation of the reconbi nant virus naned WO 20041055187

PCT/ EP2003/£§E&L9ge13Zn£~d§ 3 1§§tﬁ’é kaﬁdnf*ﬁdaﬁﬁﬁﬁvdlﬁélate‘éeﬁ or, in crude

| ysat es, | ti n rom |str i on.was purlfled usi ng net hods
known to pé’ﬁ*‘gﬁéz’gﬁﬁ%ﬁ r CRE té?gc p£a§mhd "% p aﬂﬁ%es were anal yzed for the
presence ofPAdaRES585-CS - Pyagh st eordadingg e |C$|q941ef1que1: dhge-scal e production in
triple-layefrafdczsfisohaX Léhe ol &4 kas kehi1 Upmhamkhfdmati on cells were

harvesteg tmmoL{Ier §P A 1ale PR -NR VAN 40\/\%3_%3 i{:h?d by a two-step CsC

purificali n procedure as routlne oSe skilled in the art and
general ly 10 aé-"hﬂe@GP%‘E?eﬂleeV@f’GZ?%@%’E thPhé‘-‘Jdeh‘é‘}géfllco% of the reconbi nant
Vi ruses nanmedteiAdSmAES. ﬁcﬁahﬁ(paz?@ltaﬁdtd\@ﬁWBQSan alc(-14) is perforned

as foll ows. JQM%Q& 835: 63 0 alpggsngg)ozapg &Rpggq L .CS. Pfalc(-14) were

separately est ed % Pact restriction ‘enz rel ease the left-end
portion of H AinAdg GBRSINEC BPEEHEY SRESRA 35 %Ig?lf: PARRE3 containing the
remai ni A9 rvaghdigestkdpeitth tie rhstrAdtigenoremessHihidjéStaed with Notl.

pAdapt 535. Ganf .akkd 12§)kbaﬁﬁhga9npee@&tg§§§1@t9f@kcés Jgéae are separately

transfected a\évi Isrglatlve%téver easrtogd ng\E dl\’:‘\S‘_MpeIdXto :; o PER- E1855K
pr oducer. oot ogous Peconbl Nat ion waen over appn ng sequences |l eads to

gener at i on ¥ FaaEbAiraHied RAGRDEES Ve°t°r The resulting

plasmid was named pAdapt535-CS.Pfalc and contains the CS
15 gene under the transcriptional control of the full length
human CMV promoter and the downstream SV40 poly(A)

signal.

The cloning of the gene encoding the CS P.falciparum

20 protein minus the GPI anchor sequence, thus with the
deletion of the last 28 amino acids, into pAdapt535 is
performed as follows. The 1.1 kb PCR fragment obtained as
described above using primers Forw.Falc and Rev.Falc.CS-
28, is digested with the restriction enzymes HindIII and

25 BamHI and then cloned into pAdapt535 vector also digested
with HindIII and BamHI. The resulting plasmid is
designated pAdapt535.CS.Pfalc(-28) and contains the CS
gene under the transcriptional control of the full length
human CMV promoter and the downstream SV40 poly(A)

30 signal.

The cloning of the gene encoding the CS P.falciparum
protein minus the GPI anchor sequence, now with the
deletion of the last 14 amino acilds, into pAdapt535 is



named respectively Ad35AE3. CS. Pfal c(-28) and 25 Ad35AES3. CS. Pfal c(-14).
Adenoviral vectors in crude |ysates resulting fromthese transfections are
pl aque purified using nmethods known to persons skilled in the art. Single
pl aques ar e woabgssisi or t he presence of the CS transgenec@eboasBiodi ed for
| ar ge-scal e production in 30 triple-layer flasks (3x175 cn2/flask) . Cells
are harvested at full CPE and the virus is purified by a tw-step Csd
purification procedure as routinely done by those skilled in the art and
general ly as described in WO 02/ 40665. WO 2004/ 055187 PCT/ EP2003/ 051019 38
The generation of the reconbi nant 3¥i rus naned Ad35AE3. CS. Pf al c(pf-aa-sub)
is performed as follows. pAdapt535.CS. Pfal c(pf-aa-sub) is digested by Pact

restricti O ARENHR 40 5 BloR@s @t NE 11 8f beeRh Rt I8P Bkatdle 5 Ad genone.
Plasm d pVWE, Ad35. gl X-1r1 TRAE3 cont ai ni n?ﬁaégga remai nj ng¥r| ght-end part of the

Ad genone | L3GFFEE1BEYE WSLRI BELTe S RFY "EF Y BB aa- sub) i s
t ransf ect edl4,wig kidéstted diifb sthedresiE AdSH eptidep |HERAEZ and 0 PER- E1B55K
producer CebdnST WskiNthehi PGHES tiabd PRAAPLENS S Osh soe@@RBtedl0 (I nvi t rogen)

usi ng nmethod Q in t..and_as,.describ in WD 00/ 70071 or by

el ect ropér a‘fl]%gnl&{%?ﬁoft ﬁréé %g‘l"[?lering?eegﬁugﬁmr?ef’ﬁag&égckiﬁom to those skilled in the
art. Honol ¢yéeratee GBAMRYIEP i SnPIRECIEdh aderdnapiisnghsE§uences | eads to

gener ati on gdnetdiier ahenranaftipyidnds ddatmd db tRe FaAEIeGHf al c( pf - aa- sub) .
The adenovifal  veet.ol odidl &4 Yde doﬁés%?ém S\?ﬁsﬂh '(gg fromthis transfection
is plaque ©purified using nethods known to persons skilled in the art.

Si ngl e pl aq¥@82%are anal yzed for the presence of the CS transgene and
anplified for |®regeladad efptiedyets emcoding?Ohd B .Falaperud | asks (3x175

cn2/ flask) . pebiS ndis DY ¢85 lRehorAbedudhde, Clsp@iinbhe cuirus is purified by a
two-step Csd ,rgurl fication prgceggfetas routi nel %%ge, by those skilled in
the art and“GBHEPaFFYeRE §8s FB2dP! A i 0 2 k86858 Eéanpl e 5. | nduci ng
protecti on eeydpymse 4= Jollowp. Fakraida02-6pF @€tdagpuudBerRy r econbi nant

adenovi r al - hased c¥MELhNRS thé codby @ptimized CS gene is digested

15 with HindIII and BamHI restriction enzymes. The 1.1 kb

fragment corresponding to the CS gene is ligated to
HindIII and BamHI digested pAdapt535 vector. The
resulting plasmid is designated pAdapt535.CS.Pfalc(pf-aa-
sub) and contains the CS gene under the transcriptional

20 control of the full length human CMV promoter and the
downstream SV40 poly(A) signal.

The generation of the recombinant virus named
Ad35AE3.CS.Pyoel was performed as follows.

25 pAdapt535.CS.Pyoel was digested by PacI restriction
enzyme to release the left—end portion of the Ad genome.
Plasmid pWE.Ad35.pIX-rITRAE3, containing the remaining
right-end part of the Ad genome with a deletion of 2673
bp in the E3 region is digested with NotI.

30 pAdapt535.CS.Pyoel was transfected with NotI digested
PWE.Ad35.pIX~rITRAE3 into PER-E1B55K producer cells using
lipofectamine transfection reagent. The generation of the
cell line PER-E1B55K has been described in detail in WO
02/40665. In short, this publication describes that



Adenovirus serotype 5 (Ad5)-based vectors genetically engineered to express
the CS antigen of the 30 rodent malaria P.yoelii have been shown capable to
i nduce conplete protection against P.yoelii infection (Rodrigues et al.
1997) . A si ¢gy Ryasssge conpari son between Ad5 and Ad35 vECTEP®O¥ENMINi ng t he
codon-optim zed P.yoelii CS gene was designed to investigate the inmune
response that WO 2004/ 055187 PCT/ EP2003/051019 39 is induced, and to
investigate their ability in raising protection against P.yoelii parasite
infection in mce. The study enrolled Balb/C mce that were inmuni zed by

i ntra-nuscul ar or subcutaneous injection of 108-1010 viral 5 particles (vp)
of Ad5AE3- or Ad35AE3-based viral vectors (as described above) carrying

ei ther the Byoel Ly CS,0aNS o 8d5ARICRPYOS] and AJSSAES- CS Pyoel) or no
transgene rri‘?‘ﬁ nB %/ and AJ3SAE3- en? % ure 4 shows the results of
t he experi gr’v%ﬁ%r AP TRE Bl SRSVt YSnE 57 Igﬁfe%e Wds conpared using both

vectors. Thedenoviiyres ssfrotypid- 35, s€oarevhigy acetlestion argmduteati on of 106
spl enocyt eswm5e41(de§l%liawael 1dsl Eické&)co@&u\é@l |Fu§t§1e§:he antibody titers in the

serum (F| g. The, ex nt rfor m.ce that were
sacrifi céd f‘ﬁ@’nn«gk%f Af T i!tlrr%] ec e|rocr’1 W i%qq??\ecc’r Q¥S%bi nant adenovi r uses.

Each of ther¢satted éfprséélé]rﬂ selk Rgnesy Ehakg@osfnBeryuse. |f mice were not
sacrificed biwyituses etusBdekfdessed liBd [AaFE)€18M55R den¥eangpor ozoites, after

whi ch the I glg.0feaPbl GELIAN MAZ.BISLIARY (iELdks ShA0d  B) . Each of these

bars represe ‘e avérage experinents on hunoral and
cel lular i rrﬁ%é”ﬂégi‘ﬂoﬁg% a?eélp‘@r‘feo‘f%di“\‘fxﬁil‘ii??ﬁrﬁﬁol ogi cal assays wel |
known t ao peumpesisingkiniked in the art and as described for instance by

Br uf xa- Roner o eﬁom%ho o(,gogjc%bmagm baed 288419PpingChal I enge and read out are
schedul ed in Table 11, a Ant | bodi es ti ers agal nst sporozoites can

be det er mi n&HFUeRRFSattd ﬁ‘&llgf‘eéﬁfa‘ﬁiﬁ’?n?ﬁo‘fqeuﬁ‘?’cé%’é‘ﬁﬁté ViZey or with an ELI SA.
Fi gure 4B shows AdieAr3ess|Hysehs Toalacuhatiedl wedthrannEtidsd. Cel | ul ar i nmune

' esponses wcgs%tgset CLITREL BYoEXn¥d YPansELdSBOTa8S5aYudTBASUr i N the relative
number C)5 purified using methods known to persons skilled in the

art. Single plaques were analyzed for the presence of the
CS transgene and amplified for large-scale production in
triple-layer flasks (3x175 cm?/flask). Upon amplification
cells were harvested at full CPE and the virus was

20 purified by a two-step CsCl purification procedure as
routinely done by those skilled in the art and generally
as described in WO 02/40665.

The generation of the recombinant virus named
Ad35AE3.CS.Pfalc was performed as follows.

25 pAdapt535.CS.Pfalc was digested by PacI restriction
enzyme to release the left-end portion of the Ad genome.
Plasmid pWE.Ad35.pIX-rITRAE3, containing the remaining
right-end part of the Ad genome with a deletion of 2673
bp in the E3 region was digested with NotI.

30 pAdapt535.CS.Pfalc was transfected with NotI digested
pWE.AdBS.pIX—rITRAE3 into PER-E1B55K producer cells using
lipofectamine transfection reagent. Homologous
recombination between overlapping sequences led to

generation of the recombinant wvirus named



30 specific, IFN-y-secreting, CD8t and CD4+ T cells. Protection against

mal aria infection was nonitored by determning the |levels of parasite
inhibition in the WD 2004/ 055187 PCT/ EP2003/ 051019 40 livers of i munized
m ce throughwoesenssastranscri ptase PCR quantification ofpce/mposbiosiors bosonal
RNA copies. The immunization with Ad5- and Ad35-based vectors 5 was
performed as follows. Aliquots of reconbinant adenoviruses that were stored
at -70C were gradually thawed on ice and diluted to 100 ul in the desired
concentration in PBS with 1% heat-inactivated Normal Mouse Serum
Subsequently the sanples were som7cated for 10 5 sec. Sub-cutaneous

adm ni stration was perforrred at both sides of the tail base with a vol une

of 50 ul at,,eaGh ~Shes:. o I,me Fdé?i'ﬁfx‘éllaxfec |ghﬂ%%£§%| on was performed in both

thighs with a vol une at each t ndi rect | mmunofl| uorescence
Assay (| FA)lYF%tesiLB:eﬁ‘é]rtFB? nﬁéﬂma*é‘éﬁr‘iﬁ?ﬁet’ﬁ%rmapmro et al. (2001a).
First, infeorededmsiny motisodarnogener pdretndykimetiial tye having a native nouse

i nf ect ed W hd12f SG s lng B¥echavi bitten at three
di fferent §| ?egg dl@ gglgss r eno lé “r o%?engn%ﬁglgcegg?zc?‘% days when 20

par asi t et &° |"sr""ﬁs‘%é?‘aaar’i’tfil Wﬁlﬁf’e‘?ﬁl f‘b‘ 1859°T8ENS WPAWEIARINe nice are injected
.p. with tthanlérlayleedflbbb@d3sh7@pbre’/flaAﬂt-el'dp<81 dmyls fidesibd ood i s taken which

serves as @eblOpeke H&alestm a§tﬁ{1YQﬂ>EfB?§1q\EHet 9&515 wqese are fed for 2 days.
After 14 days. P. %el potrozgs lated fromthe 25 bl ood-fed

nosqui t oes By aﬁ Pz g %Le%lfrl%lma LB 684 /% i ce and subsequent!y
saturating rph‘@ﬁﬂm d‘?’@@/obye’ﬁ?aﬁoﬁlkiliﬁﬁ’em tbﬁ@rhn@qlmn@esllafr e transferred to PBS
pH 7. 41@ndst Rcseli viar Yo gl2andkssar e di ssected. These are subsequently
grinded on ice and the sporozoites are 30 separated fromthe debris by
centrifugation. Using this method, approximately 35,000 P.yoelii

sporozoi tes caftpdengmtirhed *%ﬁ?@"%g?ahlvﬂﬁusefh@ﬁ‘edgl ass-slides in a 12-

mul ti-wel | apbsire.@y. erfieatey] whd Rasgaps wsi. pRNek 410,000 P.yoelii sporozoites
each in Dul Qegormecf ag/bpolg.clawesd. gﬁcglpgéﬁ.cs.Pfalc(—ZB) and

15 pAdapt535.CS.Pfalc(-14) were separately digested by PacI
restriction enzyme to release the left-end portion of the
Ad genome. Plasmid pWE.Ad35.pIX-rITRAE3 containing the
remaining right-end part of the Ad genome is digested
with NotI. pAdapt535.CS.Pfalc(-28) and

20 pAdapt535.CS.Pfalc(-14) are separately transfected with
NotI digested pWE.Ad35.pIX-rITRAE3 into PER~E1B55K
producer. Homologous recombination between overlapping
sequences leads to generation of recombinant viruses
named respectively Ad35AE3.CS.Pfalc(-28) and

25 Ad35AE3.CS.Pfalc(-14). Adenoviral vectors in crude
lysates resulting from these transfections are plaque
purified using methods known to persons skilled in the
art. Single plaques are analyzed for the presence of the
CS transgene and amplified for large-scale production in

30 triple-layer flasks (3x175 cm?/flask) . Cells are harvested
at full CPE and the virus is purified by a two—-step CsCl
purification procedure as routinely done by those skilled
in the art and generally as described in WO 02/40665.



WO 2004/ 055187 PCT/ EP2003/ 051019 41 Medium (DMEM plus 10% Fetal Bovi ne
Serum by air-drying. A range of dilutions of sera of the vaccinated m ce
(ina volume of 10 pl in PBS plus 5% FBS) is subsequently incubated with

the air-driegospRisagites for 30 min at 5 room tenperat Urg-1gb25034810%s Ur €S
environment. Then, the slides are aspirated, washed twice wth PBS and 10

pl] of a 30-fold diluted FITC conjugated Goat-anti-Muse antibody
(Kirkegaard & Perry Laboratories, USA, catalogue no. 02-18-06) is added and
i ncubated for 30 mn at room 10 tenperature. Wl ls were again aspirated and
washed tw ce. For counterstainingg a solution of 100 jig/m Ethidium

Brom de is incubated for 10 mn, after which the aspiration step is

repeat ed and thﬁe\rfl\%elnlfga%{?g g’ﬁagpee%ex\gnﬁjpnan\gﬁ%i?{l?an%;%ges are nounted using

per nount cont ai ni enyl enedi am ne The anti-sporozoite

anti body t3d384E3.69 Sfdbe @fmaredblads theatdringhast fgdewsn di | uti on  produci ng

f 1 uor escencggafidhs Ldxe pERICRP flaBad P N Ohi1 ARELD B Pact i t€rs, one can al so use an
ELI SA. For this,  ELISA plafes I | op Lt nat ech re coated with 2

pg/ m anti greeﬁhzidztlg?ln 5§§Rﬁy£%58|lénagsel %lfkpéer‘rd[)é%ﬁ%ﬁ%#t 'F\%ees sol ution and

| eavi ng Bt M eenvmghtPlasmifiCpWELAd3 ARIX-gETRAEB atonb@iniinsaetieis a 3x6 ami no aci d

repeat of thg,Pukgelighe CHaPsak el tne RERGARRCPGARGERGAP (SEQ I D N0: 19). The
pl ates were . ﬁubs%quegt Iﬁ%sglacsh%j tk(lre_e _tlges Wi tgggvashéng buffer (Ix 25 PBS,
0. 05% Tween i ARG 2FFR 31 BaktHG Bapt &0 1605REE S washi ng sol uti on) was
added per vwlth.NoEtaiieeswrﬁ_VE.mwba;-edTmB ibt2 H_maammsenm tenperature. Then,
plates wer o@ﬁét}egeltlgr\mn&'l%gf&ggrhi'ﬁev\ﬂzraps%§mnnge%égger, i ncl udi ng 5% FCS.
Dilutions of the sera were made as 30 follows: 50 E washi ng buffer plus 5%
FCS was 3dd&dvitgoosm paing. gerhodq droupén |F°f }F&sMihd® buffer plus 5% FCS i s
added to théestritetl weld QUA00T120rs by iedbctdiobertai bers oareshpmde by transferring

50 pl from yehifeltifh detHoBEknbli®Mb2tHo9e Jki118LCin Bhalgs, are incubated for 1 h
at roomtenEoer ture. WO %004 055187 PCT/]EPZQLOS/ 051019s 42

mologous recomblnation between overlapping sequence

leads to generation of the recombinant virus named

15 Ad35AE3.CS.Pfalc(pf-aa-sub). The adenoviral vector, in
crude lysates, resulting from this transfection is plaque
purified using methods known to persons skilled in the
art. Single plaques are analyzed for the presence of the
CS transgene and amplified for large-scale production in

20 triple-layer flasks (3x175 cmz/flask). Cells are harvested
at full CPE and the virus is purified by a two-step CsCl
purification procedure as routinely done by those skilled
in the art and generally as described in WO 02/40665.

25 Example 5. Inducing protection against P.yoelii malaria
infection using recombinant adenoviral-based vaccines in
vivo.

Adenovirus serotype 5 (Ad5)-based vectors
genetically engineered to express the CS antigen of the

30 rodent malaria P.yoelii have been shown capable to induce
complete protection against P.yocelii infection (Rodrigues
et al. 1997). A side-by-side comparison between Ad5 and
Ad35 vectors carrying the codon-optimized P.yoelii CS
gene was designed to investigate the immune response that



Then the plates are washed three tinmes with washing buffer and 100 pl of a
1: 2000 di |l uted peroxi dase-|abel ed Goat anti-Muse 1gG (anti Heavy and Li ght
chain, human absorbed, Eirkegaard & Perry Laboratories, catal ogue no. 5
074-1806) i syaps wel | and incubated. Then, plates re washed with
washi ng buf fer tﬁ“r?oesgﬁ?i mes and once with PBS and then 1ogcwpzﬂ%lgﬂbstrate
solution (ARTS 1- Conponent, Kirkegaard & Perry Laboratories, catal ogue
nunber 50-66-18) is added to each well. The reaction is 10 term nated by the
addition of 50 pl 1% SDS, and plates are read at 405 nmin an ELI SA reader.
The ELI SPOT assay to determ ne thggrelative nunber of CS-specific

| FN-y-secreting, CD8+ and CD4+ T cells in the spleen, and the reverse
transcriptase PCR and real 15 tinme PCR to quantjfy the anount of parasite
speci fic RNE® ipfusednenfnta frvestigatectethebthar | ¥ngetfiffce were al |l

perfornmed asrofiesdipnpgdifgt Brydetlal Rorasive éhfedtiof 200dizeand 2001b) except for

the fact thafe LORyNHIBTeLbatYE! BSel that i38e I18RbaLERPCR Was 45. 20 Wile
attenuati on oeF|| infection in A aCCl ne reC|p|ents IS

P. dbAE3-, CS. Pyqel .y
B R g I T pert i L - Ly g S A
expect eds tpartéclsupEp) orf BESAEB- |crami3Satprbbded efdagctdcvers 25 Figure 4A shows
that with ap, ARG gﬁavfasl HrrdY oARdr 1040 yhéAl RALLAL! es per nouse the

Ad35- based vector is at least as effective in inducing a cellular immune
response as ‘4985348 Byqe b RngANSAE3I1F - Bygel)s Bh &Pi Biansyecan 30 be concl uded

that with tiSASELnpdy bifhabieBCearptyNOFidhiramMbhessdtid erence in cellul ar
response as_indj :secgfting cells after intra

ca by the nunmber .of | FN:'
muscul ar aﬁ?f“shsoé?%ftg‘ﬁe%’f?serﬁ“eﬁ“it?}g‘;%ﬁ?e%*’foﬁ‘iﬂ% 87 PCT/ EP2003/ 051019 43
Fi gure 48 shows wasecemeresodging behsveqiorheThenpumbesxpfeFent and perfornmed on

the sane sejacuskig LBBs iNd pEsl1aLIPXE015! UPTRSERRES,BXPEr i Ment out | i ned

above.
determined (Fig. 4A) as well as the antibody titers in

the serum (Fig. 4B). The experiments were performed on
mice that were sacrificed two weeks after injection with
15 the recombinant adenoviruses. Each of the bars represents
the average of 5 mice. If mice were not sacrificed they
were used for a challenge with live sporozoites, after
which the rate of protection was determined (Fig. 5A and
B). Each of these bars represents the average of 5 mice.
20 The experiments on humoral and cellular immune responses
are performed with immunological assays well known to
persons skilled in the art and as described for instance
by Brufla-Romeroc et al. (2001a). The immunization,
challenge and read out are scheduled in Table II and III.
25 Antibodies titers against sporozoites can be determined
by an indirect immunofluorescence assay or with an ELISA.
Figure 4B shows the results as calculated with an ELISA.
Cellular immune responses were determined by ex-vivo
ELISPOT assay measuring the relative number of CS-~
30 specific, IFN-y-secreting, CDB+ and CD4+ T cells.
Protection against malaria infection was monitored by

determining the levels of parasite inhibition in the



| f conpared to the results shown in Figure 4A it is clear 5 that at a dose
of 109 viral particles, the Ad35 based vector induces a significant

cel lular i mmune response but does not give rise to very high titers of

anti - spor ozowbeoodassisbodi es. Again, there is not a signi fecmaodiosfoes ence
between the two routes of adm nistration. 10 Animals that received different
doses of Ad5- and Ad35-based vectors expressing the codon-optim zed
P.yoelii CS antigen, were subsequently challenged i.v. wth 105 sporozoites
purified as descri bed above. The results of these experinments are shown in
Figure 5A and 15 B. The percentagd0o of inhibition was cal cul ated as conpared
to naive mce that were not i munized. Mce that were i mmuni zed received

S. tch tlg9 Orlilf@ﬂsoofvlln&naﬁidz@ta[]ﬁﬂcel@;‘roé YeRdREe WRESsCE alsgggﬁg a{_ter 14 flayls

Wi € sporozoites an a : gative controls
were enpty VEcTHPE f\.}n °P ket © gﬂ’t %‘*@ﬁla‘ﬁ °S°ﬁ‘g{ntp1uérrﬁ5’ﬁf‘%sed mce. Cearly, a high
percentage of inhibition is obtained when using the Ad5-based vector as
well as with thgeAddRnbaseeh week abs- apPBNBabdie vt rsdoses, while no

protectign was_ faund in the negati 25 trols (Fig. 5A). Inportantly,
only a Igw Tinbe (%omfed ar 3§}°twe ?ﬁegu%tfcofig% rlbnc?élgnal RNA' s coul d be

det er mi ned 2depoviguEsgs 9‘&#‘: Herq FeoteAmmr &4 ¥AreeIrafdirlld the mice that
recei ved notmadedouiical aneaiDiteartee it )1 Vactier sei@ad ai ned | arge nunbers of

these RNA's (Fi &ragl%)n fya§ with ONOh e 30 do0 el G 8 &S hlat the Ad35-based

vect or, Ilket based vector can give rise to m%lflcant protectlon

agai nst  t HPURRISEFFY PERSRgreE 1Y PEnsaPlesr "eFesPIRIratsh G i muni zati on.
WO 2004/10551 8¥c PE 1t 20085 CEihiiS tratdobwanHeg fgmel rbubeyry | Muni ty agai nst

P. fal ci par ug@dgglo@r{@_. t&i’lf 8gid qmtﬂjgl ﬂguﬁ@g@rgy paNk gé;iﬁnow ral - based vacci nes
in Vivo. A sj enoviru serotype 5 (Ad5)

A
and Adenovi Fif§: sIé‘F%at )’}‘Bi\c‘%%r?%&% r?/té(?? 6'ra§nfie§ ‘E@?f’g’ﬁ‘eg ttrb i nvestigate the

ability to ihidug eith a volume of 50 ul at each thigh.
The Indirect Immunofluorescence Assay (IFA) is

15 performed according to Brufa-Romero et al. (2001a).
First, infected mosquitces are generated by initially
having a native mouse infected with an infected mosquito
by having the mouse bitten at ‘three different sites.
Blood is removed from the mouse after 8 days when

20 parasitemia is 4-8% and diluted to 1%. Then, other naive
mice are injected i.p. with the diluted blood sample.
After 3 days the blood is taken which serves as a blood
meal for starved mosquitoes. These are fed for 2 days.
After 14 days P.yoelii sporozoites are isolated from the

25 Dblood-fed mosquitoes by anaesthetizing infected
mosquitoes on ice and subsequently saturating them in 70%
ethanol. Then, the mosquitoes are transferred to PBS pH
7.4 and the salivary glands are dissected. These are
subsequently grinded on ice and the sporozoites are

30 separated from the debris by centrifugation. Using this
method, approximately 35,000 P.yoelii sporozoites can be
obtained from 1 mosquito. Then, glass-slides in a 12-
multi-well plate are coated with approximately 10,000
P.yoelil sporozoites each in Dulbecco’s Modified Eagle’s



hunoral and cellul ar i nmune responses against the CS antigen of the

P.fal ci parum parasite in mce. In addition, immunogenicities of Adenovirus
vectors 10 containing full length and GPI mnus CS are conpared. This study
enrol | s B10.W&2eusmss187Ani mal s are i muni zed by i ntra- nusearmre0joswid on of
108-1010vp of Ad5AE3 or Ad35AE3 viral vectors carrying either the full

|l ength CS gene (AdS5AE3-CS. Pfal c and Ad35AE3-CS. Pfalc) or the GPI 15 anchor
sequence m nus CS gene (AdS5AE3-CS. Pfalc.(-28)/(- 14) and Ad35AE3-CS. Pfalc.
(-28) / (-14) or no transgene (AdS5AE3-enpty and Ad35AE3-enpty). At two
weeks and six to eight weeks posstvaccination, cellular and hunoral
responses are monitored wth i munol ogical assays well 20 known to persons

skilled in \hemdkbueRs %§Cfd%b§g:a§b@(f§ne sdhg wmu &3thpn, challenge and read
out is schedul ed i

ng f"the Ad35-based
vectors is eXpEe %dl}'%lﬁﬁs $ p%‘?’rl o?f Bll’e gﬁgetd 81)%1)2 thBl e to the 25
i mrunogeni c*iOfL\}met Pf g}@emJednbEPSAHBJSbété’HS)\/éetwbseqUFn’g]m e 6 shows the results

that were obtaisted Wayn btsllen&rth&eéd@mwe& ¥6£130rm&ORt ai Ni ng the full length

gene encodi ngmttegperat;ral g’ll’gata;“g Sture %O\}l%r('men% her gene, € encodi ng the protein

with the’ 14 °am now acl Ion an ene encoorn Sthe 30 protein with
the 28 ami rfdigRs dreierrtiaspd: TREhedekire §’lt1i1 F8f adel® Watofal | three (Ad5-based)
vectors areaab)JffelacnnutmhuEmwcmlubadearedamme—uoesponse as neasured by the

nunber of N S t | kad 055187
PCT/ EPZOOSIC%SZ%(F)&?1 Ié g]jg%?‘?a&t ?%1%:@ Lﬁgr&é%\%‘% i %ﬂ%(?%ngned by the ex-vivo

ELI SPOT as<¥y Hei%eh B%"\Feandarjlﬁc‘ﬁ’é ek 597 éod%‘nl 7 BPPFi a- Ronero et al.
(2001a) 105 Hexperplerel. Hdlldueiregageih orsgitadsd iang yesbeddwion against P.yoeii

mal aria i nfﬁgté&ﬂtmtmlﬂa Q09§£uta&gbfrqro§ w/hh stdidif,@r ent adenovirus

ser ot ype- based, vacci ne ant Adenoyirus serotype 5 expressing a CS
anti gen of PP S'}’cﬁ?l? @%ﬁ%\ﬁﬁﬂ% B PP r B e P8n when 10 used in

pri me- boostaspixatiem step dentirsatedoandiithe) walls are washed with
water. Slides are mounted using permount containing

15 phenylenediamine/anti fade. The anti-sporozoite antibody
titers are determined as the highest serum dilution
producing fluorescence. For the determination of antibody
titers, one can also use an ELISA, For this, ELISA plates
(Immulon II, Dynatech) were coated with 2 pg/ml antigen

20 in PBS by adding 100 nl per well of this solution and
leaving it overnight at 4°C. The antigen that was used is
a 3x6 amino acid repeat of the P.yocelii CS protein:
QGPGAPQGPGAPQGPGAP (SEQ ID NO0:19). The plates were
subsequently washed three times with washing buffer (1x

25 PBS, 0.05% Tween), and 200 pl blocking buffer (10% FCS in
washing solution) was added per well. Plates were
incubated for 1-2 h at room temperature. Then, plates
were washed three times again with washing buffer
including 5% FCS. Dilutions of the sera were made as

30 follows: 50 pl washing buffer plus 5% FCS was added to
wells 2-12, Then 100 pl washing buffer plus 5% FCS is
added to the first well and 1:2 serial dilutions are made
by transferring 50 pl from well 1 to 2, then from 2 to 3,

etc. Plates are incubated for 1 h at room temperature.



reconbi nant vaccinia virus carrying the sane antigen (Brufla-Ronmero et al.
2001a). An experinment to investigate the capability of prinme/boost reginens
based on adenovirus vectors carrying codon-optim zed CS and 15 derived from
two differenyosenetaipes to induce long- |asting protecti egradasantoide P.
yoelii CS antigen was designed. This study enrolls Balb/C mce distributed
in experinental groups of 12 mce each. Animals are i muni zed by
intra-muscular injection of an optinmal dose 20 of Ad5AE3 or Ad35AE3 viral
vectors carrying either the P.yoelii CS gene (Ad5AE3-CS. Pyoel and

Ad35AE3- CS. Pyoel ) or no transgengz (AdS5AE3-enpty and Ad35AE3-enpty). One
group of animals is prined at week 0 with AdS5AE3-CS. Pyoel and boosted at
week 8 wit AE3- . r .njceis prinmed at week 0O
Wi th Ad35AESS ?‘By%éé‘%s A8 Speened TR tﬁ‘%&%&%ﬁ“@d%&- CS. Pyoel . Ot her
groups of BHEEF aRe 18P iwtedf &t 1oi0R HluFadhreasskes-teBeigdel or

Ad5AES3- CS. RyvaelanafrMobeeSigad(aati vieeky 8ndviliéhtt beaisanmmawector. Finally, a

control groyj lqjedpiﬂgk%gsaapgiﬁggr@t 18- NReke 0 Wi R ALSAE3-enpty and boosted
at week 8 vvltﬂ Ad35AE ost-boost, 6 mce of each group

] -enpty. AU week 2
are sacrPfiPé&atd08 43 Bwegvngﬁ%ﬁ?lr]oﬁndaﬁﬂc‘t?ﬁg?dac?l?eer”i'zPaJtaitSﬁ of hunoral and
cel | ul ar i remeneshed pohs exsipinohbWifbef (04¢<) 558 7aRCI1¢ePRODB/ 051019 46
| munol ogi gﬁs_@&seyesx 64 |url1kmwsxﬁagtﬁ%éﬁ&:‘ﬂ\|‘§ti%lii g!IBQQ_IE[—E It_he art, th_et -
remaining 6.nmice fr ach_groyp are c enge i ve sporozoites. e
i mTuni zat i opPE eﬁh grl?r egaaﬁﬁ‘g &r g%(fyolﬁatboﬁar%gnsecshec (PP tn Table VI. Protection
agai nst 5 ntmBey éOTG&I"g@t itgradief | topeadhprilior®e zaf¢tinfaddired using assays
wel | knamn temiraepd &ySkid bedition toliescapt 1asspsgeswer phadsabove. Vacci ne

regi nens bagt%dreoﬁg Ad3es aL0Ne Qr g TA L4635 conbinations are expected to be
superior or at east conparable 1 n efficacy_as conpared to regi nens 10

based sol el y orfPARUISERLARPYY &° deHETTEPHERE Je0AL-"Ra2FPRE i munity agai nst
P. fal ci par usp oBdspetiFikc nfrmeiisecrdtying)r crg- HaDsHa+ €gtdI@BSin Wi th di f f erent
adenovirus a'l%r thl%Qr?,' Qg‘gQ:%evl%%gl‘gee§ranscriptase PCR and real-
15 time PCR to guantify the amount of parasite specific RNA

present in the liver of the challenged mice were all

performed as described by Bruila~Romero et al. (200la and

2001b) except for the fact that the number of cycles in

the real-time PCR was 45.

20
While attenuation P.yoelii infection in Ad5AE3-
CS.Pyoel vaccine recipients is predicted (Rodrigues et
al. 1997), vaccination with Ad35AE3-CS.Pyoel is expected
to be superior or at least equally effective.
25

Figure 4A shows that with an administration of 10°
and 10'° viral particles per mouse the Ad35-based vector
is at least as effective in inducing a cellular immune
response as the Ad5-based vector, if not superior. It can

30 be concluded that with this set-up that there is no
dramatic difference in cellular response as indicated by
the number of IFN-Y-secreting cells after intra muscular

and subcutaneous delivery.



15 An experinent to investigate the ability of prinme/boost regi nens based
on adenovirus vectors derived fromtwo different serotypes to induce

| ong-lasting inmmunity against the P.fal ciparumCS anti gen was desi gned.
The study emwolbm/oBi87 BR m ce distributed in 20 experi nerd@Eicwpn1of 24

m ce each. Animals are imunized by intra-nuscular injection of an opti nal
dose of adenoviral vectors carrying either the full length CS gene
(Ad5AE3- CS. Pfal c and Ad35AE3-CS. Pfalc) or the GPlI- anchor sequence m nus CS
gene (AdS5AE3-CS. Pfalc(-28)/(-14) 25 and Ad35AE3-CS. Pfalc (-28) / (-14) ) or
no transgene (AdS5AE3- enpty and AdA35AE3-enpty). One group of animals is
primed at week O with AJS5AE3-CS. Pfal c or AdS5AE3-CS. Pfalc(-28)/(- 14) and

boosted at weekn%um U AARARE GBI €1:0ke AASBARIaAS Plal o(-28) /(- 14).
Anot her gro wi t h AJ35AE3-CS. Pfal c or

Ad35AES- CSBPE “}??]‘ fé‘f/fierfﬁf’“e%n%f‘”%g%s?’é% Vi \Kéia‘t? 8" th AJ5AE3- CS.Pfalc or
Ad5AE3- CS. Pirglicgct2 8rupo-ifporeReendse pXReringyt ofutlifiegealhayepri ned at week 0 with
Ad35AE3- CS. B¥ abfpaéd VWO '&Q:Oéééiﬁéi&?xom{x EEZ_’;Q&%Q&LOM c1ddr Ad35AE3- CS.

Pfal c(- 2§)/£h 3544 ancgosgootstlgd dl ?erlglglelg, dle. (%% %%rrﬁy)vect or. Finally, a

control group 0wt enpty and boosted at
week B wi tYFCAEBBSEB’eén@tS}gn%@clcéﬁeEelé“éﬁdl’U“"é‘P neFreRse1Buthost 5 boost, 6 nice
are sacrifiead st eachrideTeo perpthighditel billaati-aperdzozeor al responses are

moni tored w drﬁélbodl@u'l& a4 %ﬁérea§§%¥§ Bl dn1 KNQWD &ﬁf&%‘hé@”s skilled in the

art and as describ ove. The 1 muni zation, challenge and read out are
schedul ed i PFETEHR &R/t W&E?ﬁ 9& FBIMIFERREI9® based on Ad35 al one or Ad5/ Ad35
conbi natlidons armisalectched reteivee dififmenodoses af HdSasindconparabl e in efficacy

as conpar eﬂdats%z{segixfé%e&sb@ sslqelne Qéhoédo'}tlﬂ%%ﬁm e 9. Inducing an imune
response agains al ci parum CS ant | pr.i me/ boost reginens

the 15, P.
using di ff@ryé’ﬁi 8%@851%% ‘%%Fo?‘ﬂ?ﬁ%q“ﬁﬁ*s]é’dc?/agiﬁ?% s" 1M non-human pri mates.
An exanpl e efthaH)’esnospiattnt pustfiel gsodéasvibed) eheve. The

results of these experiments are shown in Figure 5A and

15 B. The percentage of inhibition was calculated as
compared to naive mice that were not immunized.

Mice that were immunized received s.c. 10° or 10'°
viral particles (vp) and were challenged after 14 days
with the sporozoites and then sacrificed after 48 h.

20 Negative controls were empty vectors without antigen and
non-immunized mice. Clearly, a high percentage of
inhibition is obtained when using the Ad5-based vector as
well as with the Ad35-based vector, applying the two
doses, while no protection was found in the negative

25 controls (Fig. 5a). Importantly, only a low number of
parasite-specific 18S ribosomal RNA’s could be determined
in the liver of the immunized mice, while the mice that
received no adenoviral vector or empty vectors contained
large numbers of these RNA’s (Fig. 5B). This strongly

30 indicates that the Ad35-based vector, like the Ad5-based
vector can give rise to significant protection against
the malaria parasite, even after a single round of

immunization.
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derived fromtw different serotypes to elicit inmmunity against the

P.fal ci parum CS antigen in non-human primates is described. Moreover, the
ef fect of tWO2004fob2182Nnt routes of vacci ne adm ni strati onecH/Es2063/0s{decul ar
and intra-dermal, is evaluated. 25 Rhesus nonkeys are vaccinated with
adenoviral vectors carrying either the full-length CS gene (Ad5AE3-
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(Ad5AE3- CS. Pf al c( pf-aa-sub) or Ad35AE3- CS. Pfal c(pf-aa-sub)). Prine/boost
regi mens (Ad5 followed 30 by Ad3546r Ad35 followed by Ad5) are conpared to
general |y applied prime/boost reginmens (AdS followed by Ad5 or Ad35

fol I owed bygAGH2) 6. ARl Adfin %Jiﬁét Pl Al SRIRSES are noni tored

usi ng i nmunpl oqgi.cal assa 8 P2003/ 051019 48 wel |l known
to persons ﬁ%ﬁ?ﬁ '1'% H’écﬁ'g’)"a'g’e %raz'l?ﬁ?ﬁﬂlvﬁﬁ”ﬁﬁn ys is tested by

ELI SA assayvive- deternmine the nature and magni tude of the anti body response
agai nst  the renpeaae-wgélqe mp&Si.sof et illedl AdeABRIIQs F €SPONSE is 5 neasured by

ELI SPOT ass f pecific IFN-y secreting
cells. ﬁ%ﬁ 8$dglcf‘ﬁ%3g186§7q8§i5igotyﬂg%agﬁdgsf.. Names and Genbank

dat abase enYet°§'°rrﬁJhbé‘re§i%”fedt"Ffeln‘FﬁFé@éPp“d’Fuﬁ%F?tﬁﬁs@éﬁ%oi te amno acid
sequences usmdrall endjeaenabe ivhend reglonsansgHiass taemqmsence. M d type |sol ates

Entry nunbers, bo?%ﬁ:@'ﬁ%a?ﬁp[alﬁunf‘ nhets. jhinde 744 3137 AA33421 halland
6,4171 8 SP PLAFT SP PLA g‘AAZQ 62 4P 473175 29555 - AAA29576 GB SP

PLAFA rrmi‘ﬁﬂﬂ&éﬁ&f%‘?n‘t?@%‘i“ti% of ‘E}&B%‘&f@sz VERYNS 4

10 containing full length and GPI minus CS are compared.
This study enrolls Bl10.BR mice. Animals are immunized by
intra-muscular injection of 10°-10%° vp of AdSAE3 or
Ad35AE3 viral vectors carrying either the full length CS
gene (Ad5AE3-CS.Pfalc and Ad35AE3-CS.Pfalc) or the GPI-

15 anchor sequence minus CS gene (AdS5AE3-CS.Pfalc. (~28)/ (-
14) and Ad35AE3~CS.Pfalc. (-28)/(~14) or no transgene
{Ad5AE3-empty and Ad35AE3-empty). At two weeks and six to
eight weeks post-vaccination, cellular and humoral
responses are monitored with immunological assays well

20 known to persons skilled in the art as described above.
The immunization, challenge and read out is scheduled in
Table IV and V.

Immunogenicity of the Ad35-based vectors i1s expected
to be superior or at least comparable to the

25 immunogenicity triggered by Ad5-based vectors. Figure 6
shows the results that were obtained by using the AdS5-
based vector containing the full length gene encoding the
P.falciparum CS protein, the gene encoding the protein
with the 14 amino acid deletion and the gene encoding the

30 protein with the 28 amino acid deletion. The results
indicate that all three (Ad5-based) vecﬁors are able to
induce a cellular immune response as measured by the

number of CS-specific IFN-Y-secreting cells in a
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Sout h East Asia 516 - AAA29519 AB64175 64178 A864178 5 WO 20041055187
PCT/ EP2003/ 051019 50 Table I1. Inmunization, challenge and read- out
schedule for mce vaccinations with AdS. CS. Pyoel (Ad5-PyCS), vp = vira
particles per nouse. |Immunization Viral vector vp # EUSPOI/serum Chal | enge
schedule mce Prine/challen a AdgsPyCS 10 12 2 weeks (6 mce) 2 weeks (6
m ce) Prine/chall a Ad5- PyCS 10 12 2 weeks @ 222' 2 weeks 6 nice
Prime/challe _a A 1 2 eks m ce Prine/challenge
Ads- em 10" ¥P3! %g ﬁp%rﬁnﬁcgﬁ sm@%ﬁ%ﬂﬂegﬁ%é\ﬁeﬁﬁb‘f I11. | rmunization,
chal | enge aﬁds?@adSWt demshtleRyl ebovkorangi geaexadéiavaty dsia t h Ad35. CS. Pyoel
(MB5- PyCS) , rotpro st \Vdl.ak2geasti cl es per nouse. |mmunization Viral vector vp #
ELI SPOTI serum Chal | enge schedule mce Prinelchallen a Ad35-PyCS 1 12 2

weeks 6 mce) 2 weeks (6 mce)
5 Ezxample 7. Inducing a long-lasting protection against

P.yoelii malaria infection by prime-boost regimens with
different adenovirus serotype-based vaccines.
Recombinant Adenovirus serotype 5 expressing a CS

antigen of P.yocelii was shown to elicit protection when

10 used in prime-boost regimen in combination with a
recombinant vaccinia virus carrying the same antigen
{Bruila-Romero et al. 200la). An experiment to investigate
the capability of prime/boost regimens based on
adenovirus vectors carrying codon-optimized CS and

15 derived from two different serotypes to induce long-
lasting protection against the P. yoelii CS antigen was
designed. This study enrolls Balb/C mice distributed in
experimental groups of 12 mice each. Animals are
immunized by intra-muscular injection of an optimal dose

20 of Ad5AE3 or Ad35AE3 viral vectors carrying either the
P,yoelil CS gene (AdSAE3-CS.Pyoel and Ad35AE3-CS.Pyoel)
or no transgene (Ad5AE3-empty and Ad35AE3-empty). One
group of animals is primed at week 0 with AJ5AE3-CS.Pyoel
and boosted at week 8 with Ad35AE3-CS.Pyoel. Another

25 group of mice is primed at week 0 with Ad35AE3-CS.Pyoel
and boosted at week 8 with Ad5AE3-CS.Pyoel. Other groups
of mice are primed at week O with Ad35AE3-CS.Pyoel or
AdS5AE3-CS.Pyoel and boosted at week 8 with the same
vector. Finally, a control group of mice is primed at

30 week 0 with AdS5AE3-empty and boosted at week 8 with
Ad35AE3-empty. At week 2 post-boost, 6 mice of each group
are sacrificed to allow evaluation and characterization

of humoral and cellular immune responses with



Prinmelchallen a Ad35-PyCS 1 12 2 weeks (6 mce) 2 weeks mce) Prinelchallen
a Ad35 S 10 12 2 weeks 6 mce 2 weeks mce) Prinme/challenge AMenpty 10 8 2
weeks (4 mce 2 weeks (4 mice) 10 Table IV. |nmunization, challenge and

read- out scheshabgoss{sor m ce vaccinations with Ad5. CS. Pfab@T,gﬁggs,@fl@ W th
15 or without anchor), vp = viral particles per nmouse. |munization Viral

vector vp # ELI SPOT/ serum ELI SPOT/ serum schedule mca Prinme Ad5-PICS 1 12 2
weeks 6 mce) 8-8 weeks 6 mice) Prime Ad5-PFCS 10 12 2 weeks 6 nk;e 6-8
weeks 6 nvVce Prine Ad5-PICS 10 12 2 weeks 6 mice 6-8 weeks (6 mce Prine
Ad5-enmpty 10 8 2 weeks (4 mce 6-48 weeks (4 mice Table V. Imunization,

chal | enge and read-out schedules for mce vaccinations with Ad35.CS. Pfalc

(Ad35- PfCS Wi t{lo 0 Orasg\gs}shv(?%# E‘Eﬁw 0 Ferans: SEH%:S ar;il cl es per nouse,

| mruni zat i on nArTE veltor vp serum sefum schedul e mce
Prime Ad352pf Cg‘elri‘?lzﬂl%ék@ic(eﬁf?ﬁ%%Ch@@“Wsc@lh?%d Pri me Ad35-PlI GS 100
12 2 weekswith mleée)apcﬁ«oaomeeksrhe Mm@ el zaPldnechAdBéngBf ££8 10 12 2 weeks 6 mice)

| weeks 6 mL&elye BEL %héﬂﬁéaeﬁpmléovﬁ é’ro\e@@&%n (dhamige) | weeks (4 mce WO
20041055187 PCT? EP2003/ 051019 51 .Tab | runi zation, chal lenge and

r ead- out® s®REFR emf‘f"rfrm%‘tiéllkf? %\°W?’f?§l "L‘ﬁ?o‘g?as\‘ié%%ﬁﬁﬁ‘t‘% on set-up using
Ad5. CS. PyoebksayAde®lPyD8Yn aredreb3s . 881 Tedol the\@36-d8yCS). | mruni zation Viral

vector- Vi rda«.l.crys'&t Qbovel ﬁchL&DQI&ﬁeﬁyﬁséwbﬁ @x@gﬁ algﬁé"%‘i‘m e prinme boost
(after 6 post boost 2 VKks post

boost / chal Pé%é\\é)%e °8mb16’8{6 Cins %re e’@gcg%?c’ De %&’%uﬁyfﬁ %(d35- PyCS 12 2 wks post
boost 2 \/\kéemsﬂeompbbﬂ’s}te/%!hafﬁeﬁgle agecamperey Boagsyinepee) Prime- Ad5- PyCS
Ad35- Py13S 12sed ASeppSih Remst 2 wks post boostlchalle e M boost boost 6 mice)
Prime- Ada -PyCS Ad5-PyC 12 2 wks post boost 2 wks post boost/challenge 8

m ce boost mce 12 2 wks poet boost 2 wks Eost
Example 8. Inducing a long-lasting immunity against

P.falciparum malaria infection by prime-boost regimens
with different adenovirus serotype-based vaccines.

15 An experiment to investigate the ability of
prime/boost regimens based on adenovirus vectors derived
from two different serotypes to induce long-lasting
immunity against the P.falciparum CS antigen was
designed. The study enrolls B10.BR mice distributed in

20 experimental groups of 24 mice each. Animals are
immunized by intra-muscular injection of an optimal dose
of adenoviral vectors carrying either the full length CS
gene (Ad5AE3-CS.Pfalc and Ad35AE3-CS.Pfalc) or the GPI-
anchor sequence minus CS gene (Ad5AE3-CS.Pfalc(-28)/(-14)

25 and Ad35AE3-CS.Pfalc(-28)/(-14)) or no transgene (AdSAE3-
empty and Ad35AE3-empty). One group of animals is primed
at week 0 with Ad5AE3-CS.Pfalc or AdSAE3-CS.Pfalc(-28)/ (-
14) and boosted at week 8 with Ad35AE3-CS.Pfalc or
Ad35AE3-CS.Pfalc(-28)/(-14) . Another group of mice is

30 primed at week O with Ad335AE3-CS.Pfalc or Ad35AE3-
CS.Pfalc(-28) /(~14) and boosted at week 8 with AASAE3-
Cs.Pfalc or AdSAE3-CS.Pfalc(-28)/(-14). Another group of
mice is primed at week 0 with Ad35AE3-CS.Pfalc or
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wks post boost/challen a mce) boost (6 mce) Prinme- AdS-PICS Ad35-PIGS 12
2 WKks post boost 2 wks post boostirchallen a mce boost (6 mce Prine-

Ad35- PI CS Ad5-PI GS 12 2 wks post boost 2 wks post boost/challenge (6 mce

boost 6 mice rime. Ads: e Ad35- e 12 s post boost 2 wks post
boost / chal @%%&Aeég( %’g"r;ﬁfac@ ¢ %%’antgi%l’es ?&%dc%"ﬁé*g%%io‘tfz?%o%i PCT/ EP2003/ 051019
52 REFERENGCES s¥®efeacioRoFitrad-10; aGoerabegrdgegfiimiotdsa G Hafalla JCR, at

al . (2001a),SoiphetRex | ORged A88ARA0eRiQIRAIHRBA08L NRkx S Mal aria of mce
pri med and boosted with two distinct “viral vectors expressing the sane

pl asnodi al 'Eitk iAGEPAE3-PIRSY - Nift Fec AcRndch cBSR 98:1F1BTE-11496 Brufi a- Ronero 0,
Haf al | a 3C bdopt)z 8l ize AnRQuadIAEBFa &% ea@OimelPofat dij ui M Zaval a F. (2001b)

Detection o lLaria 4 i [ ] I d through the bite of a
single Ano%%gﬁeag Angsia%ml\é?%l u%%%&qggs kﬁ%ﬂ:g&soeﬁéé%g%%e real-time PCR Int J

Par asi t ol 3¥™49399454 2 SERYTIHFHE kppvn gens\eid ey o\vEde vander berg JP.
(1973) | nmami @t aorestrited adged .NThe 3pamdzayibe- ichal@ede f al ci parum nal ari a.
AmJ Med SCina2f8a18Q 17 sPBeck98d 1] GranY L RARNRGL:AG rodersRi | - Ui | terwaal MN
Slater uio OaseKcyV onVA\éJ3ghasl!orrnaVc:ai:nAtg?’l:}Aldgg-I coprﬁbiygtr}.ogg Oarrgueq:]pggﬁethoo SH,

to be superior or at least comparable in efficacy as

compared to regimens based solely on AdS5.

Example 9. Inducing an immune response against the

15 P.falciparum CS antigen by prime/boost regimens using
different Adenovirus serotype-based vaccines in non-human
primates,

An example of an experiment useful to investigate
the capability of prime/boost regimens based on

20 adenovirus vectors derived from two different serotypes
to elicit immunity against the P.falciparum CS antigen in
non-human primates is described. Moreover, the effect of
two different routes of vaccine administration, intra-
muscular and intra-dermal, is evaluated.

25 Rhesus monkeys are vaccinated with adenoviral
vectors carrying either the full-length CS gene (AdSAE3~
CS.Pfalc or Ad35AE3-CS.Pfalc) or the GPI-anchor sequence
minus CS gene (AdS5AE3-CS.Pfalc(pf-aa-sub) or Ad35AE3-
CS.Pfalc(pf-aa-sub)). Prime/boost regimens (Ad5 followed

30 by Ad35 or Ad35 followed by Ad5) are compared to
generally applied prime/boost regimens (Ad5 followed by
AdS5 or Ad35 followed by Ad35). Humoral and cellular

immune responses are monitored using immunological assays
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Reapers, Jorn Holterman, Lennart 10 <120> Reconbinant viral -based nmalaria
vacci nes <130> 0084NOOOORD <140> PCT/ EPO3/ XXxxX 15 <141> 2003-12-17 <150>
EP 02102781.8 <151> 2002-12-11 20 <150> PCT/ EP03/50222 <151> 2003-06-12
<160> 19 25wd1@poRadent I n version 3.1 <210> 1 <211> 1198T/ErR®a051DNA 30
<213> Artificial <220> <223> Description of Artificial Sequence: Codon
-optimsed circunsporozo its gene of Plasnodiumfalciparum clone 02 -148
35 <220> <221> CD$ <222> (13)..(1170) <223> 40 <220> <221> aigyeptide
<222> (13)..(102) <223> 45 <400> 1 aagcttgcca cc atg atg agg aaa ctg gcc
atc ctg ago gtg ago ago ttc 51 Msp Met Arg Lye Leu Ala Ile Lou Her Val $er
Bar The 1 5 10 50 ctg ttc gtg gag gcc ctg ttt cag gag tac cag tgc too ggc

agc agc 99 TL&QLQ PﬂeIMnigﬁioé‘,l %hgﬂléng)@%ngr@agout-r%ﬁleﬁl% Cya Tyr d y Ser Bar

15 20 25

for mice vaccinations with Ad5.CS.Pyoel (Ad5-PyCS), vp =

viral particles per mouse.

Immunization Viraivector |vp |# ELISPOT/sorum Challenge
schadule o mice
Prime/challenge | Ad5-PyCS 10° |12 2 weeks (6 mice) 2 weeks (6 mice)
Prime/challenge | Ad5-PyCS 10° [12 | 2 weoks (6 mice 2 weeks (6 mice)
Prime/challenge | Ad5-PyCS 107 [ 12 2 weeks (6 mice 2 weeks (6 mice)
Prime/challenge | Ad5-empty 10° [ 8 2 weeks (4 mice 2 weeks (4 mice)
5

Table III. Immunization, challenge and read-out schedule
for mice vaccinations with Ad35.CS.Pyocel (Ad35-PyCS), vp
= viral particles per mouse. '
Immunization Viralvector |vp |# ELISPOT/serum Challenge
schedule mice
Prime/challenge | Ad35-PyCS 10° [12 2 weeks (6 mice 2 weeks (6 mice
Prime/challenge | Ad35-PyCS 10° |12 2 weeks (6 mice 2 weeks {8 mice
Prime/challenge | Ad35-PyCS 107 |12 2 weeks (6 mice 2 weeks (6 mice
Prime/challenge | Ad35-empty 107 |8 2 weeks (4 mice 2 weeks (4 mice

10
Table IV. Immunization, challenge and read-out schedule
for mice vaccinations with Ad5.CS.Pfalc (Ad5-PfCS, with

15 or without anchor), vp = viral particles per mouse.
Immunization Viral vector vp |# ELISPOT/serum ELISPOT/serum
schedule mice
Prime Ad5-PICS 10° |12 2 weeks (6 mice) 6-8 weeks (8 mice)
Prime Ad5-PiCS 10° |12 2 weoks (6 mice 6-8 woeks (6 mice)
Prime Ad5-PICS 10" [ 12 2 weeks (6 mice 6-8 weeks (6 mice)
Prime Ad5-empty 107 |8 2 weeks (4 mice) 8-8 weeks (4 mice)

Table V. Immunization, challenge- and read-out schedules
for mice vaccinations with Ad35.CS.Pfalc (Ad35-PfCS, with

20 or without anchor), vp = viral particles per mouse.

Immunization Viral vector vp |(# ELISPOT/serum ELISPOT/sorum
schedule mice

Prime Ad35-PfCS 10° 112 |2 weoks (6 mice) | 6-8 weeks (6 mice
Prime Ad35-PfCS 10° |12 2 weeks (6 mice) 6-8 weeks (6 mice
Prime Ad35-PfCS 107 | 12 2 weeks (6 mice) 6-8 weeks (6 mice)
Prime Ad35-empty | 10° | 8 2 weeks (4 mice) 6-8 weeks (4 mice)
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le RS | pme An Abaumr 1
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hn A
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hiopst (8 mice)

sat
2 wis post boost
ﬂmzfg

2 wks post

sat goo 483

a 145 150 155

C gca 531 Aan
60 165 1 70 25
dget 579 Asn Pro
0 185 Sea ace
30 Mh Pro Asn
200 205 set coo
Ann Pro Asn Al a

boost (6 mice)

Table VII. Immunization, challenge and read-out schedule

for mice in a prime-boost vaccination set-up using

Ad5.Cs.Pfalc (Ad5-PfCS) and Ad35.Cs.Pfalc (Ad35-PfCS),
with or without GPI anchor.

Immunization Viral vector- | Viral vector- # ELISPOT/serum | ELISPOT/ser
gchedule prime boost (after8 | mice um

weoks)
Prime-~ Ad5-PICS | Ad5-PICS 12 | 2wks postboost | 6/10/16 wks
boost/challenge (6 mice) post boost (6

mice)

Prime~ Ad35-PICS Ad35-PiCS 12 2 wks post boost | 2 wks post
boost/challenge (6 mice) boost (6 mice)
Prime- Ad5-PICS Ad35-PICS 12 2 wks post boost | 2 wks post
boost/challenge (6 mice) boost (6 mice)
Prime~ Ad35-PICS Ad5-PfCS 12 2 wks post boost | 2 wks post
boost/challenge (6 mice) boost (6 mice)
Prime- AdS-empty | Ad35- empty 12 2 wks post boost | 2 wks post
boost/challenge | (6 mice) boost (6 mice)




35 210 215 220 sea ace sac goo no cog aac get set cog set get aac cog set
get 723 M Pro Ann Ala Ann Pro Wh Ala Asn Pro Ann Ala Aan Pro Mh Ala 225
230 235 40 'at cot aac gas aac ace aat gas aso coo eat gca aao cog aac Qoo
771 Asn Prowvdhoodlossigdsn Pro Aan Ala Asn Pro Aen Al a Aan permepdensoflodd 240 245
250 45 sat ccc aac gcc set cat set goc ace aag aac set cag ggc aac ggc 819
Asn Pro Ann Ala Pan Pro Mh Ala Asn Lys Ann Asn An Ay Aan Ay 255 260 265
cag ggc cac aac atg ccc sac gac ccc aac egg see gtg gac gag aac 867 50 G n
Ay His Aan Met Pro Asn Asp Pro Asn Arg Ann Val Asp G u Asn 270 275 280 285
gcc sac goo sac aac gcc gtg aag s8& aac Sea aeCc gag gag ace age 915 Ala Awn
Ala Ann Asn Ala Val Lys Ann Asn Asn Asa Gu GQu Pro Bar 55 290 295 300 gac
aag cac ate gag cag tac ctg aa&m@gﬁqc@ge cag aac age ctg age 963 Asp Lys His
[le Au @n Tyr Lou Lys Lys Il Gm Ann Ser Lau Bar 305 310 315 60 ace gag
tgg age ccc tgo ago gtg ace tgc ggc aac ggc att cag gtg 1011 Thr du Trp
Ser Pro CyeBudaa-Road¢rolfs GOyzalEkzyAddguidioyadal €, BafrlVal I&20e325 330 65 egg ate
aag ccc %gcala g&20§éd) Saerlgser éeegda = adpr E‘?Fte? aknstac 1059 Arg lle Lyn
Pro @% %“Eﬁ% Plsf“ae g&d %‘ LBUEYAS °t335 340 345 WO

2004/ 0551871]5 EPAIq37 @f @31\ Hpesal gac % gag aag aag atc tgc aag
atg gag aag tgc ago agc n Asn Asp Ile G n Lys Lys 110 Cya Lys M t
G n Lys Cyasrhes-roméro3bP 5355113660,3@5:1za5ezq—12\§edu&6015a&16 @t gat g aac agc gcc atc
ggc ctglattGatrgiutyy Ghgplage. A26GLb) \idte®ion Aghmalalrid/dlivéish Sex Ala Ile Ay
Lau |l e Metsteaes LauriSexirgeoregi/chipgeh the dite pft2 ¢irgke aac t gaagatctq
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<210> 2 15 <211> 386 <212> PRT <213> Artificial <220> 20 <223>
Description of Artificial Sequence: Codon -optim sed circunsporozo its gene
of Plasnodium falciparm clone 02 -148 <400> 2 25 Met Met Arg Lys Lau Ala
Ser walo@@ss18er Phe Lau Phe Val 1 5 10 15 du A@ronsidbeida n G n
Cya Tyr Gy Ser Her Ser Ann Thr 30 20 25 30 Arg Val Lau Ash G n Leu
Asp Ash Ala SIy Thx Ash Lea Tyr 35 40 45 35 Ash Qu Lau G n Mt
Tyr Ay Lys Gn Gn Ash Trp Tyr Ser 50 55 60 40 Lou Lys Lys Ash
Ser Lou Sly A u Asn Asp Asp Sly Ash Ash 65 70 75 80 45 Mh Ash Gy
Ay Arg Qu Gy Lys Asp Gsu Asp Lys Arg Asp 85 90 95 Gy Ash Asa
Ash Qu Lys Leu Axg Lys Pro Lys His Lys Lys 50 100 105 110 Len Lys
Al %ﬁ%p@:%e@*scbf RhO d?é&mPEQrdA@ﬂ: A8 gL Ash 115 120 125 55 Val

Ile
Tyr
Aan
Ash
Her
Asp
Au
Gn
Asp
Val

160
170
Aan

Leu
Adn
Tyr
Tyr
Arg
Ash
Asp
Pro
Pro As
Asp

65
175
Al a

haiAbiemMPa B Ot AS B7 Mak-A3p Pro As AI a Ash Pro Ash 130 135 140 60

Pro Ash Ala Mnh Pro Asn Ala Ash Pro Asn Ala Ash Pro Ash 145 150 155
Al Moham PPamyl SsrpsALE. AdPO4Pr Rechbreméhts fsth Pro Ash Ala Ash Pro Ash 165
N0 dyopvasEghratpdY e bird/ g eoirent AregsimietABRt Pro Asa Ala Mh Pro
kerfioy Hlefhi AL pltpdamsliancglls) gt pREReitis protozoa.
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5 Val Asp Pro Asa Ala Mh Pro Asa Ala Asa Pro Mh Ala Mh Pro Asa 195 200 205
Ala Asa Pro Asa Ala Asa Pro Asa Ala Mh Pro Asa Ala Asa Pro Asa 10 210 215
220 Ala Mh Pro Asa Ala Asa Pro ken Ala Asa Pro Asa Ala W\h Pro Mh 225 230

235 240 15 wbaoAwssiBro Asa Ala Mh Pro Asa Ala Asa Pro Asgpridpedssioly © Asa
245 250 255 20 Ala Asa Pro Asa Ala AsnsLye Asa Mh An dy Mi Ay @n Gy

Hs 260 265 270 25 Asa Met Pro Asa Asp Pro Asa Arg Asa Val Asp GQu ken Al a
Wh Ala 275 280 285 Aan WMh Ala Val Lys Asa Asa Asa Asa Qu Gu Pro Ser Asp
Lys Hs 30 290 295 300 Ile Gu A@n Tyr Leu Lys Lye Ile G n Asn Ser Lau Ser
Thr Gu Trp 305 310 315 320 35 Her Pro Cys Bar Val Thr Cys Ay Asa Gy lle
A@n vVal Arg Ile Lye 325 330 335 40 Pro Sly Ser Ala Asa Lye Pro Lye Asp Qu
Lau Asp Tyr A u M Asp 3403% %QTNGS Ile Au Lys Lye Ile Cys Lys Met Gu
Lys Cys Ser Ser Val Phe Asa 360 365 Val Val Asa Ser Ala lle Sly Leu lle
Met Val Leu Ser Phe Leu Phe 50 370 375 380 Lea Asa 385 55 <210> 3 <211>
386 <212> PARTHUNELLE W asnodi um fal ci parum <220> <221> SI GNAL  <222>

41) . (30? Pau, Maria Grazia

Stegmann, Antonius J.H.
Kaspers, Jorn
Holterman, Lennart

10 <120> Recombinant viral -based malaria vaccines
<130> 0084WO00ORD

<140> PCT/EP03/xxxxx
15 <141> 2003-12-17

<150> EP 02102781.8
<151> 2002-12-17

20  <150> PCT/EP03/50222
<151> 2003 -06-12

<160> 18
25 <170> PatentIn version 3.1

<210> 1
<211> 1193
<212> DNA
30 <213> Artificial

<220>

<223> Description of Artificial Sequence: Codon -optimised clrcumsporozo
35 ite gene of Plasmodium falciparum, clone 02 -148

<220>

<221> CDS

<222> (13)..(1170)

<223>
40

<220>

<221> sig_peptide

<222> (13)..{102)

<223>
45

<400> 1

aagcttgcca cc atg atg agg aaa ctg gcc atc ctg age gtg age age ttc 51

Met Met Arg Lys Leu Ala Ile Leu Ser Val Ser Ser Phe
1 5 10

50

ctg ttc gtg gag gce ctg ttt cag gag tac cag tgc tac gge agc age 99

Leu Phe Val Glu Ala Leu Phe Gln Glu Tyr Gln Cys Tyr Gly Ser Ser

15 20 25

55  agc aac acc cgg gtg ctg aac gag ctg aac tac gac aac gcc ggc acc 147
Ser Asn Thr Arg Val Leu Asn Glu Leu Asn Tyr Asp Asn Ala Gly Thr
30 35 40 45

aac ctg tac aac gag ctg gag atg aac tac tac ggc aag cag gag aac 195
60 Asn Leu Tyr Asn Glu Leu Glu Met Asn Tyr Tyr Gly Lys Gln Glu Asn
50 55 60

tgg tac agc ctg aag aag aac agc cgg tct ctg ggc gag aac gac gac 243
Trp Tyr Ser Leu Lys Lys Asn Ser Arg Ser Leu Gly Glu Asn Asp Asp
65 65 70 75



65 <223> <220> <221> REPEAT WD 2004/ 055187 PCT/ EP2003/ 051019 5/18 <222>
(124)..(259) <223> Region of 4 NVDP and in total 30 NAVP repeats 5 <220>
<221> LIPID <222> (359)..(386) <223> GPI-ANCHOR 10 <220> <221> MJTAGEN
<222> (373) wo 2008ps551€23> Set to Al a substitution, elim natirar20db/051019

gl ycosylation site 15 <400> 3 Met Men#hrg Lye LOU Ala Ile Leu Set Val Her

Set
Ay
Al a
Adn
Au
Lys
Arg
Pro

Pbe LOU Phe Val 20 1 5 10 15 du Ala LOU Phe Gn Qu Tyr @n eye Tyr
Set Set Ser Mh Thr 20 25 30 25 Arg Val LOU Ass Qu Len Asn Tyr Asp ABU
Gy Thr Mh LOU Tyr 35 40 45 30 Mh Gn Lau Gu Met Asn Tyr Tyr Gy Lys
Gn Aan Trp Tyr Set 50 55 60 35 LQU Lye Lye Ran Ser Arg Set LOU Gy
Asn Asp Asp Ay Asn Asn 65 70 75 80 M Asn Ay Asp Asn Ay Arg Gn Ay
Asp d Y, AsP.. ASPanc c o Asp,du Asp Aan Gu Lye LQU
Lys Pr ggyﬁéﬁl\shﬁ éﬁfygtgy@;‘e)asn ;;% cg?cégglgk%ggguf% y£eLlGi n Pro Ala Asp Ay M
Asp Pro Ass*®Ala Mh Pro Rsn 115 126°125 50

5 aag cgg gac ggc aaC aac gag gac aac gag aag ctg Cgg aag ccc aag 339
Lys Arg Asp Gly Asn Asn Glu Asp Asn Glu Lys Leu Arg Lys Pro Lys
95 100 105
cac aag aaa ctt aag cag CCC gecc gac gge aac ©CC gac ccC aac gcc 387
10 His Lys Lys Leu Lys Gln Pro Ala Asp Gly Asn Pro Asp Pro Asn Ala
110 115 120 125
aac ccc aac gtg gac ccc aac gec aat cct aat gtc gac ccc aat gece 435
Asn Pro Asn Val Asp Pro Asn Ala Asn Pro Asn Val As p Pro Asn Ala
15 130 135 140
aat ccg aac gtt gat ccc aat gecg aat cct aac gect aac ccc aat gec 483
Asn Pro Asn Val Asp Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
145 150 155
20
aac cca aat gcc aat cca aat gca aat ccc aac gcc aat cca aac geca 531
Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
160 165 170
25 aac cct aat gct aat cca aac gct aat cct aat gec aat ccc aat get 579
Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
175 180 185
aac cca aac gtc gat cct aac gca aat ccg aac gct aac ccc aac gcea 627
30 Asn Pro Asn Val Asp Pro Asn Ala Aen Pro Asn Ala Asn Pro Asn Ala
190 195 200 205
aat ccc aac gct aac ccg aac gca aac cct aac gcc aat ccg aat gee 675
Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Rla
35 210 215 220
aac cca aac gcc aac ccg aac gct aat ccg aat get aac ceg aat gct 723
Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
225 230 235
40
aat cct aac gca aac cca aat gca aac ccc aat gca aac ccg aac gec 771
Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Al a Asn Pro Asn Ala
240 245 250
45 aat ccc aac geec aat cct aat gec aac aag aac aat cag ggc aac ggce 819
Asn Pro Asn Ala Asn Pro Asn BRla Asn Lys Asn Asn Gln Gly Asn Gly
255 260 265
cag ggc cac aac atg ccc aac gac coc aac Cgg aac gtg gac gag aac 867
50 Gln Gly His Asn Met Pro Asn Asp Pro Asn Arg Asn Val Asp Glu Asn
270 215 280 285
gcc aac gcc aac aac gcc gtg aag aac aac aac aac gag gag Ccc agce 915
Ala Asn Ala Asn Asn Ala Val Lys Asn Asn Asn Asn Glu Glu Pro Ser
55 290 295 300
gac aag cac atc gag cag tac ctg aag aag atc cag aac agc ctg agc 963
Asp Lys His Ile Glu Gln Tyr Leu Lys Lys Ile Gln Asn Ser Leu Ser
305 310 315
60
acc gag tgg agc ccc tgc agc gtg acc tgc ggc aac ggc att cag gtg 1011
Thr Glu Trp Ser Pro Cys Ser Val Thr Cys Gly Asn Gly Ile Gln Val
320 325 330
65 cgg atc aag ccc gge age gec aac aag ccc aag gac gag ctg gac tac 1059

Arg Ile Lys Pro Gly Sexr Ala Asn Lys Pro Lys Asp Glu Leu Asp Tyr
335 340 345



Val

Asp Pro Asn Ala Asn Pro Asn Val Asp Pro Ass Ala Asn Pro Asn 130 135 140

55 Val Asp Pro Asn Ala Ran Pro Asn Ala Ran Pro Mh Ala Mh Pro Asn 145 150 155

160
175
190
200
Ann
Pro
Al a
Ann
Ann
Val
Gn
Ser

35 Pro Gy

350
360

Ala Asn Pro Aso Ala Mh Pro Mh Ala Mnh Pro WMnh Ala ken Pro Ran 60 165 170
Al a ken vooodessisd a Mh Pro Mh Ala Asn Pro Ann Al a AspdiyEP26%8/0510180 185
65 Val Asp Pro Asn Ala Asn Pro kensAla Ann Pro Asn Ala Mh Pro Asn 195
205 WD 2004/ 055187 PCT/ EP2003/ 051019 6/18 Ala Mn Pro Asn Ala Asn Pro
Ala Mh Pro Asn Ala Asn Pro Ass 210 215 220 5 Ala Mh Pro Ann Al a Asn
Mh Ala Mh Pro Aso Ala Asn Pro Asn 225 230 235 240 10 Ala Asn Pro Ann
Ass Pro Ann Ala Mh Pro Mn Ala Asn Pro Asn 245 250 255 15 Ala Wh Pro
Ala Asa Lys Ann Asn An Ay Mi Ay An Ay Hs 260 265 270 Asn Met Pro
AsSp Pr o, My ALl ASH 2¥Aas APl ésggqﬁl,agcl\d;t; Aba 28 275 280 285 Asn Am Al a
Lys AsomsAsm AfRrie ﬂnn-srﬂwﬂ@cus Fils@e el Lksqys Eey§exH| s 290 295 300 25 1le Gn
Tyr élf/lu ?_ys Lys 118%a n Ann Ser®Leu Ser Thi” @ u Trp 305 310 315 320 30
Pro sat tg(Gelyat rVall*Arg Ile Lys 325 330 335
ﬁgggc Fa Asn“%‘ gﬁq q;y‘&tw““ "Asp Tyr G u Mh Asp 340 345
no A u.Lys Lys, D t% 3 %/?t Gu Lys Cys Ser 68X Val The Ann 40 355

365 1val §§§/a§u gt eu Ile Met Val Lou Ser Phe Lou Phe
385

<210> 2
15 <211> 386
<212> PRT
<213> Artificial

<220>
20  <223> Description of Artificial Sequence: Codon ~optimised circumsporozo
lte gene of Plasmodium falciparum, clone 02 -148

<400> 2

25  Mst Met Arg Lys Leu Ala Ile Leu Ser Val Ser Ser Phe Leu Phe Val
h S 10 15

Glu Ala Leu Phe Gln Glu Tyr Gln Cys Tyr Gly Ser Ser Ser Asn Thr
30 20 25 30

Arg Val Leu Asn Glu Leu Asn Tyr Asp Asn Ala Gly Thr Asn Leu Tyr
35 40 45
35

Asn Glu Leu Glu Met Asn Tyr Tyr Gly Lys Gln Glu Asn Trp Tyr Ser
50 55 60

40
Leu Lys Lys Asn Ser Arg Ser Leu Gly Glu Asn Asp Asp Gly Ash Asn
65 70 75 80

45  nen Asn Gly Asp Asn Gly Arg Glu Gly Lys Asp Glu Asp Lys Arg Asp
85 90 95

Gly Asn Asn Glu Asp Asn Glu Lys Leu Arg Lys Pro Lys His Lys Lys
50 100 105 110

Leu Lys Gln Pro Ala Asp Gly Asn Pro Asp Pro Asn Ala Asn Pro Asn
115 120 125
55

Val Asp Pro Asn Ala Asn Pro Asn Val Asp Pro Asn Ala Asn Pro Asn
130 135 140

60
vVal RAsp Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
145 150 155 160

65  Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
165 170 175



370 375 380 45 Leu Mn 385 50 <210> 4 <211> 1154 <212> DNA <213>
Artificial 55 <220> <223> Description of Artificial Sequence: Codon
-optimsed circunmaporozo its gene of Plasnodium fal ci parumstrain 3D7,

cl one 02- 65QPRoFdddy <221> cos <222> (13)..(1128) <22persbr63ledne<221>
sig peptide <222> (13)..(102) <223>44® 2004/055187 PCT/ EP2003/ 051019 7/18
<400> 4 aagcttgcca cc atg atq agg aaa ctg gee atc ctg ago gtq age age ttc 51
Met Net Arg Lye Leu Ala Ile Leu 8er Val Ser 8er Phe 5 1 5 10 otg ttc gtg gag
gee ctg ttt cag gag tan cag tgc tac ggc ago age 99 Leu Phe Val Gu Al a Leu
Phe Gn GQu Tyr An Cys Tyr Gy Ser Ser 15 20 25 10 age sac ace cgg gtg ctg
aac gag ctg aac tan gac sac gee ggc sec 147 Ser Ann Thr Arg Val Leu Asn QU
LOU M Tyr ,ASR ADadhadh & Yoo B 213 Qardeo ﬁQnﬁim %easaC Ctg tan sac gag otg gag
atg sac tac tac ggo aag cag gmg sac Aan Leu Tyr Asn QU LOU G u Met Asn
Tyr Tyr Ay Lys G n du Asn 50 55 60 tgg tac age ctg nag as g aac age cgg
tot ct g Sgg(galga:gl’rsa_@ Age@ ga(}\ale]l.g Asn Pro Asn Ala Asn Pro Asn

205

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
10 210 215 220

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn

225 230 235 240
15
Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
245 250 255
20
Ala Asn Pro Asn Ala Asn Lys Asn Asn Gln Gly Asn Gly Gln Gly His
260 265 270

25  Asn Met Pro Asn Asp Pro Asn Arg Asn Val Asp Glu Asn Ala Asn Ala
275 280 285

Asn Asn Ala Val Lys Asn Asn Asn Asn Glu Glu Pro Ser Asp Lys His
30 290 298 300

Ile Glu Gln Tyr Leu Lys Lys Ile Gln Asn Ser Leu Ser Thr Glu Trp
305 310 315 320
35

Ser Pro Cys Ser Val Thr Cys Gly Asn Gly Ile Gln Val Arg Ile Lys
325 330 335

40
Pro Gly Ser Ala Asn Lys Pro Lys Asp Glu Leu Asp Tyr Glu Asn Asp
340 345 350

45 Ile Glu Lys Lys Ile Cys Lys Met Glu Lys Cys Ser Ser Val Phe Asn
355 360 365

Val Val Asn Ser Ala Ile Gly Leu Ile Met Val Leu Ser Phe leu Phe
50 370 375 380

Leu Asn
385
55

<210> 3
<211> 386
<212> PRT
60 <213> Plasmodium falciparum

<220>

<221> SIGNAL

<222> {1})..(30)
65  <223>

<220>
<221> REPEAT



20 Trp Tyr Bar Leu Lye Lys Asn 8er Arg Ser LOUQdy Gu M Asp Asp 65 70 75
ggc sac no sac an ggc gaa sac ggc cgg gag ggo aag gac ga g gac 291 dy Asn
Asn Aen v\h Ay Asp Asn Ay Arg Qu Ay Lys Asp Gu Asp 25 80 85 90 aag cgg
gee ggc sac w@soAss1§AC sac gag sag ctg egg aaq coo aagd 3Q/epaiesofoph Asp Ay
Aen Aen Gu Asp Ann Qu Lys LOU Arg LgggPro Lys 95 100 105 30 can sag aaa
ctt aag oag co0O gee gac ggc ne ccc gee coo sac gee 387 Hi s Lye Lye LQU Lys
G@n Pro Ala Asp Ay Wh Pro Asp Pro A an Ala 110 115 120 125 35 aac ccc sac
gtg gac coo sac gee mat cot eat gtc gac coo mat gee 435 WM Pro Aen Val Asp
Pro An Ala Mh Pro Ann Val Asp Pro Ann Ala 130 135 140 sat cog sac gtt gat
coo sat gcg mat cot sac get sac coo sat gee 483 40 Asn Pro Mh Val Asp Pro
M Ala Ann B0 M), A.@,Aen Pro Mh Ala 145 150 155 no coa set gee set one,
mat gee Set<nn&efaCosgoeni®db i€ ERaSAacavgeged3l Asn Pro Aen Ala Ann Pro Mh Al a
Aan Pro WMn Ala Aan Pro Mn Ala 45 160 165 170 aac net mat get sat cca aac
(jet matScok2osat gee ast coo mat get 579 Asn Pro Aen Ala Mh Pro Mh Ala Asn
Pro Ann Al a:ﬁéérf;ﬂ%?owm Ala 175 100 185 50 sac cca aac gtc gat cot sac gca
aat cog sac?ijotcPLaCHRC 0 aac gee 627 WM Pro Wh Val Asp Pro Ann Ala Aen Pro
Mh Ala Aso Pro vn Ala 190 195 200 205 55 aat ccc an get aac cog aac gca aac
net sac geeigzgt &&g mat gee 675 Aen Pro Asn Ala Aan Pro Ann Ala WMh Pro Asn
Ala Mh Pro >:&£ﬁ). &) 215 220 aac one sac gcc aac cog sac get aat cog aat
got sac,gog?itats ey A1y 231 BYASH PRE VR AP M PE® Mh Ala Mh Pro Aen Ala Mh P
ro v a 225 230 235 sat cot sac gca aac cca sat gee sac coo mat gca sac
cog no gcc P13 Mh Pro Mn Ala Ann Pro Mh Ala Mh Pro Mh Ala Asn Pro Mh Al a 65
240 245 23501@\/\& 28044 ?5511a8ﬁie E&IEA:E&Q@&S#@E&O&@:M val

Glu Ala Leu Phe Gln Glu Tyr Gln Cys Tyr Gly Ser Ser Ser Asn Thr
20 25 30
25

Arg Val Leu Asn Glu Leu Asn Tyr Asp Asn Ala Gly Thr Asn Leu Tyr
35 40 45

30

Asn Glu Leu Glu Met Asn Tyr Tyr Gly Lys Gln Glu Asn Trp Tyr Ser
50 55 60

35 ILeu lLys Lys Asn Ser Arg Ser Leu Gly Glu Asn Asp Asp Gly Asn Asn
© 6% 10 75 80

Asn Asn Gly Asp Asn Gly Arg Glu Gly Lys Asp Glu Asp Lys Arg AsSp
85 90 95

40
Gly Asn Asn Glu Asp Asn Glu Lys Leu Arg Lys Pro Lys His Lys Lys
1060 105 110
45
Leu Lys Gln Pro Ala Asp Gly Asn Pro Asp Pro Asn Ala Asn Pro Asn
115 120 125
50

Val Asp Pro Asn Ala Asn Pro Asn Val Asp Pro Asn Ala Asn Pro Asn
130 135 140

55  val Asp Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asan Pro Asn
145 150 155 160

Ala Asn Pro Asn Ala Asn Pro Agn Ala Asn Pro Asn Ala Asn Pro Asn
60 165 170 175

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
180 185 180
65

Val Asp Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
185 200 205



8/ 18 Sat ccc aac gcc Sat cct sat gcc sac Sag sac eat cag ggc sac ggc 819

Asa
cag
Hi s
aac
Al a
can
Lye
ago
Pro
ccc
Ay
atc
Au
gtg
Ann

Pro Ann Ala Asn Pro Mh Ala Asn Lys Asn Ann Gn Gy Ann Ay 255 260 265 5
ggc cac sac atg ccc aac gac ccc sac egg sac gtg gac gag aac 867 Gn Qy
Asa Met wi RofBBigAsp Pro Asa Arg Ann Val Asp G u Asn BébpBbasasdfle285 dcc
gcc sac age gcc gtg eag sac sac aggsgsac gag gag one age 915 10 Ala Ass
WMh Her Ala Val Lys Ann Asa W\h v\h Qu G u Pro Ser 290 295 300 gac Sag
atc Sag gag tan ctg aao eag ate cag sac agc ctg agc 963 Asp Lys His Ile
Gu Tyr Lau Asn Lys Ile @ n Asn Ser Lau Her 15 305 310 315 we gag tgg
ccc tgc agc gtg see tgc ggc Sac ggc att cag gtg 1011 Thr Gu Trp Her
Cys Ser Val Thr Cys Ay Ann Ay Ile @n Val 320 325 330 20 cgg etc eag
ggc age gcc sac Sag ccc eag gac gag ctg gac tan 1059 Arg Ile Lys Pro
Ser Ala Ann Lys Pro Lys Asp A u Lou Asp Tyr 33% 34D 345 25 gcc eat gac
gag ealj*$gdraterrde gagrityrydy Eadtycratd age 1107 Ala Asn Asp lle
LynsLys Ile Cys Lyn Met Qu Lys Cys Ser Ser 350 355 360 365 gtg ttc sac

gt g aag,t&G.d AatAaa0AL 2Lt AChdatAds 993LCE, 454 30 Val Phe Asn Val Val
Ser 37@5 <210> 5 3B <211> 372 23<212> PRT 24&213> Artificial <220> 40

<223> Dgscription of Artificial Sequence: Codon -optim sed circunsporoao

its
Mat
Al a

gene o#lalﬂin&’sqrbdigigmﬂta?veikpaﬁrlugqgsvtvﬂab nla3ED7P,;° ghone 02 -659 <400> 5 45 Met
Arg Lye LQU Al a Pl e Lea ser®™al Ser Ser *fhe Leu Phe Val 1. $ 10 15 du
Leq.f)PhS.a %nr}:oqstlijm-la-ylxl;n G n SGlIX‘.#EyJ@:le%ErGlyS il.:s Ser Asn Thr 50 20 25 30

Lys Asn Xsn
260 265 270

Asn Met Pro Asn Asp Pro Asn Arg Asn Val Asp Glu Asn Ala Asn Ala
20 275 280 285

Asn Asn Ala Val Lys Asn Asn Asn Asn Glu Glu Pro Ser Asp Lys His
290 295 300
25 .

Ile Glu Gln Tyr Leu Lys Lys Ile Gln Asn Ser Leu Ser Thr Glu Txp
305 310 315 320

30

Ser Pro Cys Ser Val Thr Cys Gly Asn Gly Ile Gln Val Arg Ile Lys
325 330 335

35 pro Gly Ser Ala Asn Lys Pro Lys Asp Glu Leu Asp Tyr Glu Asn Asp
340 345 350

Ile Glu Lys Lys Ile Cys Lys Met Glu Lys Cys Ser Ser Val Phe Asn
40 355 360 365

Val Val Asn Ser Ala Ile Gly Leu JYle Met Val Leu Ser Phe Leu Phe

370 375 380
45
Leu Asn
385
50
<210> 4
<211> 1154
<212> DNA
<213> Artificial
55
<220>
<223> Description of Artificial Sequence: Codon -optimised circumsporozo
ite gene of Plasmodium falclparum strain 3D7, clone 02-659
60 <220>
<221> CDS
<222> (13)..(1l128)
<223>
65 <220

<221> sig peptide
<222> (13)..(102)
<223>



Arg Val Lou Asn GQu LeU Aen Tyr Asp Ann Ala Gy Thr Asa Leu Tyr 35 40 45
55 Aso Gu Leu u Met Asn Tyr Tyr Ay Lye Gn Gn Ann Trp Tyr Ser 50 55 60
60 Lau Lys Lye Ann Bar Arg Her Lau Gy G u Ann Asp Asp Gy Asn Ann 65 70 75
80 65 Asn W febdoshfsd Asn Ay Arg Au Ay Lye Asp G n ASPCTiEB2088/@G1ASP 85 90
95 WO 2004/ 055187 PCT/ EP2003/ 051019 9188 Ay Mi Aen G n Asp Asn Qu Lys Lau
Arg Lye Pro Lys H's Lye Lys 100 105 110 5 Lau Lys Gn Pro Ala Asp Ay Asa
Pro Asp Pro Aen Ala Mh Pro Asa 115 120 125 Val Asp Pro Wvh Ala Asa Pro Asa
Val Asp Pro v\nh Ala WMn Pro Mh 10 130 135 140 Val Asp Pro Asa Ala Asa Pro Asa
Ala Asa Pro \nh Ala lan Pro Mh 145 150 155 160 15 Ala Asa Pro Asa Ala M
Pro \n Ala Aen Pro Asn Ala Asa Pro Asa 165 170 175 20 Ala Mh Pro M Al a
Asa Pro Asa Ala Mh Pro Mh Ala Ass Pro Mh 180 185 190 25 Val Asp Pro Mh Al a
Asa Pro Asa«#bas Asa Pro Mh Ala Mh Pro Asn 195 200 205 Ala Asa Pro Asa Al a
Asa Pro NMh AFEIRIE BF G "B"‘eﬁ Mﬂ?}‘cﬁtﬁbﬁ 93 $16:°215°220 Ala Asa Pro Asa Al a
Asa Pro Fh Ala Mh Pro Asa Al & Asa Pro Aewr 225 230 235 240 35 Ala Asa Pro

M Al a Asa B @cARAsAbd Asa: RIcQ.,ea & @ M Rrg fsa 245 250 255 40 Al a Asa
Pro Mn Al a th‘sisysl%salaﬂcs‘a?;oesﬁeefyﬂrﬁhﬂgweyrﬁeﬂey Hs 260 265 270

10
agc aac acc cgg gtg ctg aac gag ctg aac tac gac aac gcc ggc acc 147
Ser Asn Thr Arg Val Leu Asn Glu Leu Asn Tyr Asp Asn Ala Gly Thr
30 35 40 45
15 aac ctg tac aac gag ctg gag atg aac tac tac ggc aag cag gag aac 185
Asn Leu Tyr Asn Glu Leu Glu Met Asn Tyr Tyr Gly Lys Gln Glu Asn
50 55 60
tgg tac agc ctg aag aa g aac agc cgg tct ctg ggc gag aac gac gac 243
20 Trp Tyr Ser Leu Lys Lys Asn Ser Arg Ser Leu Gly Glu Asn Asp Asp
65 70 15
ggc aac aac aac aac ggc gac aac ggc cgg gag ggc aag gac ga g gac 291
Gly Asn Asn Asn Asn Gly Asp Asn Gly Arg Glu Gly Lys Asp Glu Asp
25 80 85 20
aag cgg gac ggc aaC aac gag gac aac gag aag ctg cgg aag ccc aag 339
Lys Arg Asp Gly Asn Asn Glu Asp Asn Glu Lys Leu Arg Lys Pro Lys
95 100 105
30
cac aag aaa ctt aag cag ccc gce gac gge aac Coc gac Cccc aac gcc 387
His Lys Lys Leu Lys Gln Pro Ala Asp Gly Asn Pro Asp Pro A sn Ala
110 115 120 125
35 aac ccc aac gtg gac ccc aac gcc aat cct aat gtc gac ccc aat gee 435
Asn Pro Asn Val Asp Pro Asn Ala Asn Pro Asn Val Asp Pro Asn Ala
130 135 140
aat ccg aac gtt gat ccc aat gcg aat cct aac get aac ccc aat gec 483
40  Asn Pro Asn Val Asp Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
145 150 155
aac cca aat gcc aat cca aat gca aat ccc aac goc aat cca aac gca 531
Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
45 160 165 170
aac cct aat gct aat cca aac gct aat cct aat gec aat ccec aat get 579
Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
175 180 185
50
aac cca aac gtc gat cct aac gca aat ccg aac get aac cc ¢ aac gea 627
Asn Pro Asn Val Asp Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
190 195 200 205
55 aat ccc aac gct aac ccg aac gca aac cct aac gec aat ccg aat gec 675
Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
210 215 220
aac cca aac gcc aac ccg aac gect aat ceg aat get aac cecg aat get 723
60 Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn P ro Asn Ala
225 230 235
aat cct aac gca aac cca aat gca aac ccc aat gca aac ccg aac gcc 711

Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala
65 240 245 250



45 Asn Met Pro Asa Asp Pro Asn Arg Mh Val Asp Qu Asnn Ala Mh Ala 275 280
285 Asa Ser Ala Val Lys WMh Asa Asa Asa Qu Oe Pro Sex Asp Lye H's 50 290
295 300 Ile Lys Qu Tyr Lau Asa Lys Ile G n Asn Ser Lau Ser Thr u Trp 305

310 315 320wRgoaasisr © Cys Sex Val Thr Cya Gy Asa Gy péprpdotsoéadioArg Ile
LyS 325 330 335 60 Pro Ay Ser Alagga Lye Pro Lye Asp Gu Lau Asp Tyr Ala

Asa Asp 340 345 350 65 1le Qu Lys Lye Ile Cye Lys Net A u Lys Cya Ser Ser
Val the Aen 355 360 365 WD 2004/ 055187 PCT/ EP2003/ 051019 10/18 Val Val ken
Bar 370 5 <210> 6 <211> 372 <212> PST <213> Pl asnodi um fal ci parum 10
<220> <221> SIGNAL <222> (1)..(30) <223> 15 <220> <221> REPEAT <222>
(124)..(259) <223> Region of 4 NVDP and in total 30 NAVP repeats 20 <220>

221> LIPI D, 52 5 7 400> 6 Met Net A
Lve Lau N SR s e e ;%f%tgﬁguﬁggﬁ o <4007 6 WeL et Arg

255 250 265

5 cag ggc cac aac atg ccec aac gac ccc aac cgg aac gtg gac gag aac 867
Gln Gly His Asn Met Pro Asn Asp Pro Asn Arg Asn Val Asp Glu Asn
270 275 280 285

gce aac gcc 8ac age gec gtg aag aac aac aac aaC gag gag ccc age 915
10 Ala Asn Ala Asn Ser Ala Val Lys Asn Asn Asn Asn Glu Glu Pro Ser
290 295 300

gac aag cac atc aag gag tac ctg aac aag atc cag aac agc ctg age 963
Asp Lys His Ile Lys Glu Tyr Leu Asn Lys Ile Gln Asn Ser Lou Ser
15 305 310 315

acc gag tgg age ccc tge age gtg acc tge ggc aac ggc att cag gtg 1011
Thr Glu Trp Ser Pro Cys Ser Val Thr Cys Gly Asn Gly Ile Gln val
320 325 330
20 .
cgg atc aag cce ggc age gcc aac aag CCC aag gac gag ctg gac tac 1059
Arg Ile Lys Pro Gly Ser Ala Asn Lys Pro Lys Asp Glu Leu Asp Tyr
335 340 345

25  gec aat gac atc gag aag aag atc tgc aag atg gag aag tgc agc age 1107
Ala Asn Asp Ile Glu Lys Lys Ile Cys Lys Met Glu Lys Cys Ser Ser
350 355 360 365

gtg ttc aac gtg gtg aac tcc tgataaagat ctgctgataa ggatce 1154
30 Val Phe Asn Val Val Asn Ser
370

<210> 5
35 <211> 372
<212> PRT
<213> Artificial

<220>
40 <223> Description of Artificial Sequence: Codon =-optimised circumsporozo
ite gene of Plasmodium falciparum strain 3D7, clone 02 =659

<400> 5

45 Met Met Arg Lys Leu Ala Ile Leu Ser Val Ser Ser Phe Leu Phe Val
1 5 10 15

Glu Ala Leu Phe Gln Glu Tyr Gln Cys Tyr Gly Sex Sexr Ser Asn Thr
50 20 25 30

Arg Val Leu Asn Glu Leu Asn Tyr Asp Asn Ala Gly Thr Asn Leu Tyr
35 40 45
55

Asn Glu Leu Glu Met Asn Tyr Tyr Gly Lys Gln Glu Asn Trp Tyr Ser
50 55 60

60
Leu Lys Lys Asn Ser Arg Ser Leu Gly Glu Asn Asp Asp Gly Asn Asn
65 70 75 80

65  Asn Asn Gly Asp Asn Gly Arg Glu Gly Lys Asp Glu Asp Lys Arg Asp
85 90 95



301 51015 du Ala Lau Phe dn Qu Tyr Gn Cys Tyr Gly Bar Bar Bar Asa
Thr 20 25 30 35 Arg Val Leu Asa Qu Lau Wn Tyr Asp ken Ala Ay Thr ken Lau

Tyr 35
Tyr Bar
Gy Asa
Lys Arg
H s Lye
Al a Asn
Asn Al a
Pro Asn

40 45 40 Asn Gu Lau Au Met ken Tyr Tyr Ay Lye Gn Qu Aso Tip
Sowabbfss® Lou Lys Lys Asn Bar Arg 8er Lau G yctAEpofsnsicdsp Asp
ken 65 70 75 80 Asn Mh Gy AgpsAsn Ay Arg Qu Gy Lys ASP GLU Asp
Asp 50 85 90 95 Ay Ann ken Qu Asp Asa Qu Lye Leu Arg Lye Pro Lye
Lye 100 105 110 55 Leu Lye G n Pro Ala Asp Ay Ann Pro Asp Pro ken
Pro Asn 115 120 125 60 Val Asp Pro Ann Ala Mh Pro ken Val Asp Pro
Mh Pro Asn 130 135 140 65 Val Asp Pro Asa Ala Asa Pro Aso Al a ken
Ala Ann Pro Asn 145 150 155 160 WD 2004/ 055187 PCT/ EP2003/ 051019

11/ 18 Al a AYRecPhPehSh A BvANLPRY BSAo Nsanfgar2r 0 Asn Ala Aan Pro Asn 165

170 175
180 185

5 Ala AntPoPro Ann Al #5Asa Pro As#t® Ala Aan Pro Ann Ala Asn Pro Ann
190 Val Asp Pro Mh Ala Mn Pro Asa Ala Ann Pro Ann Ala Mh Pro Mh 10

195 200 SZOE“quGiW°PF%“WY@§3iP”A§W Py n R 2 e Atn Pro Ann Ala Mh Pro Mn  210.

215 220 15 Ala Asn Pro M\nh Ala Wvh Pro Ann Ala Mh Pro Wvh Ala Asn Pro Ann 225
230 235 240, 120, AhR aANMPER 4858 Ab3A0R AEN% ADR,.Al @ Asn Pro Mh Ala M Pro Asn
10 130 135 140
Val Asp Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
145 150 155 160
15
Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
165 170 175
20
Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
180 185 130
25  val Asp Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
185 200 205
Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
30 210 215 220
Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
225 230 235 240
35
Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
245 250 255
40
Ala Asn Pro Asn Ala Asn Lys Asn Asn Gln Gly Asn Gly Gln Gly His
260 265 270
45  Asn Met Pro Asn Asp Pro Asn Arg Asn Val Asp Glu Asn Ala Asn Ala
275 280 285
Asn Ser Ala Val Lys Asn Asn Asn Asn Glu Glu Pro Ser Asp Lys His
50 290 295 300
Ile Lys Glu Tyr Leu Asn Lys Ile Gln Asn Ser Leu Ser Thr Glu Trp
305 310 315 320
55
Ser Pro Cys Ser Val Thr Cys Gly Asn Gly Ile Gln Val Arg Ile Lys
325 330 335
60
Pro Gly Ser Ala Asn Lys Pro Lys Asp Glu Leu Asp Tyr Ala Asn Asp
340 345 350
65  Ile Glu Lys Lys Ile Cys Lys Met Glu Lys Cys Ser Ser Val Phe Asn

355 360 365



245
Hi s
Al a
Lys
Thr
I'le
Au
Lys

250 255 25 Ala Asa Pro Ann Ala Asn Lys Mnh Ann Gn Ay Ann Gy d@n Sly
260 265 270 Asn Net Pro Ann Asp Pro Asn Arg Asn Val Asp Gu Ann Ala Asa
30 275 280 285 Mh Ser Ala Val Lye Asn Mh Asn Asn Gu GQu Pro Car Asp
Hs 29Gv@%m4/840s7 35 Il e Lye G u Tyr Leu Ann Lys || e r@rErémaogers Leu Ser
GL u Trp 305 310 315 320 40 Ser ®h1®» Cys Sar Val Thr Cys Ay Asa Gy
Gn Val Arg Ile Lys 325 330 335 45 Pro Ay Ser Ala Asn Lys Pro Lys Asp
Leu Asp Ty r Ala Mh Asp 340 345 350 Ile Glu Lys Lys Ile Cys Lys Met Qu
Cys Her Ser Val Phe Asa 50 355 360 365 Val Val Asn Her 370 55 <210> 7

<211> 1115 <212> DNA 60 <213> Artificial <220> <223> Descri ption of
Artificial Sequence: Codon -optimsed cirrcunsporoz cite gene of Plasnodi um
yoelii, cl omevaDrnsd49 65 <220> <221> CDS <222> 117)..11084) WO 2004/ 055187
PCT/ EP2003/ 05¥019 12/18 <223> <220> <221> sig_peptide 5 <222> (17)..(73)
<223>

<210> 6

<211> 372

<212> PRT

<213> Plasmodium falciparum

10 <220>
<221> SIGNAL
<222> (1)..(30)
<223>

15  <220>
<221> REPEAT
<222> {124)..(259)
<223> Region of 4 NVDP and in total 30 NAVP repeats

20
<220>
<221> LIPID
<222> (359)..1372)
<223> GPI-ANCHOR
25
<400> 6
Met Met Arg Lys Leu Ala Ile Leu Ser Val Ser Ser Phe Leu Phe Val
30 1 5 10 15
Glu Ala Leu Phe Gln Glu Tyr Gln Cys Tyr Gly Ser Ser Ser Asn Thr
20 25 30
35
Arg Val Leu Asn Glu Leu Asn Tyr Asp Asn Ala Gly Thr Asn Leu Tyr
35 410 45
40

Asn Glu Leu Glu Met Asn Tyr Tyr Gly Lys Gln Glu Asn Trp Tyr Ser
50 55 60

45  Leu Lys Lys Asn Ser Arg Ser Leu Gly Glu Asn Asp Asp Gly Asn Asn
65 70 75 80

Asn Asn Gly Asp Asn Gly Arg Glu Gly Lys Asp Glu Asp Lys Arg Asp
50 85 90 95

Gly Asn Asn Glu Asp Asn Glu Lys Leu Arg Lys Pro Lys His Lys Lys
100 105 110
55

Leu Lys Gln Pro Ala Asp Gly Asn Pro Asp Pro Asn Ala Asn Pro Asn
115 120 125

60
Val Asp Pro Asn Ala Aen Pro Asn Val Asp Pro Asn Ala Asn Pro Asn
130 135 140

65 val Asp Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
145 150 155 160



<400> 7 aagcttgcta gccacc atg aag aag tgc ace etc ctg gtg gtg gcc age ctg 52
10 Net Lye Lye Cya Thr Ile Leu Val Val Ala Ser Leu 1 5 10 ctg ctg g-tg gac
age ctg ctg ccc ggc tac ggc cag aac aag age gtg 100 Lau Lau Val Asp Ser Lau
Lou Pro G ywbydoodds¥ise N Ann Lye Ser Val 15 15 20 25 cag gEfpFRkdsYfsdac ctd
aac gag otg tgc tac aac gag gag aao gapigl4d8 dAn Ala G n Arg Ann Lau Ann G n
Lau Cys Tyr Ann Gu Gu Ann Asp 30 35 40 20 ne aag ctq tac ne gtg ctg aac
age sag aac ggc eag att tac aac 196 Ann Lye Lau Tyr Hi s Val Lau Ann Ser Lys
Ann Ay Lye Ile Tyr Ann 45 50 55 60 25 cgg aac etc gtg aac cgg ctg ctg ggc
gac gat ctg aac ggc aag ccc 244 Arg Asn Ile Val Ann Arg Len Lau Ay Asp Al a
Lau Ann Gy Lye Pro 65 70 75 gag gag eag aag gac get ccc ccc aag gat ggc no
aag gaC gaglag%ngh‘ ?s% Ala Asn Qrorlsn la AL‘nyro st)(gla%errﬁR PrO PrO LyS A.Sp G y Ann Lye
Asp Asp Lau 570Qss cCC aag gag gag aag ame gac gat ctg Oct aag gag gas
aaa aag gac 340 Pro Lys Qu GQu Lys Lys Asp Asp Lau Pro Lys Qu Qu Lye Lys
Asp 35 35 1BQGsnlRoagats wak-ogati Alaag Pasn eBOsARGr@ag gac gat cat ace aaa gag
gcc cag 388 Asp Bfo Pro Lys A8p Pro Lys ’L% Asp Asp Pro Pro Lye u Ala @n
110 115 120 40 aac Aiaa aac cag ccc pgtﬂ gcc gac gag sac gtg gac cag
ggc 43610 ARH "Pygs LAG q‘éb al " éf‘ 4 ASp du Asn val Asp An dy 125
130 135 140 45 cot ggc gcc Oct oag ggc we ggg gcc cat oag ggc COct gga gcc

act 484 PaR ald Mo Mn 31Ul 06l albn Kb WenPOasiad » Ro R0 G N Gy Pro Gly Ala Pro 145
150 caa #fga coo gga2¥cc coo cag?yga act ggc get Oct cag gga we ggc 532
50 Gln (Ely Pro Gy Ala Pro dn Ay Pro Sly Ala Pro Gn Ay Pro Gy 160 165

170 get cga*®aye q’gélaag;g"gg\g“ ﬁedsncg;;chscag ¥ot° ¢ln 9gg qca ccc cag ggc 580
AlaProGnGyPro y Ala Pro dn Sly Pro dy Ala Pro dn Gy

Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn
245 250 255

25 Ala Asn Pro Asn Ala Asn Lys Asn Asn Gln Gly Asn Gly Gln Gly His
260 265 270

Agn Met Pro Asn Asp Pro Asn Arg Asn Val Asp Glu Asn Ala Asn Ala
30 275 280 285

Asn Ser Ala Val Lys Asn Asn Asn Asn Glu Glu Pro Ser Asp Lys His
290 295 300
35

Ile Lys Glu Tyr Leu Asn Lys Ile Gln Asn Ser Leu Ser Thr Gl u Trp
305 310 315 320

40
Ser Pro Cys Ser Val Thr Cys Gly Asn Gly Ile Gln Val Arg Ile Lys
325 330 335

45 Pro Gly Ser Ala Asn Lys Pro Lys Asp Glu Leu Asp Ty r Ala Asn Asp
340 345 350

Ile Glu Lys Lys Ile Cys Lys Met Glu Lys Cys Ser Ser Val Phe Asn
50 355 360 365

Val Val Asn Ser
370
55

<210> 7
<211> 1115
<212> DNA

60  <213> artificial

<220>

<223> Description of Artificial Sequence: Codon -optimised cirrcumsporoz
65 oite gene of Plasmodium yoelii, clone 02 -~149

<220>

<221> DS

<222> {17)..(1084)



55 175 180 185 can ggc goo can can ggt ccc ggg get cot cag ggt ccc gga gca

Cct
195
676
215
724
235
can
Pro
cag
Asp
t ac
Val
caa
Tbr
gtg c
Val
ctg
320
ttc
335

628 Pro Gy Ala Pro @dn Gy Pro Gy Ala Pro @n Ay Pro Ay Ala Pro 190
200 60 cag ggg cat gga gca cca cag ggg cot ggg gcc ace can ggg cca ggc
A n G ywdsRedtsys7Ala Pro A n Ay Pro Gy Ala Pro G nparkpRiosestd 205 210
220 65 get ccc can ggg cot ggc gaaingcc cag gag ccc ccc cag cag ccc Cct
Ala Pro dn dy Pro Ay Ala Pro dn GQu Pro Pro Gn @n Pro Pro 225 230
WO 2004/ 055187 PCT/ EP2003/ 051019 13/18 cag cag one ccc cag can cot ccc
cag cot ccc cag caa one cca 772 Gn Gn Pro Pro Gn Gn Pro Pro Gn Gn
Pro Gn Gn Pro Pro 240 245 250 5 cag cag cca c0S cag caa ccC agg ccc
ccC gee ggc aac sac aac 820 Gn Gn Pro Pro Gn Gn Pro Arg Pro Gn Pro
Ay M My Aan 255 260 265 aac sat sac aac aac ggc aac aac no gag gac age
gtg ccc agc 868 10 Aan Ann Asn Ann Asn Gy Asn Ann Ann G u Asp Set Tyr
Pro Ser<22 QiggpA%iidg% gee gag cag atc ctg gag ttc gtg aag cag ate age age
ot g acc22@1617 GQu dnlle Leu Gn Phe Val Lye Gn lle Set Ser Gn LQU
15 285 980 295 300 gag gag tgg ago cag tgc age gtg acc tgc ggc age ggc
8:"%4ta u 9 u Tr t“gc an Qgs ser a\éact Thr ,ora Gy Ser Ay Val Arg
3051(81 54y THY 1aa0: BgGuang At 1 Pasdcenag Scag occ gag aac ctg acc
gag 1012 Arg Lys1 Arg Lys Ann Val Aan ¥s Gn Pro Gn M Leu Thr Leu Gn
32 5 330 2P o@ae: At GrgdBLcc5 R @Yathe @bl g6 atagy at Jiogee aag tgc age age ate
1060; Aspet I3 ARsie™ TG o1 By SYSYhEY "Asp Lys Cys Set Bar Ile Phe
340 345 sac ate tg ago aac age ctg ggc tgaagatctg ctgataagtt taaacggatc

1114 30 Mgl i&?ﬁﬁ oI A D g‘*%‘-{ EiscE T o

20
aac aag ctg tac cac gtg ctg aac agc aag aac ggc aag att tac aac 196
Asn Lys Leu Tyr Hie Val Leu Asn Ser Lys Asn Gly Lys Ile Tyr Asn
45 50 55 60
25  cgg aac atc gtg aac cgg ctg ctg ggc gac goc ctg aac ggc aag ccc 244
Arg Asn Ile Val Asn Axg Leu leu Gly Asp Ala Leu Asn Gly Lys Pro
65 70 15
gag gag aag aag gac gac CCC CCC aag gac ggc aac aag gac gac ctg 292
30 Glu Glu Lys Lys Rsp Asp Pro Pro Lys Asp Gly Asn Lys Asp Asp Leu
80 85 90
cCcC aag gag gag aag aaa gac gat ctg cct aag gag gaa aaa aag gac 340
Pro Lys Glu Glu Lys Lys Asp Asp Leu Pro Lys Glu Glu Lys Lys Asp
35 95 100 105
gat cct cct aag gac ccc aag aag gac gat cct ccc aaa gag gcc cag 388
Asp Pro Pro Lys Asp Pro Lys Lys Asp Asp Pro Pro Lys Glu Ala Gln
110 115 120
40
aac aag ctg aac cag occ gtg gtg gcec gac gag aac gtg gac cag ggc 436
Asn Lys Leu Asn Gln Pro Val Val Ala Asp Glu Asn Val Asp Gln Gly
125 130 135 140
45 cct gge geec cct cag ggc ccc ggg gec cct cag ggc cct gga gee cct 484
Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro
145 150 155
caa gga ccc gga gec ccc cag gga cct ggc gct cct cag gga ccc gge 532
50 6ln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gin Gly Pro Gly
160 165 170
gct cca cag gge cca ggg goc ccc cag ggc cca ggg gca ccc cag ggc 580
Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly
55 175 180 185
cca gge gcc cca caa ggt ccc ggg get cct cag ggt ccc gga geca cct 628
Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro
190 195 200
60
cag ggg cct gga gca cca cag ggg cCt ggg gcc cca caa ggg cca ggc 676
Gln Gly Pro Gly Ala Pro 6ln Gly Pro Gly Ala Pro Gln Gly Pro Gly
205 210 215 220
65 got ccc caa ggg cct ggc gca ccc cag gag ccc ccc cag cag ccc cot 724

Ala Pro Gln Gly Pro Gly Ala Pro Gln Glu Pro Pro Gln Gln Pro Pro
225 230 235



C 1115 35 <210> 8 <211> 356 <212> PRT <213> Artificial 40 <220> <223>
Description of Artificial Sequence: Codon -optim sed cirrcunsporoz oite
gene of Plasnodiumyoelii, clone 02 -149 45 <400> 8 Met Lys Lys Cys Thr Ile
Lau Val Val wi mof@sisgau Leu Leu Val Asp 1 5 10 15 50 Sect/Epmodesuo®ro Gy
Tyr Ay Gn Asn Lys Ser Val G n Ala GisnsgArg 20 25 30 55 Asn Len Ann G n
Len Cys Tyr Asn Qu G n Aso Asp Aan Lys Lou Tyr 35 40 45 Hi's Val Leu Ann
Ser Lys Asn Ay Lys Ile Tyr Aan Arg Asn Ile Val 60 50 55 60 Aso Arg Lau Lau
Ay Asp Ala Leu Ann Ay Lys Pro Qu GQu Lys Lys 65 70 75 80 65 Asp Asp Pro
Pro Lys Asp Ay Asn Lys Asp Asp Len Pro Lys Qu Gn 85 90 95 WO 2004/ 055187
PCT/ EP2003/ 051019 14/18 Lys Lye Asp Asp Leu Pro Lys G n Qu Lys Lys Asp Asp
Pro Pro LySag od0Qc dQ%egldh cot2cASR B @t LY SaglicchsB ASpPro Pro Lys Gu Ala Gn
M Lys Leuchsir #4145 CI@n R ro 419 GIF R0 PPGln\%lPrva# Ala Asp Au Asn Val Asp Gn
Gy Pro Ay Ala Pf0 130 135 140 15 G n y Pro Ay Ala Pro Gn dy Pro Ay

Al a Pro %G IGRYPED M ¢ ;oigglggsib g&ggmgﬁﬂb Gy Pro Ay Ala Pro @n
Ay Pro Gy azsPr o }kso 265

aac aat aac aac aac ggc aac aac aac gag gac agc tac gtg cce age 868
10  Asn Asn Aen Asn Asn Gly Asn Asn Asn Glu Asp Ser Tyr Val Pro Ser
270 275 280

gee gag cag atc ctg gag ttc gtg aag cag atc age agc caa ctg acc 916
Ala Glu Gln Ile Leu Glu Phe Val Lys Gln Ile Ser Ser Gln Leu Thr
15 285 290 295 300

gag gag tgg agc cag tgc agc gtg acc tgc ggc agc ggc gtg cgg gtg 964
Glu Glu Trp Ser Gln Cys Ser Val Thr Cys Gly Ser Gly Val Arg Val
305 310 315
20
¢gg aag cgg aag aac gtg aac aag cag occ gag aac ctg acc ctg gag 1012
Arg Lys Arg Lys Asn Val Asn Lys Gln Pro Glu Asn Leu Thr Leu Glu
320 325 330

25 gac atc gac acc gag atc tgc aag atg gac aag tge age age atc ttc 1060
Asp Ile Asp Thr Glu Ile Cys Lys Met Ahsp lys Cys Ser Ser Ile Phe
335 340 345

aac atc gtg agc aac agc ctg ggc tgaagatctg ctgataagtt taaacggatc 1114
30 Aasn Ile Val Ser Asn Ser lLeu Gly

350 355

c 1115
35

<210> 8

<211> 356

<212> PRT

<213> Artificial
40

<220>
<223> Description of Artificial Sequence: Codon ~optimised cirrcumsporoz
oite gene of Plasmodium yoelii, clone 02 ~149

45  <400> 8

Met Lys Lys Cys Thr Ile Leu Val val Ala Ser Leu Leu Leu Val Asp
1 5 10 15

50
Ser Leu Leu Pro Gly Tyr Gly Gln Asn Lys Ser Val Gln Ala Gln Arg
20 25 30

55 Aasn Leu Asn Glu Leu Cys Tyr Asn Glu Glu Asn Asp Asn Lys Leu Tyr
35 40 45

His Val lLeu Asn Ser Lys Asn Gly Lys Ile Tyr Asn Arg Asn Ile Val
60 50 55 60

Asn Arg Leu Leu Gly Asp Ala Leu Asn Gly Lys Pro Glu Glu Lys Lys
65 70 5 80
65

Asp Asp Pro Pro Lys Asp Gly Asn Lys Asp Agp Leu Pro Lys Glu Glu
85 20 95



20 165 17D 175 Pro Ay Ala Pro Gn Gy Pro dy Ala Pro Gn Gy Pro dy Ala

Pro
Pro
Pro
Gn
Pro
Aen
Val

Ser
gar
du
Asp
355

180 185 190 25 dn dy Pro Ay Ala Pro An @Ay Pro Ay Ala Pro Gn Gy
Gy 195 200 205 30 Ala Pro Gn Gy Pro dy Ala Pro Gn Ay Pro Ay Ala
G n dywosbbyidiz7220 35 Pro Gy Ala Pro G n G u Propér/ppfeninsis® Pro Pro
Gn Pro Pro 225 230 235 240 Gn @ Pro Pro Gn dn Pro Pro Gn Gn Pro
Gn dn Pro Pro 40 245 250 255 A n @n Pro Arg Pro G n Pro Asp Ay Asn
Mh Aen Asn Asn Asn 260 265 270 45 Asn Ay Asn Asn Aen G u Asp Ser Tyr
Pro Ser Ala Qu Gn lle 275 280 285 50 Leu Qu Phe Val Lys Gn Ile Ser
Gn Leu Thr Au AQu Trp Per 290 295 300 55 dn rye Ser Val Thr Cys Ay
@y VvVal Arg Val Arg Lys Arg Lys 305 310 315 320 Asa Val Asn Lye Gn Pro
An Lau Thr Lau G u Asp Ile Asp Thr 60 325 330 335 Gn Ile Cys Lys Mt
Lys Cys Ser Ser Ile Phe An Ile Val Ser 340 345 350 65 Mh Ser Lau Ay
VO 20047 085185, PETT EP20UST 98 0T™ 18/408™ £210> 9 <211> 356 5 <212> PAT

<213> Pl%asnodi um yoeL| i <220> <221> SI GNAL

Asp Pro Lys Lys Asp Asp Pro Pro Lys Glu Ala Gln Asn Lys Leu Asn
115 120 125

10
Gln Pro Val Val Ala Asp Glu Asn Val Asp Gln Gly Pro Gly Ala Pro
130 135 140

15 Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly
145 150 15% 160

Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly
20 165 170 175

Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro
180 185 190
25

Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly
195 200 205

30
Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly
210 215 220

35 Pro Gly Ala Pro Gln Glu Pro Pro Gln Gln Pro Pro Gln Gln Pro Pro
225 230 235 240

Gln Gln Pro Pro Gln Glmn Pro Pro Gln Gln Pro Pro Gln Gln Pro Pro
40 245 250 255

Gln Gln Pro Arg Pro Gln Pro Asp Gly Asn Asn Asn Asn Asn Asn Asn
260 265 270
45

Asn Gly Asn Asn Asn Glu Asp Ser Tyr Val Pro Ser Ala Glu Gln Ile
275 280 285

50
Leu Glu Phe Val Lys Gln Ile Ser Sexr Gln Leu Thr Glu Glu Trp Ser
290 295 300

55 Gln Cys Ser Val Thr Cys Gly Ser Gly Val Arg Val Arg Lys Arg Lys
305 310 315 320

Asn Val Asn Lys Gln Pro Glu Asn Leu Thr Leu Glu Asp Ile Asp Thr
60 325 330 335

Glu Ile Cys Lys Mot Asp Lys Cys Sor Ser Ile Phe Asn Ile Val Ser
340 345 350
65

Asn Ser Leu Gly
355



10 <222> (1)..(19) <223> <220> <221> REPEAT 15 <222> (138)..(225) <223>
Regi on of 15 QGPGAP repeats <220> 20 <221> REPEAT <222> (229)..(254) <223>
Region of 7 PQQP repeats 25 <400> 9 Met Lys Lys Cys Thr Ile Lou Val Val Al a
Ser Lau Louwa@woovassigssp 1 5 10 15 30 Ser Lou Leu Pro GperEpooGhsiofs n Ash
Lye Ser Val Gn Ala Gn Arg 20 25 30153% Mh Lau Mh G n Lau Cys Tyr M1 Gn
G n WM Asp Ran Lys Lau Tyr 35 40 45 His Val Lau Ron Ser Lye vh Ay Lye Ile
Tyr Ash Arg Ash Ile Val 40 50 55 60 Ash Arg Lou Lau Ay Asp Ala Leu Aan Gy
Lys Pro Gn Gn Lys Lys 65 70 75 80 45 Asp Asp Pro Pro Lye Asp Gy Aen Lys
Asp Asp Leu Pro Lye Gn Gn 85 90 95 50 Lys Lys Asp Asp Lau Pro Lys G n

G n Lye Lys Asp Asp Pro Pro Lye 100 105 110 55 Asp Pro Lye Lye Asp Asp Pro
Pro Lys Gn Ala Gn M Lye Leu M1 115 120 125 Gn Pro Val Val Ala Asp GQu
Ran Val Asp, G n Gy Pro Gly Ala Pro 60 130 135 140 Gn dy Pro Gy Ala Pro
Gn Gy Pr o yas.AIa Pro Gn Gly Pro dy 145 150 155 160 65 Ala Pro Gn Qy
Pro Ay A £ G gy, Pro dy Ala Pro Gn dy 165 170 175 WO 20041055187
PCT/ EP2003/ 6§101

<220>
<221> SIGNAL
10 <222 (1)..(19)
<223>

<220>
<221> REPEAT
15 <222> (138})..(225)
<223> Region of 15 QGPGAP repeats

<220>
20  <221> REPEAT
<222> (229)..(254)
<223> Reqgion of 7 PQQP repeats

25  <400> 9

Met Lys Lys Cys Thr Ile Leu Val Val Ala Ser Leu Leu Leu Val Asp
1 5 10 15

30
Ser Leu Leu Pro Gly Tyr Gly Gln Asn Lys Ser Val Gln Ala Gln Arg
20 25 30

35  Asn Leu Asn Glu Leu Cys Tyr Asn Glu Glu Asn Asp Asn Lys Leu Tyr
35 40 45

0 His val Leu Asn Ser Lys Asn Gly Lys Ile Tyr Asn Arg Asn Ile val
4 50 60

Asn Arg Leu Leu Gly Asp Ala Leu Asn Gly Lys Pro Glu Glu Lys Lys
’ 65 70 15 80
45
Asp Asp Pro Pro Lys Asp Gly Asn Lys Asp Asgp Leu Pro Lys Glu Glu
85 a0 95

50

Lys Lys Asp Asp Ieu Pro Lys Glu Glu Lys Lys Asp Asp Pro Pro Lys
100 105 110

55  Asp Pro Lys Lys RAsp Asp Pro Pro Lys Glu Ala Gln Asn Lys Leu Asn
115 120 125

Gln Pro Val Val Ala Asp Glu Asn Val Asp Gln Gly Pro Gly Ala Pro
60 130 135 140

Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly
145 150 155 160
65

Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly
165 170 175



16/18 Pro Ay Ala Pro Gn Gy Pro Ay Ala Pro Gn Gly Pro dy Ala Pro 180
190 5 Gn dy Pro Ay Ala Pro Gn Gdy Pro dy Ala Pro Gn @y Pro Ay

200 205 10 Ala Pro Gn Gy Pro dy Ala Pro Gn Gy Pro dy Ala Pro Gn
210 21Ww@a04/05587Pro Ay Ala Pro Gn GQu Pro Pro G neCrmeprinmnostsi® G n G n
Pro 225 230 235. 240 Gn Gn Pro1gmed Gn Gn Pro Pro Gn Gn Pro Pro

Gn Pro Pro 20 245 250 255 Gn Gn Pro Arg Pro Gn Pro Asp Gy ken Aen
ken Ann ken Asn 260 265 270 25 Aso Gy Asn Ann Asn GQu Asp 5er Tyr Val

185
195
Ay
Pro
Gn
ken
Pro
Gn
Ay
Asn
Lys
355

Ser la Au Gnlle 215 280 285 30 Leu G n The Val

Lys Gn lle Ser tar

Lou Thr Gn Gu Trp 5er 290 295 300 35 G n Cya Bar Val Thr Cya @y Sar

Val Arg Val Arg Lys Arg Lys 305 310 315 320 Ann Val

Ann Lys Gn Pro Gu

Lau Thr Lau Gu Asp Ile Asp Thr 40 325 330 335 Qu lle eye Lys Met Asp

oys

Lo Dot g S A 8 Rl 48 A

e Val §er

10 Asn At a ken Pro

10

15

20

25

30

35

40

45

50

55

60

65

Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly
195 200 205

Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly
210 215 220

Pro Gly Ala Pro Gln Glu Pro Pro Glm Gln Pro Pro Gln Gln Pro Pro
225 230 235. 240

Gln Gln Pro Pro Gln Gln Pro Pro Gln Gln Pro Pro Gln Gln Pro Pro
245 250 255

Gln Gln Pro Arg Pro Gln Pro Asp Gly Asn Asn Asn Asn Asn Asn Asn
260 265 270

Agn Gly Asn Asn Asn Glu Asp Ser Tyr Val Pro Ser Ala Glu Gln Ile
275 280 285

Leu Glu Phe Val Lys Gln Ile Ser Ser Gln Leu Thr Glu Glu Trp Ser
290 295 300

Gln Cys Ser Val Thr Cys Gly Ser Gly Val Arg Val Arg Lys Arg Lys
305 310 315 320

Asn Val Asn Lys Gln Pro Glu Asn Leu Thr Leu Glu Asp Ile Asp Thr
325 330 335

Glu Ile Cys Lys Met Asp Lys Cys Ser Ser Ile Phe Asn Ile val Ser
340 345 350

Asn Ser lLeu Gly
355

<210> 10

<211> 4

<212> PRT

<213> Plasmodium falciparum

<400> 10
Asn Ala Asn Pro
1

<210> 11

<211> 4

<212> PRT

<213> Plasmodium falciparum

<400> 11

) 34 345 350 45 Ann Ser Lau Gy
ke asrmdl um f al ci parum 55 <400>



1 60 <210> 11 <211> 4 <212> PRT 65 <213> Pl asnodi um fal ci parum <400> 11
WO 2004/ 055187 PCT/ EP2003/ 051019 17/18 Asn Val Asp Pro 1 5 <210> 12
<211> 11 <212> PAT <213> Pl asnodi um fal ci parum 10 <400> 12 G u Aan Al a Asn

Al a Ann Asn v oo¥@dsigsye Asn 1 5 10 15 <210> 13 <211> 231/kpehagsibVA <213>
Artificial 20 <220> <223> Descriptiaonaef Artificial Sequence:

ol i gonucl eoti de Forw. Falc <400> 13 25 ccaagcttgc caccatgatg agg 23 <210>
14 <211> 27 30 <212> DNA <213> Artificial <220> <223> Description of
Artificial Sequence: oligonucleotide Rev.Falc.C3 -2 35 e <400> 14
ccggatcctc agcagatctt cttctcg 27 40

Asn Val Asp Pro
1

5 <210> 12
<211> 11
<212> PRT
<213> Plasmodium falciparum

10  <400> 12

Glu Asn Ala Asn Ala Asn Asn Ala Val Lys Asn
1 5 10

15
<210> 13
<211> 23
<212> DNA
<213> Artificial
20
<220>
<223> Description of Artificial Sequence: oligonucleotide Forw.Falc

<400> 13
25  ccaagottgc caccatga tg agy 23

<210> 14
<211> 27
30 <2i2> DNA
<213> Artificial

<220>
35 <223> Description of Artificial Sequence: oligonucleotide Rev.Falc.CS -2
8

<400> 14
ccggatcctc agcagatctt cttcteg 27

40
<210> 15
<211> 27
<212>. DNa
<213> Artificial
45
<220>
<223> Description of Artificial Sequence: oligonucleotide Rev,Falc.CS -1
4

50 <400> 15
occggatecte agectgttcac cacgttg 27

<210> 16
55 <211> 22
<212> DNA
<213> Artificlal

<220>
60 <223> Description of Artificial Sequence: oligonucleotide Sv40for

<400> 16
caatgtatct tatcatgtct ag 22

65
<210> 17
<211> 35
<212> DNA



<210> 15 <211> 27 <212>. DNA <213> Artificial 45 <220> <223> Description
of Artificial Sequence: oligonucleotide Rev.Falc.CS -1 4 50 <400> 15
ccggatcctc agctgttcac cacgttg 27 <210> 16 55 <211> 22 <212> DNA <213>
Artificial wd0wossiy7<223> Description of Artificial Seqprengr2003/051019

al i gonucl eoti de Sv40for <400> 16 caaugistct tatcatgtct ag 22 65 <210> 17
<211> 35 <212> DNA WD 2004/ 055187 PCT/ EP2003/ 051019 18/18 <213>
Artificial <220> <223> Description of Artificial sequence: oligonucleotide
pi XRrfe 5 <400> 17 ctctctcaat tgcagataca aaactacata agacc 35 10 <210> 18
<211> 32 <212> DNA <213> Artificial 15 <220> <223> Description of
Artificial Sequence: oli gonucleotide pl X35nfe <400> 18 ctctctcaat
tgtctgtctt geagataliga tg 32

<220>
<223> Description of Artificial Sequence: oligonucleotide pIXRmfe

<400> 17
ctctctcaat tgcagataca aaactacata agacc 35

10  <210> 18
<211> 32
<212> DNA
<213> Artificial

15 <220>
<223> Description of Artificlal Sequence: oli gonucleotide pIX35mfe

<400> 18
20 ctctctcaat tgtctgtctt gcagctgtea tg 32
<210> 19
<211> 18
<212> PRT
25 <2135 * pPlasmodium yoelll
<400> 19

Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly Ala Pro Gln Gly Pro Gly
30 1 5 10 15

Ala Pro
35



20 <210> 19 <211> 18 <212> PRT 25 <213> ' Pl asnodiumyoelii <400> 19 dn
Gy Pro Ay Ala Pro Adn @Ay Pro Ly Ala Pro dn dy Pro dy 30 15 10 15
Ala Pro 35 72 Cdains 1. Areplication-defective reconbi nant adenovirus
derived froma serotype selected fromthe group consisting of: Adll, Ad26,
Ad34, Ad35, Ad48, Ad49 and Ad50, wherein said reconbi nant adenovirus
conprises a heterologous nucleic acid engoding an antigenic determ nant of
Pl asnodi um fal ci parum 2. A replication=defective reconbi nant adenovi rus
according to claim1, wherein said antigenic determnant is the

ci rcunsporozoite protein, or an i munogenic part thereof. 3. A
replication-defective reconbi nant adenovirus according to claiml or 2,
wherein said heterologous nucleic acid is codon-optim zed for el evated
expression in a mammal. 4. A replication-defective reconbi nant adenovirus
according to claim3, wherein said mamul_gl@imshuman. 5. A
replication-defective reconbi nant adenovirus according to claim3 or 4,

wherein the adeni e gLusoat IIIATLCONLEN cddhuatladenakEpgl fgYs nucl ei ¢ aci .

as conpared to t tosi ne plus guani ne content ess than 87%
preferably Ie@arn%uﬂ1f3cmban@#%ﬂﬁﬂp@feﬁéﬁtyedeﬁnpm tthengs9%and nost preferably

equal to approyldialghy 82%aafs, AdBP! A6 WeET Gy CalRE oD NANt

p
adenovirus according-to clarm'2, whérein " sal élrcunéporozo e 73 protein
is the C|rcunﬁ#ﬂhom@eﬁelpremzﬁrrempmdepantE§ﬂan®V1rus comprises a

heterologous nucleic acid encoding an antigenic

determinant of Plasmodium falciparum.

2. A replication-defective recombinant adenovirus
according to claim 1, wherein said antigenic determinant
is the circumsporozoite protein, or an immunogenic part

thereof.

3. A replication-defective recombinant adenovirus
according to claim 1 or 2, wherein said heterologous
nucleic acid is codon-optimized for elevated expression

in a mammal.

4, A replication-defective recombinant adenovirus

according to claim 3, wherein said mammal is a human.

5. A replication-defective recombinant adenovirus
according to claim 3 or 4, wherein the adenine plus
thymine content in said heterologous nucleic acid, as
compared to the cytosine plus guanine content, is less
than 87%, preferably less than 80%, more preferably less
than 59% and most preferably equal to approximately 45%.

6. A replication-defective recombinant adenovirus

according to claim 2, wherein said circumsporozoite



figure 1A (SEQ ID NG 3). 7. A replication-defective reconbi nant adenovirus
according to claim3, wherein said codon-optimzed heterol ogous nucleic
acid is the nucleic acid as depicted in figure IB (SEQID NG 1). 8. A
replication-defective reconbi nant adenovirus according to any one of clains
2 to 7, wherein the circunsporozoite protein, or the inmunogenic part
thereof, is lacking a functional GPlI anchgr sequence. 9. A
replication-defective reconbi nant adenovi Fus according to claim1l1, wherein
said antigenic determinant is selected fromthe group consisting of; LSA-1,
LSA-3, MSP-1, MSP-13.9 and MSP-142, or conbinations thereof. 10. A
replication-defective reconbi nant adenovirus according to any one of clains
1to 9, wherein said adenovirus further conprises a gene encoding a liver
specific antigen for Plasnodiumfalciparumas antigenic determ nant, or an

i mrunogeni ¢ pakbriher £0fenel L rAuh S ARt @Np aef £G4 iate JegqeRignant adenovirus
according to claim 13, wherein said |iver specific antigen is LSA-1. 74

12. A vacci nefégupdsit i GiELIRpPshg a replication- defective reconbi nant
adenovirus according to any one of <clains 1 to 11, and a pharnaceutically
acceptable carrier. 13. A vaccine conposition according to claim 12,
further conprisi My EePddjalaardedortifyse rgrombinant ReseNPEYESt i on accor di ng

to claiml12 gpdoAq Ve U 16QRPYS | dhde 160BRLE Sédiblodt8adt.e@ne purified
mal ari a-derived protein or peptide in the nmanufacture of a nedi canent for

t her apeuti c ahEFe¥oleFdphyligdeie F¢ichtiefheorueleid &qis paf éepiekedn a

mammal . 15. Usg efg&&acasiReqCepp@sition according to claim13 and a
vacci ne conposition conprising at 1east one purified malaria-derived

protein or peptide in the nmanufacture of a medi canent for therapeutic
and/ or 8. A replication-defective recombinant adenovirus

according to any one of claims 2 to 7, wherein the
circumsporozoite protein, or the immunogenic part

thereof, is lacking a functional GPI anchor sequence.

9. A replication~defective recombinant adenovirus
according to claim 1, wherein said antigenic determinant
is selected from the group consisting of: LSA-1, LSA-3,
MSP-1, MSP-119 and MSP-142, or combinations thereof.

10. A replication-defective recombinant adenovirus
according to any one of claims 1 to 9, wherein said
adenovirus further comprises a dene encoding a liver
specific antigen for Plasmodium falciparum as antigenic

determinant, or an immunogenic part thereof.

11. A replication-defective recombinant adenovirus
according to claim 13, wherein said liver specific

antigen is LSA-1.



prophylactic treatnent of a nmalaria infection in a mmml. 16. Use of a
vacci ne conposition conprising a replication-defective reconbi nant
adenovirus according to any one of clains 1 to 8 and a vacci ne conposition
conprising a replication-defective reconbi nant adenovirus according to any
one of claims 9 to 11 in the manufacture of a nedicanment for therapeutic
and/or prophylactic treatnment of a malarkg infection in a mammal.

12. A vaccine composition comprising a replication~
defective recombinant adenovirus according to any one of
claims 1 to 11, and a pharmaceutically acceptable

carrier.

13, A vaccine composition according to claim 12, further

comprising an adjuvant.

14. Use of a vaccine composition according to claim 12
and a vaccine composition comprising at least one
purified malaria-derived protein or peptide in the
manufacture of a medicament for therapeutic and/or
prophylactic treatment of a malaria infection in a

mammal .

15. Use of a vaccine composition according to claim 13
and a vaccine composition comprising at least one
purified malaria-derived protein or peptide in the
manufacture of a medicament for therapeutic and/or
prophylactic treatment of a malaria infection in a

mammal .

16. Use of a vaccine composition comprising a
replication-defective recombinant adenovirus according to
any one of c¢laims 1 to 8 and a vaccine composition
comprising a replication-defective recombinant adenovirus
according to any one of claims 9 to 11 in the manufacture
of a medicament for therapeutic and/or prophylactic

treatment of a malaria infection in a mammal.





