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Field The present invention relates to methods of

screening for conpounds that inhibit the biosynthesis

of GPl in malaria parasites.l Background Art Ml aria

is the nost comon infectious human di sease caused by

parasitic protozoans. Thesdrseasen S caused by

infection wwth nmalaria parasites and is nedi ated by

t he nosqui to, Anophel es ganbi ae. Every year there are
METHESE BBt R POOTIE | Fdrorceasen el THRrariarBof eci BLOSYNTHESIS OF

including nore than two mllion fatal fﬁ es (Gardner,
et al., Nature 449 498 MAUARBYGRHRAS %resent 40% of

the world's population lives in malaria-epidemc

areas, where it is said that one in every three
Techpdegds F181€s from nal ari a.

A yeasyyrhesihathedht nesi kel at 6Pl ko sndirtovds t of payeaning for
key role in the growth,and infectivjt f _pa ' :
compioﬁﬂéll%d?:ﬂ@tn’a‘?%%h@ tg’a?r E%P?@Q%H?ﬁéﬁeo rGgPI‘r)mlﬁyméfgﬁgsparaSltes .

GPl -anchored proteins on the cell surface of these

garasitis. GPl - anchored proteins include proteins such
Backggo hat function when the parasites invade red

bl pad s¢elal $s R meebteimemdn fastjaugs htinenadi fgens caused by

and .initiate an_ i mu re ns bt teo ThUS et i th
parg $habECBng* BRen ?ﬁg sdﬁ%%% eokgrégggg% %Yngg Sgom
nmalatdcChaeadévebopmeit. m&Plated bontlye mossiiides 4somrAeles gambiae.

anchor .to tether Qt el he; butinfection,
EveRYSrE S NT G g%aeaég{l gﬁedy%%ﬁpgiﬁ&m?olno%g%éﬁtggo@f 9n%lgELgF:i g reckon
inclpatiasj mereethanemy ands.icRefehalstasites(Grdngeyed ad-, Nature

419:?@—5%, i2§)03§20.)(i At 9e§$H§? d &fhakh SyppLans. p&Fhlation lives
i nduces 't he eXpression o |n‘Tannatoy cyt oki nes such
in med ENR-@piaimhicf sadhesi vhemsl eEul vssaiss thaly egg in every three

el cted r Iﬁg&% | s adhere to capillaries,
ll'1fallo sﬁer%lc%l n%gon\?esse g%é'eque'st ration), brain blood
vessate syl praradteil gy 1 imasi tahdGeds #srupum to play a key role

in kAE OLY sheacih onscidaty ave bedigyeeded o ligddudong malaria
encephal opat hy. Very recentYy, Schofield, et al
parasbiors ed Hene ane many G- RMIBGH) PrEAGLes PRty FEyt surtace

of tHbANaRa\i¥ed . Nf €8T LQACHBERH proteins include proteins such as
MSP-1 that function when the parasites invade red blood cells. GPI

proteins act as parasitic antigens and initiate an immune response
in the host. Thus, they have long been the subject of research aimed
at vaccine development.

GPI not only functions as an anchor to tether proteins to the
cell membrane, but is also an abundant glycolipid component of malaria
parasite cell membranes. Recent studies have revealed that GPI is
toxic and causes lethal symptoms. GPI induces the expression of
inflammatory cytokines such as TNF-a, and of adhesion molecules. As
a result, infected red blood cells adhere to capillaries, obstructing
vessels (sequestration), brain blood vessels in particular. This
induces further inflammatory reactions that are believed to lead to
encephalopathy. Very recently, Schofield et al. reported that an

anti-GPI antibody reduces lethality in an in vivo infection model
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murine mal aria parasite Plasnodi um berghei, and that
wonowiuse;7 the anti body inhibits |ate inflammaPoOrygP2003/014920

reactions caused by Plasnodi um falciparum-(Schofield

L, et al., Nature 418:785-789, 2002) . These fi ndings

suggest that GPl is a major factor in the lethality

of malarial infections. It has al so been reported that

systbBg %f%h@%@flﬂlé‘%&%@éa‘ ]§ar§§§€5tfb.?&lszzfc9flzgﬁ BPdi-B8ei, and that

mannose al ., Bi ochem

in §ARToRItHR@NTIVOYY HHHLAHER Y i ATt reactions caused

by Pl‘ﬂ@%inb@huﬁcf’b@&hﬁé‘rumcaé‘:@@fpéflﬁxﬁei@t H UCOSRuURR 418:785-789,
inhibits the maturation of the nalarla para5|te P

200231 ci paREf ENBARNOR S§gggStathat) GHYj gis zyaayor factor in the

letﬁzsg12?36f2ﬂé2arzg@3hnfeyﬂlﬂ.§nscOnpounds that can
sel ec

i nhj bit i asynt he parthular
t helhchPat g% e?ﬂogﬁPBF %HBE %h?gﬁw g&ePn of’ inositol is
essantigal abh:ablelamgg mPhsekesibecefl t(berbnwgnti.oRtARI., Biochem.

. PR e IR R i B o aoytaton,

caueBh. bwzﬁmguﬁboabmynet, henhpbeserthd me@nira@ion of the malaria

royides th laria p S|te hat .encaodes the _,
ar%?\ﬂ’\éepr%teifﬁ%%w sa( ot eENA %Vol‘:‘{}:e n’th\i' Biol. Chem.

278bQ0§¢HQhé§L52@®3EPItﬂﬁﬁPIc@y@bﬁm@@)thafh@amwgﬁmyutively inhibit
vent i al.so pr.avi.des _a -nethod of this i
P SRR E0 bt LAt 1 o P oy L ThROoLeol, may ve

hlgpﬂgseBEfuﬂnaemuma&aahad progisdes degener ate nut ant
DNAs of the DNA that encodes the nalaria parasite GPI
bi osynthesi s protein. These degenerate nutant DNAs
Diskaeeuacl ofiethAT Ioyenenbnt han the original DNA. The
present t I t
ﬁﬁ%b éd%‘i% b?%?egé&\f %%élgclgé‘fi hod g %I s @é’ ah8malarial

degener scre
drugst thataxmlaibwug@ bﬂ@@ye\m:esg@n@fmﬁglorw@@mlmedmlly, the

pre%%}lgz(ﬁ ?n fé%v1o%:§ tﬁ%gﬁgigglgﬁﬂ&@%ﬁ\lﬁa@ﬁaﬁ \&codes the

IS conserve anit sns rangl ng rom
GWTyepseEein, mhmis 1sTherprestntinvrderadris thenpiesmethesis of GPI

(GPh @/g@e hom?‘h%gﬁf"éséﬁ %%nftq_ron alé@lpci‘o%@rdlé@ zﬁ%%’hod of using

yoel i1 yoelli GM1) are’included in

thignpi4 éng@ﬁ’élﬁ?@s sty seneesingf foF asrdaadmalcfparam (ﬂrﬂne present

invkakGbpay 148 p2bdiBka L AR YO8 ki Y@ A 5 o(ERché/‘E@ﬂA' that encodes
yoelii) (Gardner, at , Nature 419:498-511,

thecgllalltaéﬁaaPaﬁaSltﬂaf;@ Ile bﬂrPQy@I@e@}@ pf@@i?)ln ThEhEF@S@ﬁgener ate
mutbAYEINIS Bave a lower AT content than the original DNA. The present

invention also provides a method of using the degenerate mutant DNAs
in methods of screening for antimalarial drugs.

The GWT1l gene was originally found to encode a fungal
GPI-anchored protein synthase (WO 02/04626), and is conserved in
organisms ranging from yeasts to humans. The present inventors
confirmed that GWT1 homologues (PfGWTL1 for P. falciparum GWT1l; PyGWT1
for P. yoelii yoelii GWT1) are included in the entire genomic sequences
of Plasmodium falciparum (P. falciparum) andﬁPlasmodiunlyoelii.yoelii'
(P. yoelii yoelii) (Gardner, et al., Nature 419:498-511, 2003;
Carlton et al., Nature 419:512-519, 2003). The present inventors
also found that the GWT1 gene product acts as a G1cN-PI acyltransferase
in the GPI biosynthesis pathway. The PfGWT1 gene product is expected



al so found that the GM1 gene product acts as a

GLcN-PI acyltransferase in the GPl biosynthesis
woabdwagse’ The Pf GM1 gene product is expected YOI/JP2003/014920
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activity, and thus conpounds that inhibit this

activity can be pronising antmalarial drugs. In WO

02/ 04626, the present inventors disclosed a group of

to GRROUMIS tAhat abbhihil, t%cﬁcﬁh&’ét}éoﬁ otihesf ungal Wilpit this
gene product. Cbnpounds inhibitin e activity of

act{Katpr & 1°§eREOPr-6aNET a%érl@alé%ﬂyégt 84Ug§ - be
ant maw@r oal/o;zimgs thi tﬂ(}esds@rﬁ;sqmvém%/@ml@ﬂscwged a group of
|nven Qors, S ee e I n | ati.n a.re
corBRBTER: hEY DR dS LhEnGCF aF LY ey i cof CHAG LIS G Bene product.
Compsungst hahGMTtiggnenhpr aduets tof ofakael arparasigkas pweluct were
antlgalarlal drugs can be screened

exDBREBH b RIARE Thedapaa T a2h6d
gtmCbBanpﬂg$é@tyiﬁﬁ@msphﬂt|ﬁyé|pﬁssé@t Lﬁ%eﬁﬂ@ﬁ& succeeded in

transfer.ase,. as n red.pro
isod et bk B PSR ei T R T e P bt St prawra.
UsisgreenGHDs geare peoguohs sifga hat i awlaatisdl: edr sigsh as P. falciparum,
Furth r the present invent.or revea ed .t hat
ant e A Y e S A o DR SEASSBEr SPEORIRaRLCaGr ot RSB
glut:batamenyd)desyﬂhphnabhatadpéuasshéolGT(’IPIbGdls:W)It heyilsransferase

ass%kl%\t, eé) %@’I gSQ%?Ht%éQ%J&gﬁa s%/“t% naI Compounds

nt the eno pe 0
obtgéneddéroml@u@hfim@ﬁﬁnln93u§anlhe|g;qu§mﬂg enttd.medeedml drugs.

Furﬁ:ﬂér ngou{:]}q%:éf] éeﬁ@hirﬁéén’é&s azcé\}evziltélc? tprd%tg@nré“}ate mutant

1 NvVOo IOS nthesis 1 n nalaria par asi t'e
DNAgs|drgensraire m:dt@)ntSt hé tﬁmﬁ&ﬁymabfena:o@els sl;zﬁtm@rla parasite

GPI%&?@&&%@J&&%SM%%S Mb%@r%@%%%%%ﬁﬁt EhAHUAY 6riginal

r AT content t han enco I ng
DNAy heowplepppsy ibReBhsNPETPE] ﬁfl fheaCHrilagepardsifiiedpnt fungus.

ThuBasi pegn,d i 11904¢eds @ﬁ'ﬁdrcébllnﬁouﬁlag t‘?fa[ecsg]ﬂhlblﬁthe activity

i nvention provides the fO||OMAn%
of prAtgarsr dnMglvedany 6Re Bfiopynthesig) in Wailemliedcpasgsites by

usﬁ’lgpr atkehf ideR, nlﬁll@r;ﬁ}?erﬂﬂfﬁ% tsr haypg s@’n@%‘élél‘epbene deficient
Itransferase activity (a) a DNA encoding a

funﬁi‘lét et RER oW FR| %gd%%n%m%% Tt P s ddiferddh of lop@n BT content
(thBE tReODNA, eﬁbbd@n@l\leh@oapm siiBgyhRacBYsl gebkden in malaria

parggggen ehgg ggg% ?ngg%d%cg& 3,

Specifically, the present invention provides the following [1]
to [25]:

[1] a DNA according to any cne of (a) to (d), which encodes a protein
of a malaria parasite having a GlcN-PI acyltransferase activity:

(a) a DNA encoding a protein comprising the amino acid sequence
of SEQ ID NO: 2 or 4,

(b) a DNA comprising the nucleotide sequence of SEQ ID NO: 1 or
3,

(c) a DNA hybridizing to a DNA comprising the nucleotide sequence
of SEQ ID NO: 1 or 3 under stringent conditions, and

(d) a DNA encoding a protein which comprises the amino acid
sequence of SEQ ID NO: 2 or 4, in which one or more amino acids have

been added, deleted, substituted, and/or inserted;



(c) a DNA hybridizing to a DNA conprising the

nucl eoti de sequence of SEQ ID NO 1 or 3 under
wenningerst conditions, and (d) a DNA encodi ng BCPOP1083/04920

whi ch conprises the amino acid sequence of SEQ I D NO

2 or 4, in which one or nore am no acids have been

added, del eted, substituted, 4nd/or inserted; WO

2004/048567 PCT/ JP2003/ 014920 4 [2] a protein encoded

the &%‘Hﬁd‘tﬂacﬁ Oy Wre [Ra 3aé’é“&ﬁc%3£mj nto whj ch

accordlng to [1] is inserte

t[r3a]n§ SRRFRT i ich whekai ridhe |W%@%§Qﬁ@§§% bte kthiks inserted;

the DNAREEFITHRE tailch rekatihe,veat ah agpeedkNg1k0state, the
an antimal arjal drug whi ch onpri ses as an

DNA S3be et g bl bhi o5 EBapBaRtor DAECP R BY L £ot R3]

aod ] Wint a{n@im&bgrpwt@m@ aeeAdeBlpk9seb2s jar abttlhe ingredient
anti mal ari accordin wher ei n

2 COBHPURALT T hat ™ PP b t B¢ neChOT Hoy 9 oFE et pl 8t pecording to

[2]according to [2] is at |east one selected fromthe

L RN LI T R —

thaEQ@Ml@ﬁ.@ih@@rdmbﬁl’éﬁéQﬁro&el_(rﬂéictoBdlngr’tﬁb [BBNLs at least

net hod of f d
one 35 TS Ak FRalF hal T RY PRt e BT nOEohhe B TBRERS compounds
(1) step$5pt:

O :N (1)




(1) contacting the protein according to [2] with a

test sanple and a |abel ed conpound that has the
waaebiusds7of binding to the protein, (2) deteeCrapovirel4920

| abel ed conmpound that binds to the protein, and, (3)

selecting a test sanple that decreases the anmount of

| abel ed compound that binds o the protein; [ 8 ] the

nmet hod according to [ 7] , wherein the | abel ed

conmpound that has the activity of binding to the

prot ei T Sproduced by | abeling at |east one conpound
selectrh fromthe group consisting of the conpounds
(D~ e ording to [6]; [9] a nethod of screening
for | havin ntimalarial activity, which

conpri ses\t teps of: (1) contacting a test sanple
with the pryj according to [2], (2) detecting
’ A (3) selecting a test conpound that
decreases th Br of GlcN- (acyl) PI; [10] a method
of screening for a conpound having antimalaria
act|V|ty whi ch conprises the steps of: (1) contacting
a*Pest sanple with a cell overexpressing the protein
WD 2004/ 048567 PCT/ JP2003/014920 6 according to [2],
PN NG t he anDunt of GPl-anchored protein
to the f wal |, and, (3) selecting a
ses the amount of the
d protein transported to the cell wall, as
ep (2); [11] a nmethod for treating
ppri ses admnistering a conpound
: act|V|ty of the protein according to
[21; [12] the sQding to [11], wherein the
conpound t hat |nh|b|ts the activity of the protein
according to [2] is the conpound according to [5];
[13] a DNA encoding a protein that has the activity of
cbnpl envathag chespheavippefof a GPhpeyntihhseing antimalarial
actﬂ%%NXde%hﬁbﬁ”bo%%@iges W%'C%t' sdcfegenerate mitant of

encod Ing a protein i nvol ved
contacting the protein according to [2] with a test sample

and a labeled compound that has the activity of binding to the protein,

(2) detecting the labeled compound that binds to the protein, and,

(3) selecting a test sample that decreases the amount of labeled
compound that binds to the protein;

[8] the method according to [7], wherein the labeled compound that
has the activity of binding to the protein is produced by labeling
at least one compound selected from the group consisting of the
compounds (1) to (5) according to [6];

[9] a method of screening for a compound having antimalarial
activity, which comprises the steps of:

(1) contacting a test sample with the protein according to [2],

(2) detecting GlcN-{(acyl)PI, and,

(3) selecting a test compound that decreases the level of
GlcN-(acyl)PI;

[10] a method of screening for a compound having antimalarial
activity, which comprises the steps of:

(1) contactinga test sample with a cell overexpressing the protein



in GPl biosynthesis in malaria parasites, and that has
a lower AT content than the original DNA, [14] a DNA
wenewaiustg7a protein that has the activity of  PCT/JP2003/014920
conpl ementing the phenotype of a GPlI synthase
gene-deficient yeast, which is a degenerate nutant of
a DNA encoding a protein i nvoPved in GPI bi osynt hesi s
in malaria parasites, and that has an AT content
accWhb€Rgi sor edyced by 70% [15] the DNA according to
[13i or [14], which is selected from the group .
cohki R FigrBting Hhen BN En &fdGhg —anshersich Pirgein transported
to €REPEkEsESwany,onadef the am no acig squences of SEQ
ID NGCs:. 2 apnd 4, and odd sequence identification
nbibe? S1FRESED # OF RS SEIRYE T3t adeRECRE/Pr FRE nghaRyt of the
GPIeafchbrtbephoes enti en Sespentes eheSERL 11 NGS adl @ rmined in
3, d even sequence identification nunbers in - SEQ
stepp (fs:

6-47, (c) a DNA hybridizing under stringent
cpntlj i meshé@ foDiNAet bahg nedyiseshasy @igpisddh@dministering

| eot.i ; SE D NOs: d 3, id even
s T U R R S
[2]and, (d) a DNA encoding a protein which conprises ané
f.th i id f SEQI1D . 2 an
AT i R s ST Fat Thly WOMBEr3 rhe ceefipgend that
inhNOSt s 6l adtd wittiycbf difes prowerie aotoodacyds Hayei \Bhe compound

4/ Q4356 CT/ JP2003/ 014920 7 been added, del eted,
accéggéﬁgt§?eg??énd/or inserted; [16] a DNA conprising
t FES huz| BI%A | dleceeiuenz o bt SEQ tiaNhas; the 1d¢tavity of

: . : " ; Ty
comp PG4 85RO A P05 11867 L8 A e e LI L voast,
whith ap expressebhéesmutentt hé aDNMRaevording topanyedneinvolved
- b Ot 210 LNQg 1; . L19]
i O B Rbe b oak e DEAE T bR R e ahg, hitipph d Lover a7
conggpthhben gbaeocyépisprénPNRangus; [20] the transformant

accor di NGA O hdBdiin écgﬁé§e§nc%ﬁa§yﬂ$§a§ﬁe activity of

gene-deficient yeast; a method for producing a
comB;@m@ph1ggc@@édﬂﬁymgqmmpogb@dﬁ@lrﬁynthase gene-deficient yeast,

which is a degenerate mutant of a DNA encoding a protein involved
in GPI biosynthesis in malaria parasites, and that has an AT content
which is reduced by 70%;

[15] the DNA according to [13] or [14], which is selected from
the group consisting of:

(a) a DNA encoding a protein that comprises any one of the amino
acid sequences of SEQ ID NOs: 2 and 4, and odd sequence identification
numbers in SEQ ID NOs: 6-47,

(b) a DNA comprising any one of the nucleotide sequences of SEQ
ID NOs: 1 and 3, and even sequence identification numbers in - SEQ
ID NOs: 6-47,

(c) a DNA hybridizing under stringent conditions to a DNA that
comprises any one of the nucleotide sequences of SEQ ID NOs: 1 and
3, and even sequence identification numbers in SEQ ID NOs: 6-47, and,

(d) a DNA encoding a protein which comprises any one of the amino
acid sequences of SEQ ID NOs: 2 and 4, and odd sequence identification

numbers in SEQ ID NOs: 6-47, in which one or more amino acids have



to any one of [13] to [16], which conprises the steps
of culturing the transformant according to any one of

woO 28(4/0u856f 20] , and recovering the expressed pPOTEPI003/014920
fromthe transformant or the culture supernatant;
[22] a nethod of screening for a conpound havi ng
antimalarial activity, which’conprises the steps of:
(1) contacting a test sanple with a GPlI synt hase

beeﬂeaadéaf'abﬁakedeEQBétg%Bkéas'EQdVB% DNAa¢e@r.ding to
ﬁﬁone of [13] to [16], (2) assaying the grow h of

Jffan%% cwwgig}g sre G & TdS tSeBIFTMER IFRQ ID NO: 5;
l nhi bid syedie rgnawihi of 4 Pk aéasga§ng[@§]arg; wihed pi3] to [16]

, screenlng for a conpound having antinal ari al
1s ABBPYLEF; which conprises the steps of: (1) contacting

a[w;sta &acrmisefdmﬂath@wmlchsyetaaﬁg genesdeli&iible state, the
t he DNA_accor to any one of

us expressi [ 13]
DNA 60?% ng oy Y S mﬂqélﬁﬂetané&%ﬂ OF HePlecfthsee@rding to
[17protein transported to the fungal cell walls, and,

t t | e that decreases the anmou
OF 10 h & I ARG R OERE T arS por ko WP P SRIGET synthase

genmaﬁbflaSedeteUﬁgned in step (2) ; [24] a nethod of

SPAFELS o FosamRound Do g BTG IR 48 o 2 Go synenase
genenrteddudceng ybasBNA according to any one of [13] to
[ig In%%&hfﬁ% o¥£%§a%%pg8%%¢%%%%%#%%%0&%@98§ gqgﬂ&according
to @ﬁ?/dﬁ@O@B/Dﬂ&BZﬁD BlGEmcﬂﬁBﬂlgynmimidﬂﬁAth@QEteps of culturing
ot expressed in.s
theﬁ%ﬁgéétlng $§ pr%%?%h%gr&FéPne OFhE est éﬁbfﬁ“ﬁﬁ&coverlng

theaexpabeked popmpedndfirbat thastirhesfotrmenty ocaf thiendiuigure
rotein, (4) detecting the |abeled conpound
supggngbgpgds to the protein, and, (5) selecting a test
sbip] ea theithadeécoEaseseehenanbont a ofohpbehddhaving antimalarial

act §9TRQUNGAL Bt Sbiads JLa the Brabei B.and, [25] a method

reeni ng a conpound I ng antlnalarlm
(1) contacting a test sample with a GPI synthase gene-deficient

fungus expressing the DNA according to any one of [13] to [16],

(2) assaying the growth of that fungus, and,

(3) selecting a test compound that inhibits the growth of that
fungus;

[23] a method of screening for a compound having antimalarial
activity, which comprises the steps of:

(1) contacting a test sample with a GPI synthase gene-deficient
fungus expressing the DNA according to any one of [13] to [16],

(2) determining the amount of a GPI- anchored.proteln transported
to the fungal cell walls, and,

(3) selecting a test sample that decreases the amount of the
GPI-anchored protein transported to the cell wall, as determined in
step (2);

[24] a method of screening for a compound having antimalarial
activity, which comprises the steps of:

(1) introducing the DNA according to any one of [13] to [16] into

a GPI synthase gene-deficient fungus and expressing the protein



activity, which conprises the steps of: (1)
introducing into a GM1-deficient fungus, (i) a DNA
wenewiussg7 a protein that has the activity of PCT/JP2003/014920

conpl enenting the phenotype of a GM1-deficient

yeast, wherein the DNA is a degenerate nmutant of a

DNA encoding a nal aria parasi Be GM1 protein that has

a lower AT content than the original DNA or (ii) a
enc¥B8eHOby Rhe whihch the degenerate nutant of DNA has

been inserted, and expressing the protein encoded by

t he) JRERRRFARE R aREODRID E2PresepdringSERE HLot ei n

ewr eécsle@lawlﬁ@e@hé1ﬁ>re§§}e&0§£§€éiﬂgwi’eﬁ gr @Qé&egample and a
st _sa detectin

Glc
lab(eésﬁﬁl Fgfﬁpouaﬁgtbéjt §éﬁeébﬁnsc l%’é§fl 8§nﬁét‘}ﬁdnﬂh§f3 the protein,

decy erseTHikgy {:Ee\!Qa@le&@ﬁboﬁﬁ@%ﬂa%lngg%%e protein, and,
eg% odi g the GM1 protei n of Pl asnodi um f al CI par um

ST SoF GEES TR L H A FeCrErRTes hherpmount of labeled
compbaﬁdnthalﬂvbﬁl.hd@nto the pwekeahi;dansgquence of the DNA

e roteln s shown in QIDNO 1, ,
R R Rt et o cEaoRiel £Rr( RooPReRIEOpiBrPH apbinalarial
- actdetitfor which SEﬁkasN@'tae kRepddoifi:on, the nucl eotide

Efggﬁggﬁe{ﬁﬂof the. %@\mﬂ ncg é)hhe G\NI'# rote| Qﬁg 2 PNA encoding

a pandeuhethatnbaactdesaqhén¢tyobfthemBQQMEhtlpgothenph&notype of
h.in, SE .ot el
a Gﬁ%& %c¢€n§h¥g%§g;ycbﬁgglg EPGM%ﬁApls %egenerate mutant of

nvo n
a D@Ayensydphgsphaaladyia rm:rasniteé @)1 pevtohin schesséntd al lower AT

con%%ﬁtfEﬁagr%ﬂ@horﬁﬁthgaﬁﬁélV' ﬁgggg%.v.C%Opara%b wﬁlch the

unds ty of
degpnkaeia mparasi pé WA hapriotei mneamtbel usedl expressing the protein

encBAERMR aEhgldg5gg%F§§g Hu@gkknghgr|al drugs can be

screened usin arra paraSite GM1 protein. WO
20@&/Dﬂ%@@ﬂlﬁgﬁtb@zmogt@1ﬂ9@@pr©SEh@ preseap i(hvention

pf@V|Q§§t£@@§nﬁgﬁgg ﬁﬂ?%%fe ?6%@1 apashtg tqulsample,

protein. Such enco Ing a protein
cohbristegtingeGheiinéaari HPEeqaefice of SEQ ID NO 2 or

Bsﬁnge@@tfﬁgpy@é@g ¢ o@H&'@ﬁ’étd&eéESHEQQGtgé PER1 of

he present 1 nvention also provi
Glcﬁﬁw§0¥ﬁé8§lng proteins that are functionally
equi valent to the protein conprising the am no acid

The DNA encoding the GWT1 protein of Plasmodium falciparum
(PEGWT1) was isolated for the first time in the present invention.
The nucleotide sequence of the DNA encoding the PfGWT1 protein is
shown in SEQ IDNO: 1, and the amino acid sequence of the PfGWT1 protein
is set forth in SEQ ID NO: 2. In addition, the nucleotide sequence
of the DNA encoding the GWT1l protein of Plasmodium vivax (PvGWT1)
is shown in SEQ ID NO: 3, and the amino acid sequence of the PvGWT1
protein is set forth in SEQ ID NO: 4.

The GWT1l protein is involved in the biosynthesis of
glycosylphosphatidylinositol (GPI), which is essential for the growth
and infectivity of malaria parasites. Thus, compounds that inhibit
the activity of the malaria parasite GWT1l protein can be used as
antimalarial drugs. Such antimalarial drugs can be screened using

this malaria parasite GWT1 protein.



sequence of SEQID NO 2 or 4. Herein, the expression

“functionally equivalent" refers to having biologica
wonropdisices equi val ent to those of the protei RCOAP2003/014920

interest, conprising the am no acid sequence of SEQ

IDNO 2 or 4 (the PFGM1 or PVGNWl proteins) . The

bi ol ogi cal properties of t hedPf GM1 and PvGAT1

proteins include GLcN-Pl acyltransferase activity. The
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be Ne8surSAilkki the Ketdpdalrepostiednibe Q@Q’;em -a4gd Or1Ea88)(J. Biol.
Chem Wi§9§Pe§Ef7L§§Pb¥86b§ mdeFF?g%S#LEEEeDoeglpg (Biochem. J.

g ment ati on 0§e sk
199@ | 4€@;2Prdi mal aria parasites, a DNA highly
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nEr|S|ng t he nucl eoti'de sequence of
nuCéeo Fet $REMREe INEEQ ARt NGanl Ise ﬁsoP%\tieQNZb)FnCOdlng a protein

whleMdeﬁﬁﬂlaéé&'ﬁh@r alEio é&@%b%ﬁ%ﬁceaﬁg §Ei@ﬁDW@r 'Zdb%e4, in which
th the DNA conprising the nucleotid sequence of

one §EQ‘“PE§eI\@111° @Fl@ls Ja%eér%%l EeREA s%%il%e@hesumzﬁslt@fted and/or
inséheedD 2004/ 048567 PCT/ JP2003/ 014920 10 present
|n ntlon i ncl ude DNA encodln%§a mal ari

S%Fo%ﬁ%s%‘ﬁt tHRe B8 RER dRr |lﬁ§etdhl%y Mmethods well
knoaﬁim tawgé sequengeinftEQrt.D Moamd1es 4f st mehkabdg include

e PR ESH € ool oaye i nalkudes Lhogeyol 5. Moi1. Biol. 98: 503-517,
1975) and the polymerase chain reaction (PCR) (Saiki R.K. et al.,
Science 230: 1350-1354, 1985; Saiki R.K. et al., Science 239: 487-491,
1988). More specifically, it would be routine experimentation for
those skilled in the art to isolate, from malaria parasites, a DNA
highly homologous to DNA comprising the nucleotide sequence of SEQ
ID NO: 1 or 3, using the DNA of SEQ ID NO: 1 or 3 or portions thereof
as a probe, or by using as a primer a DNA which specifically hybridizes
to the DNA comprising the nucleotide sequence of SEQ ID NO: 1 or 3.
Furthermore, DNAs that can be isolated by hybridization or PCR

techniques, and that hybridize with the DNA comprising the nucleotide
sequence of SEQ ID NO: 1 or 3, are also comprised in the DNAs of the



Pl asnodi um fal ci parum Pl asnodi um vi vax, Pl asnodi um

mal ari ae, and Pl asnodi um oval e, which conprise the
wamne4ger d sequence of SEQ 1D NO 2 or 4. PreCeupiny014920

a DNA descri bed above is isolated using hybridization

reactions under stringent hybridization conditions.

As used herein, the expressi "stringent
hybri di zati on conditions" refers to, for exanple,
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PerfAldtsigmdl ( B o1& chlo ~S. . .

waspAcad. Fc,i. A 87 22.64.-%%68, fggfg’;r Zar) ULy fplloved by
APESchhl @ 2K SPF grontgining AA9% SBE.atUSA°9Bor five minutes;

(2) 5873x583T, cdR93)niByAST084 0oHs t ane, :

in o8l led, BLASTN and BLASTX, have %E‘?ﬁﬁsfe o&gdmlnutes' and (3)
(AT tEChTPTS2EN18E &1 15 SDY atvpP . CBier .22msnuses, 1B889O)DNA thus

isolatWhensaenpekeeti de saguerce F%l?gr@béég%plwg%hg bighghomology

Al t he, anmeters are se _

3t t%_o A .O_i’}\%%‘gai%% h=0 191 @i astiivbrsdearediceanteeh S&Q ID NO: 2

or 4 amberedai,d “aeqghencrol sgyanmazed B%hﬂgn@e/‘\?&%&atﬁpg of at least
S exanpl e, at "score= an

o r er e
70% %r@g}é%hg ﬁg%lfas\&gngg%eoéﬂx FeanfiotappeaierasTy 90% or more,
and meofranet erabl yise dhencdef, ault tpr areler anfi gk §a¢H sequence.
proglamar.e used., goecific . procedures for such
anal ysis are known E%b TRkt RD aFié Bfquenee level or
nuclagt i daaequesidet UteedfcaBi btatdtnokORed REQhEB A OBIWET 21g0rithm

of Kad004{ Qﬂé%ftggél] Q%{%Q::i/i%légzaond %J_[tschul S.F, Proc. Natl. Acad.
Sci. USA. 87: 2264-2268, 1990; Karlin S. and Altschul S.F, Proc. Natl.
Acad. Sci. USA. 90: 5873-5877, 1993). BLAST algorithm-based programs,
called BLASTN and BLASTX, have been developed (Altschul S.F. et al. ,
J. Mol. Biol. 215: 403, 1990). When a nucleotide Sequence is analyzed
using BLASTN, the parameters are set, for example, at score= 100 and
word length= 12. On the other hand, when an amino acid sequence is
analyzed using BLASTX, the parameters are set, for example, at score=
50 and word length= 3. When the BLAST and Gapped BLAST programé are
used, the default parameters for each program are used. Specific
procedures for such analysis are known (please see the web site of

the National Institute of Biotechnology Information



htt p: // ww. ncbi . nl m ni h.gov). DNAs of the present
i nvention conprise genom ¢ DNAs, cDNAs, and
wohewoagdely synt hesi zed DNAs. A Genoni ¢ DNA or PCDNIE200Z 04920
be prepared according to conventional nethods known
to those skilled in the art. For exanple, a genomc
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breparegc £ pexamlarde s Hosel avs ch(idormprittee sniuclreptdmr based on
MRNZS SHIEREESe ENEPGI NG 2R L0 8 QErdsing amno acid . .
~sequences in which g%éedo rrlf)are aémss'no ac dCP%§faH‘éEln9 & CDNA
library BibkeserE bRy tdw evedheisisect edNA andd arecadded such as AZAP;

(1iifhespresdhfgl i4Ad atipga on;hhg-pu a ite of the
b a(rsg'jrno acid mutation in prot ef?ﬁ ¥ %ﬁ{c} oggﬁab%\)/%?uggmg colony
YPLIEtE 3 dd Fhe Mt aPe8IUBr ot widF Ldizaitionf ures | odesobibbd  above.

Alteamiagiivall ypr ahei DS kaas Aihes i | g D

F. gﬁ al .8 Proc. Natl .,a Agad. %éai %%%EI%%S#@QH’%#R
5662-3686°S20F | eRFVeRF19n &lspi PHOVEHes RYBBekncAdidy proteins

struRéseardly {{k98PYr +3GhSEBEtE5A% AN, ; - ;

of S&ﬁgr@g %2{}5 14%51%];153?’ Dal_badi - N%ﬁéﬁ%ﬁ%,aﬂé”oe?“d sequence
at -0 Mot Ot 1 NAgdinclyge thoseyhich cempol 84 18cleotide

Sequéheep%mmmagg Eﬂfﬂﬂﬁiglai @QmFﬂBQn@C%ngﬁqcﬂ %c&ﬁp%égh%%{cé%g/n which

, rerera 0.0r ess, and nore rereranly 0
one G R apiid ReTP ¥ aPLdnrAc e W atsh e, Fgloted, inserted,

and/ggdeddied, tHermnitencoflimitatedn on the number and site of the
aminoacidnmtation:hlproteinsn@ntionedabove,soanm;asthenmtated
protein retains functions of the original protein such as those
described in Mark, D. F. et al., Proc. Natl. Acad. Sci. USA (1984)
81, 5662-5666; Zoller, M. J. &Smith,M.,NucleicAcidsResearch(1982)
10, 6487-6500; Wang, A. et al., Science 224, 1431-1433;
Dalbadie-McFarland, G. et al., Proc. Natl. Acad. Sci. USA (1982) 79,
6409-6413. The percentage of mutated amino acids is typically 10%
or less, preferably 5% or less, and more preferably 1% or less of
the total amino acid residues. In addition, the number of mutated

amino acids is usually 30 amino acids or less, preferably 15 amino



amno acids is usually 30 ami no acids or |ess,

preferably 15 anmino WO 2004/ 048567 PCT/ JP2003/ 014920
wa20@Emusts7or | ess, nore preferably five am no RCTAB2003/014920
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roteins can be nade by technlques

confRbiART A BT GEPEDh SR b fn ¥ ho SAFE, CIA B ARBRETLnG & sulfur

atomndC i Mhﬁ)lﬂldlé nitatn Oreordtn trhirsy RAIKE B ILGMIAYEd an amide
ng t Iarlagarasne 1 protein of
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2 S e ) L e T oo
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to & pegwent skVSPeGPL rdgmentt,. pHZBHIé&axﬁpHgﬂ%ﬁid wi¥hba@, limitation

to ‘d’ﬁ\é %%1 |tr%'% trl%%ng%{ﬁgéqtﬁgt ' gﬁndlglﬁ,? rrrgqn%qdléq Ii:éil&n,aﬁtlarla parasite
GWTZEpgg@@egg of thgrpﬁ@ﬂist ﬂ-haemmy)nb:&arf bsetbntod ree PR Ot RIDNA encoding

oroblet DPLESels NI EO0 O ot eapigrpdarvRs matcn. 3
pro mt%tth%gﬁ’wagt gqam\a@mbswrdacsen Bown nal fostehi pddigin with a
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fragment T7-tag, HSV- -tag, E-tag, SV4OT antlgen fragment, lck tag,

a~tubulin fragment, B-tag, and Protein C fragment. Examples of
proteins that may be fused to a protein of the present invention
include glutathione-S-transferase (GST), HA, immunoglobulin
constant region, B-galactosidase, and maltose-binding protein (MBP).

In addition to using the above-mentioned hybridization and PCR
techniques, those skilled in the art could prepare the above-described
DNA by methods including, for example, site-directed mutagenesis to
introduce mutations in that DNA (Kramer W. and Fritz H-J., Methods
Enzymol. 154: 350, 1987). A protein’s amino acid sequence may also
be mutated in nature due to mutation of the nucleotide sequence which

encodes the protein. In addition, degenerate mutant DNAs, in which



i ntroduce nutations in that DNA (Kramer W and Fritz
HJ., Methods Enzynol. 154: 350, 1987). A protein's
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to mutation of the nucleotide sequence which encodes

the protein. In addition, degenerate nutant DNAs, in
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The host cell into which the vector of the present invention
is introduced is not specifically limited, and various host cells
canbetﬁedaccordingtothecbjectivesofthisinvention. For example,
cells that can be used to express the proteins include, but are not
limited to, bacterial cells (e.qg., Streptococcus, Staphylococcus,
E. coli, Streptomyces, .Bac1llus.subtllls), fungal cells (e.g., yeast,
Aspergillus), insect cells (e.g., Drosophila S2, Spodoptera SF9),
animal cells (e.g., CHO, cCoOs, Hela, C127, 373, BHK, HEK293, Bowes
melanoma cell), and plant cells. The transfection of a vector to a
host cell can be carried out by conventional methods such as calcium

phosphate precipitation, electroporation (Current protocols in



limted to, bacterial cells (e.g., Streptococcus,
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insect cells (e.g., Drosophila S2, Spodoptera SF9),
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et e E i e une 1P UL Bt Ao mseida 1€ = Protein of
thepmeeahtmnmenumdmmsqdddudéwﬁhtuhaélYuléhﬁypﬁﬂébélfsarelysed

hen. t he_ pr in | coll ected. A protein of
and e preseﬂ?é?é%%ﬁn%%w1§ii ol l ected and purified

f r o R ¢ee bmioif nizns pcr:elsbntlﬂrmﬂre:lwi’l ogn e beUseKBOMANdburified
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te or anol ~“precipi
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[ ul c tQaraphy, hydraopho
P g O g by cchanse
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hydrt‘@?&fﬁaﬁas’fdlfeﬁ éﬂir@@f’f@@amﬁ}belm'gi Slepariat ethrdmarodephy .

@bm@bﬁﬁbse@%bﬁgaqﬁﬁtD&kgrofx ﬁ@ Sresdge NALMLAL;: 0n are isolated

environment if it’is natura OCCUrFing
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compBidd @fmingkbekant kakh¥stantially abundant, and/or in a sample
where the compound of interest has been partially or substantially
purified, is an “isolated” compound. The term “substantially
purified”, as used herein, refers to a state where the compound has
been separated from the original environment, and from which at least
60%, preferably 75%, and most preferably 90% of other coexisting
natural components have been removed.

The present invention provides an antimalarial drug that inhibits
the activity of the GWT1l gene product of malaria parasites. A
preferred compound inhibiting the activity of the GWT1 gene product
of malaria parasites is the compound described in WO 02/04626, and
includes the compounds (1) to (5):



purified', as used herein, refers to a state where the
conpound has been separated fromthe origina
wenviroasssent , and from which at | east 60% preCeapiny 014920
75% and nost preferably 90% of other coexisting
natural conponents have been renpved. The present
i nvention provides an antimallaxial drug that inhibits
the activity of the GM1 gene product of nalaria
parasites. A preferred conpound inhibiting the
ry9f the GM1 gene product of malaria
N S the conmpound described in W 02/ 04626,
and™~*T ntf udes the cOhpounds (1) to (5): WO 2004/ 048567
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(5 H conpound (5): N[2-(4-butyl benzyl)

PCR{ JR20M3/ 014920 16 A Conpound that inhibits the
activitly of the f@)aria parasite GAM1 gene product,
or a sa ¥jereof, or a hydrate thereof, can be
admnistgred as it is to manmals (preferably hunans).
It can al SO W& fornulated by a conventional method
into a tablet, pemigrH fine granule, granule, coated
tabl et, capsule, syrup, troche, inhalant,
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auxiliary agents

(3)

compound (3): S-butyl-2-(l-isoquinolyl methyl) phenol

X

~ ~N

O F (4)

Br

compound (4): 2—(4—bromo-2—fluorobenzyl)—3—methoxypyridine

b )

compound (5): N-[2-(4-butyl benzyl) -3-pyridyl]-N- methylamine



ordinarily used in pharmaceutical fornulations (for

exanple, fillers, binders, |ubricants, coloring
wagengssef | avori ng agents, and as necessary, PCT/JP2003/014920

stabilizers, emulsifiers, absorbefacient, surfactants,

pH regulators antiseptics, and ant|OX|dants) can be

used. A pharnmaceuti cal forrrﬂjﬁatl on can be prepared
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com}:QLCIIﬁI%f: %xﬂ%{a%@ﬁtgarcﬂgge%re sgfénoé’r l&k\%]gd Fs J.ngredlents for

ne polyoxypro ene b copo
phanmﬁQ§uExﬂaﬂﬂRianﬁraﬁmﬁm&uIes such as hydroxyethy

I I I
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compﬁétrhillo éillﬂeup@s§éenltomerfeat@ghobs & Ueaamacet hierl Larakbceptable
salt %9@&@9@%% Qoflyﬂyéﬂf i gna'acsohel:éséagp h&ggr QIJ]sultegrator,

propyl ene glycol’,” di propyl ene gl'yco sor
lubgiiagrs s@e Oéénggﬁg@ﬁﬁzzﬁﬁﬁ?ﬂﬁ#&%eaGEﬁévgéﬂK% pevitler and then

FormlGt %hé'r@i;@t@ﬂ?éQn%%hé/‘fbrom%’r,vﬂgg%@/a(?ﬁﬁ@? ranule, tablet,
PCT/ JPZ003/ 014920 17 nmgnesi um'al um num si | i'cate, and

coatad fiaihftsi IGaRRE:C arNDEYGh &Y Watak mebhafst es of
fi Iﬁx%&@l'e%cbﬂdaﬁuéé@tc%%@on%%rt% shalghe: rafided FaWhit @ vegetable

| ucose, mannitol, sorbitol, crystalline

011 cf i 0S8, SANAC2S [Sidon RA<Ki HeL L8 ndare SVELBEIL) gAyceride;
hydr&:Id‘a(lIBan I@s@IchVIaByil@hf@rparaIHﬁVI seRlalieneseanBt &ylid paraffin;

estéfk%ﬂkpgﬁc ggIgé%yi%odéé??%ﬁ??IQtaggIg%érhsopropyl myristate;
higher alcohols such as cetostearyl alcohol and behenyl alcohol;
silicone resin; silicone oil; surfactants such as polyoxyethylene
fatty acid ester, sorbitan fatty acid ester, glycerol fatty acid ester,
polyoxyethylene sorbitan fatty acid ester, polyoxyethylene hardened
castor oil, and polyoxyethylene polyoxypropylene block copolymer;
water-soluble macromolecules such as hydroxyethyl cellulose,
polyacrylic acid, carboxyvinyl polymer, polyethylene glycol,
polyvinyl pyrrolidone, and methyl cellulose; lower alcohols such as
ethanol and isopropanol; polyhydric alcohols such as glycerol,
propylene glycol, dipropylene glycol, and sorbitol; sugars such as

glucose and sucrose; inorganic powder such as silicic acid anhydride,
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staich, agad, annn&QﬁasagylaﬁhumIdﬁysmarﬁﬁnwanbilulose, calcium
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T my SRELHR b SHay SRERERPRaTy SRlihb) B CLar By dextrin,
pecttire,r entfl. cal\biatwdsaﬁrbbxpmedhgﬂnglémﬂesaal Llﬂmmﬂmlts; ams magnesium

not stric a a o« vent i.on

stedafdl RSk epPiras At uith o, LI AT N gt arre ot
and sekkect emlxémphesaxf ouso nat @ rigaing sox gk raoisleya csepic ed dpr addition

égggm Sa T as%l%%%%i ggggklcgreaggcéngOWder I-menthol,

pemafl caJI base be used are or
aromtanplcéx,smmt ,f atlrmmlve@etrabbé,opnsnampnepawderb sand such.
r
the BLOLOELTar B8EE 100 HIEMED Mbopr 13d) BRkHRg) 25 necessary
is cpfblqmme rettbiwiisle mm@rtlsw@bt@bmw omqie@m@@les
: AU

AR (LS YR 89 BECSARAY aniHnjact Lons

can gpe | BEPPRECENHSARE] CPONgAlt iegent énetgmog@m nd Dmeu@r gnethods, pH

regﬁiéﬁgﬁﬁce§ol@BQl§%%Qs”3ﬁ§Hﬁ8th&§@d§ enE@me%ﬁﬂitgﬁch and as

base naterial s hé external formulations of the
necw%@émsqmﬂi@mgana@waﬁnrtﬁm peabiihapEPp. and so on, are added
to tHE th&k :@dsa§fn@§§§5§ﬁWén@9ﬂPQﬂ§ 1$a EHEPe@Si QDS acceptable

t hat 2004/ 048567 PCT/JP2003/014920 18 have a
salts fikee®f ati on-i nducing effect, blood flow

acoa@icy For %Eﬁah@hﬁgsex@@fﬁ@3|ﬂ&ﬂﬁﬂﬂé&iﬂﬁﬁ“ﬁ%,n@@'festricted
and%ﬁi{%%}grgonven%ggggl gg%di That is, base materials used for
formulation can be selected from various materials ordinarily used
for medicaments, quasi-drugs, cosmetics, and such. Specifically,
the base materials to be used are, for example, animal fat and
vegetable oils, mineral oils, ester oils, waxes, higher alcohols,
fatty acids, silicone oils, surfactants, phospholipids, alcohols,
polyhydric alcohols, water soluble macromolecules, clay minerals,
and purified water. As necessary, pH regulators, antioxidants,
chelating agents, antiseptic and antifungal agents, coloringmatters,
fragrances, and such may alsc be added. However the base materials
of the external formulations of the present invention are not limited

thereto. Furthermore, as necessary, components such as those that



acids, hunmectants, and keratolytic agents can be

conbi ned. The above-nentioned base materials are
wadamEb4ss7an anount that | eads to the concent Parisp03/014920

usual ly used for external fornulations. The term

"salt" as described in the present invention

preferably includes, for exanfle, a salt with an

inorganic or organic acid, a salt with an inorganic

hav@rd'HHﬁEgEéh@¥§%hoﬁwlﬁHé@Qﬂ m%%@e@@ %ﬁéﬂ#:fTOQag Gelerants,
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a01@1tokﬂ£nBSEhEOQmﬁjﬁﬁld013[eﬁﬁfaphﬁt@éam9k?5e@fpﬁa§ﬁbheutlcally
kaI| netal salt such

nin anic b re: an
accbtdo T 4 PaTT Sart DT S s PG SarEd RS%d KFTheSalts at an
appeapthat’retraitﬁabif GUC hoas m@l@@h@lels%ﬁabtida@ﬂ Rise to one molecule
of gﬁgne5|unls$ an alum num salt, and an amoni um
OBPRrd ably, a salt wwth an organic base
i nclRickee mlshd exaimph edi @f Iaykam': n&tkﬂhaﬁmmj;a&d@%ucid are a salt

: i he, d enzyl eth edi am ne. . e .
i o A A b T b Rlas e amiflo nitric acid,
anda:(hod;péroerlcaasadit vﬁltehfeatsqj:a]ry,l e sditdwatt gl utgahd:camdj includes

th a _basj c .anino
& S?%QPE%%@ é&%%% vw% arglﬁfﬁé aﬁﬁ% ngumgﬁ&c Sfﬁdfhpﬁ%elc acid,
tarThelicamiolngds toflct heligr esaritic avent, i shearisaddisd, benzoic acid,

netARELEO fofilc Dydaat ﬁdt§e£89£eﬁsgu9 oA DLeLer ed

oral Ty or parentefa conven |onaI
Wi t r&nﬁfqnahlt%tampal@st @ft hesalt oviith Breyincargarbes base are: an

alk£9{nHéﬁéﬁdstEOSQQEag% fo@ﬁﬁhﬁﬁ?@é%%téﬁﬁeg§%%9$ fﬁﬁ salt; an

fine granules, capsules, syrups, .tro
alkalibposiardi Betali sy besuehsas ¢i aekehts, salle aodn magnesium salt;

EME P 2 NAS A odaapg 88k ymd
o | oti ons. f%e "dose of the ghg?néggﬁtlgﬂ{ é%ﬁygéltlgalt with an
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megfﬁm@ﬁ@ﬁ8§§3 ﬁKﬁVJ&?QQﬁéQié@@Qlenedlamlne.

Preferable examples of a salt with an acidic amino acid are
a salt with aspartic acid and glutamic acid, and preferably, a salt
with a basic amino acid includes a salt with arginine, lysine, and
ornithine.

The compounds of the present invention or salts thereof, or
hydrates thereof can be administered orally or parenterally by a
conventional method without limitation as to their form. They can
be formulated into dosage forms such as tablets, powders, fine
granules, capsules, syrups, troches, inhalants, suppositories,
injections, ointments, eye ointments, eye drops, nasal drops, ear
drops, cataplasms, and lotions. The dose of the pharmaceutical

compositions of this invention can be selected appropriately



19 dependi ng on the degree of the synptons, the

patient's age, sex and weight, the dosage form the
woypr/cagsesal t, the specific type of disease, aau/JB2005014920

Conmpounds of the present invention are adm nistered to

a pati ent in a therapeutically effective dose.

Herein, “therapeutically ef#8ctive dose" refers to

t he amount of pharnaceutical agent that yields the

depéé%aﬂge@nphﬁenasek@sl&@Itﬂ@%%{ tand Ft?leeiafa%@%h‘ﬁ@s' Hge, sex and
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one V@aﬁél eécacr:booﬁ’g%ungjr% %1 3%41 rr?gf{e aerﬁeabv}ﬂp’;r asi tmeq to 500 mg,
morﬂﬂﬂefg@rméom olluttmg [:Q] 1A0GngN- ﬁheacyaldmna)nssft@ttaesie from once to
%}gﬁ,\}g@tg& dré 860 ec%fgspgg{lgé%t{}f{ﬁefg %‘%‘He@ LebBfa1 days.

erase activit
The phrsesifce @ijo@;emaqoawdnotrma&ﬁg& [ @poALrGRI tathOﬁe}dg/kg, and is

preip roabel% eq%tﬁeété an, Is(yos f}g)ﬂ%\m' ch the nmalaria

ene prod expressed in cells,
pr éﬁver%dﬂwtﬂfcungath@epnc§seaﬁd ivemtien QR latrehofeda method of

scrddPiRd By O e L8141 %%fg%‘:@sﬂﬁﬁ 4Rt ﬁ&i&glﬁgéerasme GWT1 gene

resent 1nvention is not I'imted to these hods
produst cofphs 8s SaRg SRANRolIebhogci BERRAGSF oPUt is not limited to:

[1] a0ty Ived B d séje[_lj"%i@i Nk £ dred 'cﬁarﬁ%lﬂﬁﬂé &M lcompete with
alagene pr oduct h nethods [1] to [3] 1isted above are

888 PEP PEIbhe N rdev AR thema o bt d@eag Sadsdg T bgene product ;

[2] $Ciaem-frar a@:%@%@l@ietxﬁ%fe 6QBBet 8yWtER 8ol 38pL8H for compounds
conpoundto d wwth the malaria parasite GM1 gene

Chaty GURCT: TTHET vibL T Pb GRC BECER o FREA 98 L HES pYbesnpt Che malaria
pard SMENGHAN gele G Esd@sed anldell oA melaylc@ub)re@ pebhedn detection
for,re%arhngthe | ari a parasit ?NI
system in whic he malaria parasite GWT gene product is expressed
in cells, preferably fungal cells, and then the GPI-anchored proteins
on the cell surface are detected. The present invention isnot limited
to these methods, and comprises any method of screening for
antimalarial drugs using the malaria parasite GWT1 gene product. The

methods [1] to [3] listed above are described below in detail.

[1] Abinding assay to screen for compounds that compete with a labeled
compound to bind with the malaria parasite GWT1 gene product

The two methods according to the present invention are disclosed
below, namely (1) a method for preparing the malaria parasite GWT1

gene product (hereinafter referred to as the malaria parasite GWT1



gene product (hereinafter referred to as the malaria

parasite GAT1 WD 2004/ 048567 PCT/ JP2003/ 014920 20
wonraaid@usts7and (2) a nmethod for a bindi ng exper PaEAP2003/014920
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sequetnad to MrleateCahl aBtolicidd: A393r4318ard 990 G®Pr1 gene, which
is ernevultsselo?eln( etkge ex%zer]i(%nesr}gsalcine)scrlbed below.

An expression plasmid for the malaria parasite GWT1 is prepared
by inserting the malaria parasite GWT1 gene into an S. cerevisiae
expression vector, for example, an expression vector prepared by
inserting a suitable promoter and terminator, such as the
PKT10-derived GAPDH promotor and GAPDH terminator, into the
expression vector YEp352’s multi-cloning site (Tanaka et al., Mol.
Cell Biol., 10:4303-4313, 1990). S. cerevisiae (e.g., G2-10 strain)
is cultured in an appropriate medium (e.g., YPD medium (Yeast
extract-Polypeptone-Dextrose medium)) while shaking at an
appropriate temperature (e.g., 30°C), and the cells are harvested

during the late logarithmic growth phase. After washing, the



is cultured in an appropriate medium (e.g., YPD nedium

(Yeast extract-Pol ypeptone-Dextrose nediun)) while
weheddioagseat an appropriate tenperature (e.g., PBOIP2003/014920

and the cells are harvested during the late :
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trangobey me@qﬁ%sseaﬁewenimd sucthaasshANEt lalf.or(NAture 353:80-83,

199]{_}”“ @%S%Jec's QJP @&iﬁér alg%‘i’}]; e%_ﬁ_? I%]gggsfgéggdesf}é%gaegs bgnd their
trare&&%mt@@dse@r@rd@ss:mtbeaisbp% rore‘tCalneoY@Jegmnszaan -1702,
d b P, et
1998 1 SRR I3, 200 SBE0 RO DY ORORN iy ams emes
tra%f%ﬁleftélpd@r@p%rdwnmmlan@uma Jorest S1.CHEERNE sis@e 117-124,
198"73)el L$\d é‘xfﬁ\f‘éggl&l?%eﬁlo@s' ngﬂra%ngQB%@—} c9eh opglsqans and their

been i ntroduced are culture propriate ne
trangfer medihqdy arp dleisqmtbedebymndﬁwl% i BG . SHERBA Microbiol.

Lett@n, appropfiate tespey ature (e.g., 300 . The fungal
© celI's are harvest ed during the md-logarithmc growth

phase, washed, and then suspended in an appropriate

a@idd & d¥ 8y hdBSrdde ¥R UE0f fungal cells)
® )of horm%enl %’ﬁel%n j‘?I?guffer (e.g., 50 nM Tris-HC1l, pH

7.8 6TANILEBRR CTohplier sh TRl (FeroHe) Rriampa appt opiGibtlegene has

beerﬁﬁ[ﬁUlﬂbdQﬁ:e@aﬂﬁécb@@d%eﬁelrganaf o+ 1Bse g val OfSD (ura-)
. i s added to the suspension, The m Xt

llqu{ 41@89% idﬁ?%ﬁdb?h%% SRENGH: P8 ARBFRPBiR TR sempRIgture (e.g.,
30°@per athieoFungyaneperatied a3V elalvested during the mid-logarithmic
growth phase, washed, and then suspended in an appropriate amount
(e.g., three times the volume of fungal cells) of homogenization
buffer (e.g., 50 mM Tris-HC1l, pH 7.5, 10 mM EDTA, Complete“4(Roche)).
An appropriate amount of glass beads (e.g., four times the volume
of fungal cells) is added to the suspension. The mixture is vortexed
and then allowed to stand on ice. This operation is repeated several
times to crush fungal cells.

One milliliter of the homogenization buffer is added to the
resulting lysate. The mixture is centrifuged, for example at 2,500
rpm for five minutes, to precipitate the glass beads and uncrushed
fungal cells. The supernatant is transferred to another tube. The

tube is centrifuged, for example at 13,500 rpm for ten minutes, to



times to crush fungal cells. One mlliliter of the
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woOype@Etoass6The m xture is centrifuged, for exanpPeTar2003/014920
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Insect cells expressing the malaria parasite GWT1 gene (e.qg.,
Sf9 cells) can be prepared using, for example, a baculovirus
expression kit such as the BAC-TO-BAC® Baculovirus Expression system
(Invitrogen). Membrane fractions can then be prepared according to
the method of Okamoto et al. (J. Biol. Chem., 276:742-751, 2001).

The malaria parasite GWT1 protein can be prepared from E. coli
by, for example, ligating the malaria parasite GWT1l gene into an E.
coli expression vector such as the pGEX vector (Pfizer Inc.), and

introducing the construct into E. coli such as BL21.

(2) Binding assay methods
(a) Synthesis of labeled compound

The labeled compound is prepared from a compound that has been



the nmethod of Ckanoto et al. (J. Biol. Chem,

276:742-751, 2001). The nmalaria parasite GM1 protein
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The specific binding of the labeled compound to the GWT1 protein

can be confirmed by assessing whether binding of the labeled compound
is inhibited by adding a large excess of unlabeled compound (ten times
or more), and whether the compound binds negligibly to membrane
fractions prepared from fungal cells which do not express the GWT1

protein.

(c) Binding inhibition of a labeled compound by a test. sample

A test sample and the labeled compound are added to the prepared
membrane fraction, and the mixture is allowed to stand on ice for
an appropriate period of time, for example, one to two hours, while
the binding reaction to the membrane fraction takes place. Test

compounds used in the present invention’s screening method include:



or nore), and whether the conpound binds negligibly to

menbrane fractions prepared fromfungal cells which
wdaongusexpress the GM1 protein. (c) Bi ndi ngPCT/JP2003/014920

inhibition of a | abel ed conpound by a test. sanple A

test sanple and the | abel ed conpound are added to the

prepared menbrane fraction, 28nd the mixture is

all owed to stand on ice for an appropriate period of

a sitf®Be fﬂtﬂmsoc&gﬁglﬁ%hb@g%gﬁ?ﬁ’ Wiy | Srgﬁggc compound, an

. binding reaction tot | raction t s plac
inoqganic ceroriad, usdiretteithe Pt s @fPtidgentisowed l as a compound

1ibSEFEENING | : 673 , '
i PG’?JPZOO%,{%%gm%EHQQCtV% 20840Q48567iprary, a cell extract

4 a sinple naturally-occurring

a cebhpodhburansePganrEaRbrpduREcdaft frERgARrEcRBApOVAdLacteria,

an 8xProtei Bf 8rmarPRet bdgandsmWeh! pB8nd €92APAHAY and the like.
l'ibrary, an expression product o? a genetic |

I brary, a
cel TPRRYFAMES 18 eNtrkindste fogpRr#apARtAt 4SpPYdulem for three

minfit @81 61 pratapivetbaeher mambrafeeXhatt odf, arpBrphBcipitate is
organlsg],a g,ant extract, and the like. The m xture i
resuspeRiiedi flgRdRH e Sxdisie 20 11QOUIRARF BN t hP egentrifuged.

Thigiirepeb@cpl e6ppbpaietthe mamuaneof regblremnyi@bound labeled

recipitate is .,resuspended in bindin uffer and the

comBeins i THF PE e TGy ed. SUTRPRSPE {Rpel dinding bUEfer. The
suseppRs e iiad etynétfareed itra g emmiertany avilkoutdall akeledcintillator
. C und. The pregipitate is suspended in the bindin _
1o BAAREY MprE o, o Jail 6R0Fet & SHEPEr Peameeb e Y 2 1iquid
scistihlatiahi countak, and scintillator is added

t heret 0., The.r.adj.Qacti Vi [ sured using.a,liquid

SciRETT | Pk Aounter oY WA CHE T fig 8P Pl toapefprembrans
fracohpoumsditbibheedenbthaerdsactd ofi d seshlddhigler thettest sample
: C t t . le, .. Ls_|udged .
ts PaSaEdc ot BB OO Brn ol B E R el spparb ePEe parasite
GWTphapasteen. GM1 protein. .[2] The GlcN-P

acyl transferase assay system for screeni ng conpounds

that inhibit the GLcN-Pl acyltransferase activity of
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340:25-32. A specific example of the method is described below. The

following experimental conditions are preferably optimized for each

malaria parasite GWT1 protein to be used.

The malaria parasite GWT1 protein is prepared according to the
procedure described in Section 1. A membrane fraction comprising the
malaria parasite GWT1 protein is added to a buffer which comprises
an appropriate metal ion (Mgz+, Mn?*) , ATP, Coenzyme A, and preferably
an inhibitor that prevents the consumption of UDP-GlcNAc in other
reactions, for example, nikkomycin Z as an inhibitor of chitin
synthesis, or tunicamycin as an inhibitor of asparagine-linked
glycosylation. A test sample is then added to the mixture and the

resulting mixture is incubated at an appropriate temperature for an
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[3] GAT'l gpTela@ichored protein detection system which comprises
expressing the malaria parasite GWT1 protein in cells and detecting
the GPI-anchored protein on the cell surface

The ability of a test sample to inhibit the activity of the
malaria parasite GWT1 protein can be determined using a GPI-anchored
protein detection system that comprises expressing the GWT1 protein
incells, preferably fungal cells, and then detecting the GPI-anchored
protein on the cell surface. The fungi of the present invention are
those belonging to Zygomycota, Ascomycota, Basidiomycota, and
Deuteromycete, and preferably pathogenic fungi, Mucor, Saccharomyces,
Candida, Cryptococcus, Trichosporon, Malassezia, Aspergillus,
Trichophyton, Microsporum, Sporothrix, Blastmyces, Coccidioides,

Paracoccidioides, Penicillinium, and Fusarium, more preferably C.
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whlgflo£§'cfést L%}% a5 ctaliq Hﬂg oadmﬁf%%) léhlcsarink?f%ntlon The

eermne ow n
meth@@@rﬁéi bﬁzyﬁt; eyl pyeﬁsrﬂglanaaﬂombodytuhatofeabese methods

(1)‘(”&3% Shecar§HE(:@9ﬁlﬂLem9@ﬁ%rebnt$§t s‘éﬂ% }gﬁﬁiw@é'&e transport

sing the protein's ere
of bh@nﬁ?lc@nﬁhergd payteynopseevihg @@h@awabéblgr theeexpression

of @hé'@?t Qh%ﬁ§§§895r8£e§heéﬁr9ﬂe”E858§§09811TQ8rE§EQ°d3

have been di scl osed

Wm éiﬁn%l%%f@nrbé&%g@%ﬁm%wﬁf i3 Bnidlesvifl ths sdescribed.

(1) i AVRBEHhOA- udhgg gewl@%té;)eﬁ@ 4), and preferably a
conbl nation of "t hese nethods 1) to

,  can
det ertf REORREEhERE R HERISRAT &F |Inﬁin€§19)§efﬂh@r@taia§§oﬁfq the cell

walchéﬂi‘%Qﬂuaﬂ{lﬁhﬁ&ﬂ LI taRl@ 1t R&peelinetdl kuclr akhene where
expressi on e GPl-anchored protein on the fungal

th
a G%ET?“%E?F%@ePrPE?éPnthé?be%ﬁ% W%F%oﬂsr%@l%i§t%ﬁe(ﬂ?OtOPer the
funybllcdel desar Fkadtiohl) s Aowrel frogh Usindd i AanhePRkteipitated using

an ear}l%cyilgsody against the GPI-anchored protein. Alternatively,
guantification can be more readily performed as follows: the
C-terminal sequence, which is considered to function as a transport
signal and is commonly observed among GPI-anchored proteins, can be
expressed as a fusion protein with an easily measurable enzyme
(reporter enzyme), the fungal cell wall fraction can be obtained,;
and a reporter system that measures the enzyme activity of each
fraction can be used (Van Berkel MAA et al., FEBS Letters, 349: 135-138,
1994). Hereinafter, a method which uses a reporter enzyme will be
described, but in the present invention such methods are not to be
construed as being limited thereto.

First, the reporter gene is constructed and introduced into



The process that transports GPl-anchored proteins to

the cell wall can be quantified using a tracer
wexparuswnt such as one where a GPl-anchored pCOURION3/014920

is |abeled with a radioactive isotope, the funga

cell wall fraction is obtained, and i mmunopreci pitated

using an antibody agai nst tRe€ GPl-anchored protein.

Al ternatively, quantification can be nore readily

fun@€r f orped cﬁrof!éxo‘lﬁéné hes %Jr%ﬂ?d@éec?eﬂyeﬁgﬁkli\“@in? promoter

I's consi der to function as a transport - signa :
seqygnepniiHl Y usssdonsd 1anbwgg P i dhdiBred hpitoreprsctésply encode

a sPEna®XpLgaeRdeas za PSR PItAIfR Widdy an @@ﬁiéﬂchor?d protein
neasur abl'e enzynme (reporter enzyme), the fungal ce

C-towning} agpABANEAniBe SBEParPn@@y thardd e erpdity shsamps match.

ExahPds BASHHE f%w%déf@ﬂé Hn18aCRnd EROL.ONExamples of
can be used (Van Berkel et al., FEBS Letters, 349:
the 1390138, sa@or)Ce HéREILHEPt & factait hodnvArEAsasesirgl lysozyme.

HSPOL t §F Wi leh desql I Thes prasent ]
Exaiﬁveﬁt§0n§§§§g€ﬁetﬁoég%gfe notl?ggﬁggﬂ%%%gtrgga é§§§ alkaline
1

Pho 3R 2 $ ¢ i Frtatlrsifase. Fearebbrobpsgenecibyotein (GFP),

whi€R NS4 § Usd eshn aptle | At DELERdoh Bt @aMDH 20844 043584t ected, can also
er ene 1I's

PCT/ . JP2 014920 7 fungj. The repor )
be ESﬁQtrugggga@f%qrﬁﬁfﬁﬁ“é Tonbt BPTMSBGueFELUFREES include the
a-adynetiens d-rdiidia Wstliuehde ,t At despectdatelihaneedfence, and
a Slgﬁ§| equence, a reporter. enzyne, and_a Lot
SO 8Br- ancHor & B Strei h ért§Hﬁqﬁﬂg%%%ug%cénﬁﬁr§uéﬁlaapproPrla e
selaayidhatatier r eadingsf LAURSam@AtURR3, Exsomphee obctbe comprising

pr onpt er %gguenceﬁgre GAL10 and ENO1. Exanples of the

thes?%%% 5% nceP T hef ude 4= factor, invertase, and

| ysdhareonsExanpkdsreporepordare drzynesraed into fungi using an

- LysQzyne | kalsi,ne . phaosphat ase ng .
epi P FLE TRl MG e B0 a2t BRI Tpeli] (otetz D et
al. wiwhl hdsids Bagyn®0 actddh,t o184l .cahhbefwasi lage then cultured,

as %&Egég q.ﬁﬁ S‘ao meQ:%oqu% -atGPh'i%%C‘E%eQ EESE%OH marker (e.g.
-termmal sequences 1 ncl ude t e a-aggluslnln
usig tlerun nabivagiiende;U e cCliP2 Grediwn adr S&fPdncendahden fungi

intS%RNen FULL NS AL £ hled SiRELEQLADL e £8L'§;§££e&n

appropriate selection marker, suc As and URA3,
i nt Feheffectort cofmsitssagrlehen ciorst tuemsdordpeoift @PI-anchored

proPeli8s E@etﬁgnééiycwgﬁlrf@Oé&&&igggeb'St'@sgé%ﬁgwiﬂgomethod;

fungi using an appropriate net uch a
| i t filgn dedoattemeoRsg -(aterdupegt fangi Nagk. @eldgred under

appFESriZfe 448@it1883) roFhexbmpak ake sohen il 4 &tburs, in the
presence of a test sample. After culturing, the culture supernatant
is centrifuged, and the reporter enzyme activity of the culture
supernatant fraction is measured. The resulting cell fraction is
washed, the cell wall components are separated using an appropriate
method, such as degrading the cell wall glucan with glucanase, and
then the reporter enzyme activity of the cell wall fraction and
cytoplasmic fraction is measured. The assay can be simply carried
out by using centrifugation to determine the amount of reporter enzyme
in the cell fraction, then without washing the cells, using
proportional calculations to determine the amount of reporter enzyme
derived from the culture supernatant fraction that remains in the

cell fraction, and subtracting this from the amount of reporter enzyme



as necessary, using a nmethod that suits the selection

mar ker (e.g. using Leu- nediumfor LEU2 and Ur a-
woradi4msyoor URA3), and then fungi into which po®/JBEA3/014920

has been introduced are selected. The effect of a test

sanple on the transport of GPl-anchored proteins to

the cell wall is examnm ned by28he follow ng met hod:

The reporter gene-introduced fungi are cultured under

ropri aﬂ%h&@ﬂﬂ{t' ons, for exanple at 30C for 48

ours, int resence of a test sanple. After
cul tIefrth:ﬁg tetsrb;esmpleaﬁ@hsbpélsn@n%ﬁptlvgtcrecm inrggeging reporter

nz A 108 ¢ 8RO B fDZWE Actd wid ysx%reﬂ;rh@c&% tLtion (activity

super natant” fraction I s neasured he resulting cell
per £eadtir P itdie aaShBELYIde deerraRdng Ehaprinaittepprzyme activity

in @?@%@EP%&@I N Pt DRPT Qe B By BE N0k 1 BUCE RS test sample is
dqeﬁgralngt he cel I wal] glucan with gl ucanase,
ju

and
nt@héafv@pdﬂ%ue@ﬁa%et t FERR5POF Tt REOCERS 4 |GPI-anchored

proﬁ‘é_ﬁ{g o &g <yt gplasm c fraction is rreasur ed. The
assay can be sinply carried _out by usi

c@ntrﬁ‘??lﬁ‘@%t i 8Bt e’%‘rfﬁjr@cﬂﬁhetglﬁﬁun{fe%‘f:t?eﬂﬁrtt}brthe surface

gly&fﬁﬂd&m not heuegdl ddBctyoms then without washing the
cells, using proportional calculations to determ ne

theAarﬁﬁﬁﬁ %ﬁmﬁje%orst @rbﬂelr%zt)bheto derfiBaneeofPEhexpression of a
GPI?\Adwﬁe@wdﬁ@trgrat &m@cﬁu@ﬁauh?urﬁa@al nsyen taﬁfb@eﬁétemlned
r tion an subtractil t S mt
by GPERE ELrEE AP M S0CH s PSP RS 56 DhAGEg & Gl -anchored
protodid hien cehd furdgdl omell fwdle. test sanple exhl bits the
act LVvIt, i ncreasi.n lr or.ter enzyne C Vlty \ .
o Bl R PR REY SRL e ifd Y phepgntigenic
detemhinant OIUSUJﬂlej ablhe viamerm‘ detdeasiqgridee peporfer example, a
enz t|v he ce

i fract act.i
CPIy I?:%JFEF<§ inpsic aﬁ&%-?ggﬁl{ﬁ@%g,t ;ﬂ?aé WY (Chen ME
et ahf,l uEnc@xjolheCmamn,spZ)T@ Zp@b@%s%bﬁ,GPlQ%mhmredDer Vaat JM et

al. e'1£‘ n% rjg be_ cel l77""% %)10 ;§%t5h°dﬂ LP91aN o Mol.
bo VT F eact Re SarTAcs Y Copidteth &
Micrf%bﬂg@l celb: Wt 54, Alfi%%)t searmbl’@‘lers spithesizng the eptide of

that @é#ﬁundal Sur?@"&‘ésﬁ'bo&h Oinﬁbgeeq;iet gé%g%egrs%tc%' 853 carrier

| ayer can
i‘eﬁpam,t igna dttieon gwivng zamoast irbdiytt Rt spehcts v\bmll@ heglyclonal

antéé%?{g%Pg%@%%ﬁﬁgﬂk§gﬁigﬁﬁ%gQ£igﬁgg%lC?!ﬁoW@Ehonal antibody. A
rablyhl igpeiiclonal antibody agains the Alslp peptlde is preferable.

In an alternative method, a monoclonal antibody against a
GPI-anchored protein may be obtained by immunizing mice and such with
fungi, preferably fungi which overexpress a GPI-anchored protein such
as o-agglutinin, Cwp2p, and Alslp, (in some cases by immunizing
further with a partially purified GPI-anchored protein), and then
using ELISA, Western blot analysis, and so on to select resultant
clones based on the antibody that they produce.

The following method can be used to determine the influence
of a test sample on the process that transports a GPI-anchored protein
to the cell wall, and on the amount of protein derived from that
GPI-anchored protein in the cell wall.

Fungil are cultured in the presence of a test sample under

appropriate conditions such as 30°C for 48 hours. The cultured fungi



determ nant using the am no acid sequence of, for

exanple, a GPl-anchored protein such as a-aggl utinin,
woepRp4ser Al sip (Chen WH et al., J. Biol. Chear/Jpr2003/014920

270: 26168- 26177, 1995; Van Der Vaat JMet al., J.

Bacteriol., 177:3104-3110, 1995; Hoyer LL et al., Ml.

M crobiol., 15:39-54, 1995), Z8nd then synthesizing the

pepti de of that region, binding it to an antigenic

areSQQﬁPQQ9§M§UB eﬁtfffﬁ%gﬁloﬂr nth@ndcéfEQ are disrupted,

I mmuni zi ng a It or s to obtain | ona
prefarabbdi ¢singr @ﬂm@%sbe@dssucﬂhQ)@@@h@ﬁradﬁﬁﬁ@@ﬁéﬁaK£1ls are

pre%?EéB? ysuﬁgeEEQQ'£opQEMEkQEQ?a§n5k999¥t§gﬁ'W%Ehtbgs, and then

ept e1ls pre erab n an alternative nethod
the@nﬁﬂmut@ﬁeﬂ lamatnl)- additescatraprlancidied! prepesa cells are

tre?ﬁ%édb\ﬁlﬂl?t%ﬁ ned, Ave 'W'd@dﬂd@sc%l%%nsuﬁﬁe%ﬁcﬁbly glucanase,

ngl preferably fungi whi'ch overexpress
andge Jefdlﬁcbﬁ@pﬁrw@ﬁnta‘éharﬁ@a | Ju% it GPéAﬁzlf}hOéﬁ&i protein
samphéip, (in some cases by imunizing further with a
partially purified GPlI-anchored protein and th @
usi MRERNSA-AMSPPAPBILBE aiaiR3RIA% 1 Sariep s o tiopa 96-well plate

by §€é§ﬁigﬁ€sﬂ$éﬁﬁﬁtl§ﬁQﬂ?%°¢ﬂ$egh@npl5€eaﬂéIﬁ&&h@dfWﬂth a washing

ey produce. The foll ow ng nethod be_used t
SoTHBE b EXIREN UBFEe CopPLa St8g %g‘ﬁ%w eTBfSPhgl (FBST), and

bloBk966SHs tda&&i@@@&m&é&g Q'ﬂea@%@]hﬂtﬁdtmmekﬂ tHeonbhespecific

cell wall, and t rote ed fr
adsPRgt i CapP L BAEHR GBI | RLERE cBFPLSARPLY PR gio d such as
BSACHFt g Bt im, tﬂ&ﬁr@r;ﬁfﬁmkﬂfy @noeﬂm(mrrpﬂaanmm@m Pharmaceutical

appr.o rlat con itions such as C for .48 hours., The
co. ghRHR eu t 5003 CHney PErapodss o trousthbes solution,
preaéeabeIEBBEd bydC&ﬁﬂdpﬁnqpﬂﬂaﬂekyuﬁﬂﬂuieméHEiﬁmmehored protein

sru pref er abl u5|n ass d e she .
Samaﬁgrju % éjgieéie'l I Eﬁgr% &r %b?%}egu J'Ql"?‘the%l o;m: £of anl gpprOprlate
tlmeeBUChfagahwexmm@mﬁl@m\mobm.$Dﬁpam@¢xuhen Aftter washing with a

: t.a t ' \
vasBUFEL RN YOS gLy o o EREH Oy 8 SHYPLinet o
enzgheednpepedf e abkybgravanaseefeamdlivheHBBnt ab¢ligédanti-Candida
antﬁgeg&gaa$nEe%%%%%Q%o ahh%FEEEpQE%Q%rgqm%rgh%%n two hogrs at

anti-Al's nti body 1's coated onto
roog g@rr\y@matmr@t e lel;e m@q nefduirhthay, ae aczymﬁelabellng or

shij [ itz f
oGBS VRSO RS S LR Bl ALY, soucion

preéarraubéd' &EtSTusutﬁ@ @m@agferﬁftzhhmbl bekEhehePI- anchored protein
samP@@ $ReELfikf1ated by a method appropriate to the type of label,

i.e. for an enzyme label, by adding a substrate solution and then,
upon stopping the reaction, measuring absorbance at 490 nm.
(3) A method wusing the ability to adhere to animal cells

The test sample s influence on the expression of a
GPI-anchored protein on the fungal surface can be determined by
measuring the activity of that GPI-anchored protein in the fungal
cell wall, and preferably by measuring the ability of fungi to adhere
to animal cells and the like. 1In addition to the activity of Alslp,
Hwplp and such in adhesion to animal cells, GPI-anchored protein
activity includes that of ad-agglutinin in mating, of Flolp in yeast
aggregation, and so on. Hereinafter, a method using the ability of

fungi to adhere to animal cells will be described in detail, but the



adsorption sites of the 96-well plate, preferably a

protein such as BSA or gelatin, nore preferably
wahowkoAgss7 ( Dai ni ppon Pharnaceutical Co., Ltd.) PCTHR2003/014920

plate is again washed with a washi ng sol ution,

preferably PBST, and an appropriately diluted

GPl -anchored protein sanple30s added. The reaction is

then carried out for an appropriate tine such as two

pre@@ﬁ’%slr?\;er{t[oj%ﬁ LEME ALY @ é%thﬁW@%lhiagngflﬁ f%mited thereto.

ution, preferably w , an_a dy
agaulhétmghé we*ﬁlzwea pabdlisy © adiinrans cpiépekapised, and this

funngE {aheled anti; Gand ga; - AU I bedy, nhinkeaghedel 05, 88115 that

roprlate t1me such as two hours at  room

adh@@%p%@a¥®$efun%@84a@%¢iﬁ§ah%Yh%@t%%91%@le%@yh%ellal cells, are

used ab@ﬂé“ﬂa&ﬁaliég'd@ﬂté ¥§e'c§ﬂtt‘?ﬁ%d §H§|ﬂ1@&d \%iﬁ an appropriate
washing wth a washing solution, preferabl %

netBABUIRIGH aﬁu §Fbanﬁlt%@<morancﬁ&%eeaeﬁrto%ﬁﬂﬁesa&r&ﬂt@q gungi are

lnc@@é@@aafsg QM appebpedaappiopel atent ad B thderHdfat 30°C, then
for an enzyne | ahel by addi n

i nogabSt $AEE LR L EROARE EhERt L BiFan  SF GHATHRL e nene hour at 30°C.

The I €aCt L 68, s@%@ﬁﬂét@ﬂtab§0fbéﬂ0§e@évé&9 sy €8 6enE§h@ﬁe washed
wie S5 BERE S0 itk bl R ey BBelTEofeh s BBciE8k pextrose

Agaﬁ%he@nﬁzhoksécpmt Ewk@ﬂsbhecbmpgﬂy sutbage CAfLdE culturing at
tern1n activit

30° B HDPEr O HESH oGP LS e, 2By the adnesion

rat@rfée&@bbul@yeaeasurlng t he ablllty of fungi to adhere

to ceIIs an d|t|o h

not i s AT e fu s05h SPRekaRebfsh he compound, a
tesardamgllecékl Gbs@edmdlhaed ’tm@taeltrlvmgt o¥idecrermd rdpshe number
of égfénfé az qg%sgg$nln In tlrl , tp%% %nsé%%ﬁg is judged to

aggregat i on 0 On. reina ter a msthd sing
havéhenabuéntgdothefpngcess auaéréransaorhalGEE%thhbted proteins

d in detail, but the WD 2004/ 048567
to Eﬁ%/§§5%0§$8i4920 30 present invention is not to be
) omsttrhest fax bbisrgviing fedgt hes Bhe.an & fagigis widroslgepe or an
optfgéilﬁ¥C£8%?g5§;e to cells is used, and this fungus

IS pretfera al bi cans. For nannallan cells, cells
t hatTheadh@fbu@QC@ heff thgbest prseferlgblan i hhestexpglession of the

preg Hskéel ﬁgsi;egn ane. tw@eﬁm Qf eBpRRLLaRcelds @é@ermmed by
tured I xed using ggrlate met hod, such

obsggvenﬁahbe stxactvBae ¢ﬁeth@sfu§a | gehhdwehé PERBY areelectron
mlckgggg?éed for an appropriate tine such as 48 hours at

hen inoculated and cultured for a set tine, for
exa@ﬁ}@heogéeﬁgggeayfgotgst sample, a fungus such as C. albicans

is cultured for a certain period of time, for example, 48 hours at
30°C, and its ultrafine morphological structure is observed using
a transmission electron microscope. Herein, observation using a
transmission electron microscope can be carried out, for example by
the method according to the Electron Microscope Chart Manual (Medical
Publishing Center). The flocculent fibrous structure of the
outermost layer of a fungal cell has a high electron density and is
observable by transmission electron microscope. This structure is
not influenced by other existing antifungal agents and is considered
to be a surface glycoprotein layer, including GPI-anchored proteins

as 1ts constituents. When this structure disappears, leaving only



The culture supernatant is then renoved, and the cells
are washed wth a buffer and overlaid wth agar nedi a
weueli/asseBabour aud Dextrose Agar Medi um ( Bect 8aT/JP2003/014920

Di cki nson Conpany, Ltd.). After culturing at 30C

overni ght, the nunber of colaonies is counted, and the

adhesion rate is calculated.34f, when conpared to

fungi not treated with the conpound, a test sanple is
a sldhger tegetrorheive hbehagtdtidon abndecreasidg ddheg E'is judged

of coI% i.es fgr d by cell gdhe3|on, that test sa e .
to have &ngb‘ePSe hgﬁ% BafqiehEeatt Wer piRress Gifaenchored proteins
to thanspbltsalP) - acmbared poougtpsattq theisel | wall.

usi ng an el ectron

4 for.observin ngj .

Eri %r@s%%%gg%fw%%l%ﬁr}%% g#@%%ﬁ%ﬁém#ﬁélpﬁquk@%mlcroscope
and gan emtjsmﬂpllﬂmﬂdt@eewms)@r@fagﬁ@g stw@ﬂl.e@lngtl%@gq cells and
. b N i |. surface can be deterni ne y
BBt a0 [anel, ! e Can oo St ied bl O LT
infhpertecen ofhe nietbseape. | n the presence ofla teztf

. al bi can IS culture or ,

2 oot Ao AR Mef didintes 4ethoned Ter Lrescing
malapi@, afful¢h sanpriafdnaehoeike odi edhiatbiiettihg hScompound that
. ' . ranspi.ssi on el ectron .m croscope.,

e b L e
comgﬁw%gggégdggrt}tﬁ;cg@pp'ueds@iﬁs,crf:idcredei(al’ﬁ\m @2py4628€ for example,

el i Ok t citrom M ¢roscope Chart
the rI\;E‘lgl(;nual %%%af&%j l'1s é|Elnrg n{]le)r) fglrﬁ'e fl occul ent
fi Plsudstaptife squdnce olarrrvstndaysl offeiTungatein is

chafideiadfef Y @ %lx%%'érciq?lgq ﬁiiglll ﬂ?dcgﬁt?ﬁgsﬁéagﬁ)i@) ,byand thus
transm ssion el ectron m croscope. Thrs structure s

CodqfyUgafg Ueh PR ot Rar adigdiong abei foemgalccageritns arduence

strdteNsbepredinhos Be o ik d QBESQEMEQQ%OA ?bgilfilﬁ%égraii 23 separate

including GPl-anchored proteins as its cons uen

pOSJ\MéWSt'hiagdsFPEE?u%q‘a%%%rféat?eat,Ch%mansemvy D pseudo-poly (A)

sit9&04:/1'1&%8@)@Bdﬁ@ﬂrxgp%%t%/cg%égzBro%éiﬁssfl 8L 8Yes s \éﬁiﬁ%]ofeatures
ensity,

[
i | ect the test sanple is judge
dos R O e e ey 1o et X9 e
veryGRlifeéichoredops@pb el B§ utond hecE el t‘@%lrjepé_g_%ﬁw%%r efd EO co1i. 1t

vas Ylchothed;celley Mef obselval on Upacr BTN . Srovever)
the presestdperarsyeal sugeeatiby swekbee sk4ngathe BAH™@NYrotein with
a high efficiency by using a degenerate mutant of the DNA (SEQ ID
NO: 5), with a lower AT content than the DNA encoding the PEGWT1 protein.
The inventors also revealed that the introduction of the degenerate
mutant DNA can rescue the phenotype of GWTl-deficient yeast. This
finding suggests that the GPI synthase of a malaria parasite is
interchangeable with that of a fungus such as yeast.

The AT content of the gene encoding the malaria parasite GPI
synthase 1is, for example, 79.35% for GPI8 and 77.89% for the GPI13
of P. falciparum. These AT contents are as high as that of PfGWT1.
It is predicted that most P. falciparum genes are hardly expressed
in other species, because the average AT content over the translated
regions of the P. falciparum genome is 76.3%. The present inventors
succeeded in expressing a degenerate mutant of the DNA with a lower
AT content than that of the DNA encoding the P£GWT1 protein, in yeast.



i nhi bited budding (division), the test sanple is

judged to have an influence on the cell wall. The
wonres@asser nvent i on al so provides a nmethod for PCceariong014920

mal ari a, which conprises the step of administering a

conpound that inhibits the activity of a GM1 protein

a malaria parasite. Such a 8®&npound includes the

compounds described in WD 02/ 04626 (for exarrpl e, the

e R e L REd D Py Ml lad oy [ prprspgeri i = ost
othegh&haot maﬂ.ae@lablyaaase‘xeeéw nglinchisgiehAz d@geeﬁrate DNA mutant.
Furt(hi}g:mI oﬁ G@Eddg%ﬁ%leﬁ%dggagﬁéﬂﬁib%f%iggﬁicl t yeast are known

€ gene contal ns sequence stretches
Q?@?é?lﬂitsﬂiqﬂlsll@éf ahamreasshs daflindlnw ridyd difesragtaistic of

leth%ﬂﬂacryata%d Jﬁ, ' Oﬂ'fx%an@h%h?ﬁ%n%gvkﬁ%n%% 3@1“ LERHes yMRYase

Serve as pseu po us pro UClqg
gengdafdstien th fopeiugs CaBdeausts Bied Iy UpdaguEls degenerate mutant

DNA RS4ied ahwues . the gene was only expressed poorly in
yeast, and very difficult to anplify using PCR or to

r eﬁlh%@@@r’iOﬁYE’e &8l the| ePInagnbhase (Werecdefigbent fungus into

whiddetaeniBgehBeaREChEoh h €D QURNGE b ddWRWRE, hakNSeen introduced
present inventors succeeded in expressing the PfGM1

depe;ﬂdo% & tA% RCEHitgh oF 1118 dfchPHhA (R3TRF S Udfehetdtidase

Accdhdianylof dd’i@xﬂ‘ﬂﬁds{ SEQY QAnN@ i B)the W dthi v # PWeF tque malarla
content _than _the enco the Pf GWM1 protejn.

Par%%?%?ssyé}%sree%al%s? EF%?F}&’X REFE8ndrPdH dt9 the Pehenotype
of tdeRgeIrer aéﬁltma@rgemé:@rblr@s@@ﬁdlﬁs e e ynaj@f Thus,

1- defl o yeast. .Thi fi su sts, t hat
Ant iGN Ly h USSR TS B G VT G g can be
selevmﬁehi tma:thcﬁit aadwmg]wsj SlBl]hlgﬁStheeaﬁlafEhE PrLontenttiodmselves.
th ene encpdi ng the nmal ari site GP synt ha .
P SRR A B B BaB e BR4eBo abe Tt RENA encoding
a px(a%leh& t@faﬂDhafsah@epabMﬂV1fbesé ééscomhgntheapbeastm@mf a GPI
syn§§ %%ae—éxé%ggent %&és redh§t%9 J1 rﬁﬁﬁ]i% content lower

fum genes are expr e5&e
tharsrtératesaf h:é:@aosegtleela\DEAachAdIlngnthatpmﬁeelnhenvolved in the

bioéﬁféia%bsés%%{%f E;%gl on§u8kt1 “E‘I?IA Cag%gl@% Tngﬁﬂgngckéenlng method

€ preseént TAVENt Of S~ SUtCes i'nexp res
of theleymrmmrdt elnuarantorof the DNA with a | ower

NERAT Sl R (B o o

adergineHamce thiyna nealar e mirtisia eucRlecdyitichgeaueasepet the coding
re :L%?Proei5 A 'GrPIa g%‘%thas%t I&%‘h tha’f‘hgaA'?réanP@ﬁ@Siﬁe@h@ydegenerate

using s ner ate
mutant DNA of the present 1nventlon preferably ranges from 50% to

70%, more preferably from 53% to 65%, and still more preferably from
55% to 62%. |

The phenotype of the GPI synthase gene-deficient fungus
includes temperature sensitivity (preferably, sensitivity to high
temperatures) and lethality. '

The proteins of the present invention involved in the
biosynthesis of GPI in malaria parasites include GWT1l, GPI1l, GPIS,
GPI3/PIG-A, GPI10/PIG-B, YJRO013W/PIG-M, GPI13/PIG-O, GAAl/GAA-1,
DPM1, GPI2, GPI15, YDR437W, GPI12, MCD4, GPI1ll, GPI7, GPI1l7, GPIle,
CDC91, DPM2, DPM3, and SL15. Of the proteins indicated above, GPI1

and GPI8 have been found to be present in malaria parasites, and



Furthernore, GPl-deficient yeast and GM1-deficient

yeast are known to exhibit simlar phenotypes,
wonoed4dssey t he characteristic of |ethality an#Csueivngs/014920

Thus, the phenotype of the GPlI synthase

gene-deficient fungus can be rescued by using the

degenerate nutant DNA descri3®ed above. The phenotype

of the GPI synt hase gene-deficient fungus into which

GPIW gb?g%/ﬁgaﬁt VR d e roeq; a?ﬂ%ﬁﬁl? c?f(l?,g GAA1l/GAA-1,

epends 6n the activity e
and paPMél bevaDIbmtﬁwEested\c‘c@r QEngﬂryeseal@npounm@lam parasites

Deié‘PéﬁH the 3 t'V'JFHféétth%m%'rlar'?o PR t@ﬁjﬁ" 2002) The

synthase can be’sel ected by screening u5|ng
nucbﬁ@hb@?pﬁﬁQ@ﬁn¢¢ﬁeQﬁWGW¥@ntﬁ@ié,géﬁéﬁdeEPéB ﬁﬁGfangﬁgllo/PIG B,

YJRggﬁﬁﬁPt@ﬂﬁ GEfﬂ§/PIﬁné'n@A§£ @Andiugsnhanefti Bg bheraiciparum

|osyn hesi s can sel ected w t hout

are ghawl Ly I 4§ D@@.e 1nan@lrhhae séreasfﬁ%%em%ﬁ@@r\tésflcﬂ#éon numbers

in 9ESS§Bthgve@L2@n EEQEEQ%§V@1 egengERt 8o PHESPENENY amino acid
encod I Ng roteln t he aCtIVIty of "rescuin

Seq&l%ceweﬁnebwe &R SEQPP NQym Rasethe i skosicase fdentification

numb&PgUsn &g whids has-an ATncapteRt choWehe hhalebbalie sequence
of the orlﬁlnal DNA encodlngethe roteln i nvol ved in

of Rn¥ivprdeyht HesFRoBR HPISESSLPING: BradRant e cogg@spending amino
aCJ_clifbfecﬁfe!'rﬁf&”lBg?lE@sHtﬂQLdu sgtAng@thor @Sems%rﬁk}{%nﬁléﬁﬁod%own to those
r n e erm conte rerers
Sklﬁi‘ﬁg tﬁ? 2 LHe i He SEAUPL Ry R ﬁ@fﬁm Hél@Hthérlglzatlon or PCR,
GWThpcl extilde seguence @rgﬁmhmcmd) ng Gﬁrleg]/@rlmfs ,they@013w/PIG-M,
S CcO t he e ner,at e

crrRYPRRESE, AERE (R AT SR o bt SROPeh Bragises can be
clofie@mHGy DNA a@ﬁ@rmxtreg pmef enald fy theomubB8ot bd6 F¥quamdes shown
, il e ref fr 5% to 62% h heno e
in §50 1R"WF L fbfinae danictik; PRrhrRufbasad "SrRofohyRe 6-21.

t enner“amelrmosenscml Ve vt e ee fogaradd \gtheen sihiainv iIGWL 1t, oOGPI1, GPIS,

cor ) B0 L oTRES b PEEEnand skt B b "B ePE L BLS0D! Gl /cma-1,

resent’ i nven on into osynt hesrs of
andlDPMﬁﬂQﬁwma phessinelsuden@#E lclGrtd , byGRIBng yeast or human

ce1 FEE @en%plofﬂcg ?1%?%3%%%‘7 @353%%5’ ! &%&5 YDRA437H,

GPIEPIﬂICDGPIGPIEPI1GPIEPIGB;17CD€Ell6DPW2d OPB8l afdyeast (S.
cerﬁblgl ? %Qﬁﬁ'gﬁ fﬂg'gé%ﬁds§§a¥SCeGf&ént?f?cg?ign numbers
av een oun

resen arl a par asi
in %IWQ@OMM‘BB@BW/ endgeach correspondlng amino acid

sequence is shown in the odd sequence identification numbers in SEQ
ID NOs: 22-41. 1In addition, the nucleotide sequences of human DPM2,
DPM3, and SL15 are shown in the even sequence identification numbers
in SEQ ID NOs: 42-47 respectively; and each corresponding amino acid
sequence is shown in the odd sequence identification numbers in SEQ
ID NOs: 42-47.

The production of a degenerate mutant DNA encoding a protein
involved in the biosynthesis of the GPI of malaria parasites, and
with a lower AT content than that of the original DNA, consists of
two steps: design, and synthesis. In the design step, the amino acid
sequence of a protein of interest is first reverse-translated and
then possible codons for each amino acid residue are listed. Reverse

translation can be achieved by using commercially available gene



33 GPI3/PIGA GPI10/PIGB, YJROIBWPIGM

GPl 13/ PI G0, GAAl/GAA-1, and DPML have been suggested
woaolag4gieesent in mal aria parasites (Del or enzPCetiPao3/014920

Infect. Immun. 70: 4510-4522, 2002). The nucl eotide

sequences of GM1, GPI1, GPI8, GCPI3/PIGA,

GPI10/PIG B, YJROIBWPIGM &Pl 13/ PI G0, GAALl/ GAA- 1,

and DPML of P. falciparum are shown in SEQ ID NO 1

nd. t he ' f nb
B
Enganédrisgqdencelid) shdvm thne SEQIG1Ds I\Dsizecéndtlnw gaeeting the

purﬁgg 3%?:: QQQ{(\JHTLEC&E nHHJBSESA'Tncéﬁgshg y@lo@e%&rlld codons

I on e ﬁuc ot dé sequence vi vax
fregseshbdwnusadSEQ tDeNTps8, tandet HeedoEPEs ponai AGPARPAGON) are

sel%@cgdsﬁgyeﬁggh' ﬁmEHP\A’Qah E‘ﬁxé Qjé\l_.% éra’&@'rﬂlgté’nﬂelﬁﬁ@dcan be
ose |n e art or exanp e, a
despgnhddbysFAgTARbEiLEDz shroAMdROFERId epmEencel of Ehpgprotein of

1nt§g% Gl&giﬁ‘g gﬁle;@/ Blee_}egteéﬁl BRL3WERIGM  GPI 13/ PI GO,

of other malaria parasites can be

cl oBBe PNA i A assiasioRg keySHRENEFIZRE Py @sGhed known to

tho§§qé'§ﬂ§f§dsﬂ9v’lﬁ'he 'aﬂ:tSEQI‘h chedBle3nubgt €A of the present
even- nunber ed SE : . Furthernore,

invephi RBSEHBASY TS :thq‘,ﬂa]ﬁam:pn app ge sggpgd m%all_eotlde sequence
by, @é%l Bkgm?le@llégh | & BomhéRG13WIR @lel@BUbi%/DRlAGsQntheSJ_zer

ML of mal aria parasites can
cl oﬁ@@ ByeEsPhg i pasaLiEP ﬁ@zﬁﬁnpr@g’lldseﬁni"ﬁc%@rﬁeﬁ@sWthh the

abo%@ede@@k@@badaes_,;@ﬁ@@a%esm@&aaEI %NAGBIab5be\éBR431E‘é6:ted, and

trayéégefmeéts é@r‘fs\ﬁ%@&g/ P& §N8%ha8ﬁ ﬁﬁélee@&#lgér&a%néémgl that
retb@@%h%im b@ntnﬁlﬁt&ﬁior i &E@}l%ié‘&.b]@ﬁtthted The vector and
spectively; .and each cq ing amino a

thesgaﬁ nE&m g slrrg\ﬁﬁ eﬁﬁglgf(%i ?%(?[Y@nge i dent i ?: cation
nunilqgrﬁ_sea l'f&QslIhD‘d‘];@Sfex&e@bldm“dédllbllent thethe GPI synthase
nycl eot i equengces d.

Gengy RERORIAF LHE EORR LRl bRt TPy (oDl ey gxpressed,

or rthaSE@hleng@esé&o&? leegiedts \d@lqreaaamﬂ eafhe GPI synthase
corresponding ani no aci e .

Ten R enEd S ot Pt Ru e ey (ke e 35 398pared by

disThetpnoduict iGRT géna. degle@@hmmcmﬁcamm ecbodiveg ly inserting

DNA%{QL;“ atedni\.[gl %’ﬁg éé}lé hefokJ:l %%%%Ii%s'as eEPfoﬁrﬁaJﬁEer, based on

a par asi content t
homoA atg oofs ub@thqmatﬂomuﬂeChnmigqnﬁ;mmi the dikps: More

spe%ﬁ%'&g:%ll d Sy %e‘?‘du%a gfu%e%agﬁ oo %ﬂ*epta.]}%da@y"Qntrodu01ng

dence of a pr ot ein Interest "I s fIrS
intcevepst-a ramisicitiom apgker cassette which comprises the his5 gene

or the kanamycin resistance gene of S. pombe (Longtine et al., Yeast,
14: 953-961, 1998) amplified with primers, each of which comprises
a nucleotide sequence homologous to a porfion of the gene (ranging
from 50 to 70 nucleotides).

The GPI synthase gene—deficient fungus of the present invention
includes, for example, the GWT1 temperature-sensitive mutant strain
gwt1-20, GPI7 disruptant strain, GPI8 mutant strain gpi8-1, and GPI10
temperature-sensitive mutant strain perl3-1.

A GPI synthase gene-deficient fungus which has been transformed
with the degenerate mutant DNA of the present invention can be prepared

by introducing into a fungus a vector into which the degenerate mutant



t hen possi bl e codons for each amino acid residue are

listed. Reverse translation can be achieved by using
woanmgical | y avail abl e gene WO 2004/ 048567 PCT/JP2003/014920

PCT/ JP2003/ 014920 34 analysis software (for exanple,

DNASI S-Pro; Hitachi Software Engineering Co., Ltd).

O the codons listed, those @P®eting the purpose (for

exanpl e, codons whose AT content is |ower and codons

DNAf].rxggl'i%]&ll ryg'&gtécﬁ] tg)%}ﬁ f’or %%1US%9{: fselrchgggﬁ_rﬁg used as the

exp reSS|on sel ch am no aci
vecuegetfrer eﬂ eqmtea’msmm gna el, dgdighedbpucbacrariyt nged as the

H sequence of the protein of interest
vec{g?ng hes bef)ected codons. The DNA t hus desi gned can

be Byatiesseond inyentimrhed sknphAvidest gertad [dfegcoirgening for
antiﬁglgfial%ﬁgﬁféﬁk%m%t G ARk %@&Pﬁh&%ﬂl’%&ene deficient

I nvention ca e synt hesized based on the designed
fungiciescrgecdegberiee by, for exanple, using a

ConﬁﬁrgﬁéhlaI@y@HA&ﬂﬂﬂhélﬁﬁf%%n%Q%iié%hprig%spega%abtlng a test
i nvention al so prOV|des vectors in which t

Samﬁ%@v@lﬁésérﬁBédsﬁééhﬁéﬁagénﬁuﬂﬁﬁ%cEﬁMFhggnﬁéénthat has been

trahQ%SEh@Q»wf%%idé&éﬂéﬁéﬂé"MH%%n&pD@hﬁ%@@hyaCi%wéﬁ@hh@%@tent than
gene-deficient fungi) that retain the DNA or

thev@H%oﬁnpﬁdaHGeippéegﬁﬁnelgyaﬁgedTﬁa 9@eteﬂoaﬁath?ﬁés of GPI of

malBesh ﬁaﬁabﬁtébosemd£SQﬂnhﬁﬁﬁaquﬁ1kﬁsa@@g@vh@rgwnadah@g a test
expression "deficient in the GPlI gntha ene"” an

samphgt Lo Hgg NI o F BEUEPOBS “TRBL§eRET| SuTighs . WREn the test
sam@l@regsadproaélhhaé ﬁBetepreﬁ§kQ51h§VBNAlsndedﬁﬁgsede protein
TEe GP% Sénth 8 5 |C|ent g a %f t he present
canj RgenbFSRILAHObE PopareaoBy = BPBF AR g PRE R gene.
TheIﬂia{eJmteitde@ﬂ the pchseneduhyenmsm,t g nE&ENA step comprises
unrelated to the CREY sel ect,i.on marker
meaBHESB dor KR Ty TRUORbE har o RLROT Uy P and igs - More
spetiikecalbye thpeéuﬁgaalhy,1suchlatadtandeﬁumgpscaancbéture
red b rod ¢i.ng 0._yeast _a.sel ' e o
conB5EREPEE ARPEn CorprYeeb Pne RYCE dEndnosEiphed BREESE 1iquid
culkamamyuhnumsachEaﬂEeag@aatmﬁcS pedybeptomegdend retse medium (YPD

med?um;zmggagrtlto grf' g%%sgﬁ%]ce 1%?1%) tﬁgﬁl !LH: %%ggat 25 to 37°C for

each I'ses” a- nuc
4 tse’t@érm:s:shorrﬁhugoeelt@yratlpme igsmepfdefiec igemte funavg gansformed

w1tf1rtq{g gQPEBeZQtQ#&Jt%% g]ﬁﬁ)of 1].-11?5 g:e)se%nlméﬁtion can be assessed

Iclent ngus o sent 1 nvention

forugcbw@és Thoe @agwqﬁepftqnpw3NrrwﬂEﬁﬁé¥a&mwék%%wﬁﬂuneweuSlng the
turg‘:ﬁ:@@ry 3%&%@ culture liquid, the number of colonies, or the size

or color of the spots formed on the agar plate as an index. In the
method of the present invention, the next step comprises selecting
compounds that inhibit the growth of the above-mentioned fungus.
In an alternative method, the first step comprises contacting
a test sample with a GPI synthase gene-deficient fungus in which the
above-described degenerate mutant DNA has been introduced. The next
step comprises determining the amount of GPI-anchored protein
transported onto the yeast cell wall. The detection method includes:
(1) methods using a reporter enzyme; (2) methods using an antibody
that reacts with a surface glycoprotein on the fungal cell wall; (3)
methods using the ability to adhere to animal cells; and (4) methods

using a light microscope or an electron microscope to observe the



gwtl -20, GPI7 disruptant strain, GPI8 nutant strain

gpi 8-1, and GPI 10 tenperature-sensitive nutant strain
woenwdHds67 A GPl synt hase gene-defi ci ent fungusPGigR1003/014920

has been transformed wth the degenerate nutant DNA

of the present invention can be prepared by

introducing into a fungus a ¥éctor into which the

degenerate nmutant WO 2004/ 048567 PCT/JP2003/ 014920 35

fun%@@dqggtﬁﬁﬁﬁtbg%ﬁ&E%g 1XFRAPIon0M JEPEQXE@%%g%omprlses

( e vector cerevil sl ae,
selertsngle eamphbe tsald desndrsesy s5EANPWRE $>f §§%éncinﬁéed protein

tra%%éﬁ%%%d'@geﬁﬁ s&apiovides a met hod of screening

antimal ari rugs whi ch conprises using GPl
sy it ger ¢eert d@W%mmn PERGHIeRe st e dnelescreening for

antﬁﬂ§fa?1§ft Hnﬁjﬁi%?br%&%ﬁn@@%ﬁ%&%%@.Qﬁntﬁétbﬂgsﬁnth651s of
sanpl e MAt a GPl "synt hase gene-deficient fun

us
GPI: wdm%asl%@mpatr.e&ngﬁéme@ I P AP APt mAEh O IDNAS Present

invédhioR. | o Adcasatetcidan, beQn@M@f@C@%ﬁ%Hﬂngassaysystem
protein involved in the bi osynt hesi s of GPI

of
wheF@| 3FFaSPaRrast £ egar Thed " edht bRt S L&A heOBRATRYRJCRFE Pind to a

profddh Nthfo1esd 1§Qﬂﬂi%ﬂd%jﬂﬁhéﬁﬂétmﬁc@hpbhatlon with a labeled
above-nentj oned fun VWhen the_ tes

compP RGNS VBCH DERRBAPs | rEP TR LbHY g RRSCBEbks Arutant DNA
of €R& pﬁes@htOQﬂﬁéﬂtiaholéh@nab@aacauntnaaedhéuegmsSyhnhase

t he nethod of the pr sent i.nvention,
GengOi B R LS et ERRANT hG B R b DU oo RMEPis expressed
in @@@WﬁnﬂﬁﬂilQﬁﬁﬂthéngﬁﬁrebbéd pB@B@iﬁk&Nﬁg&pdﬂmﬂfumgasprepared
nocu d|t|

oL BLR] TF obl Py, CORGSFERYUL TS FnbCHFaCBUCoRt 603 Figl: @ 1abeled

compuhhdriﬂl:m?djalmrrb$ndhtca$h‘éepsbte1n In the next step, the labeled

extrac ypeptone-dextrose diu PD
comitbaaho B8y BRr LEE PERECt Rohl RCtBAT e af D5 Py Chogpples that
dectessedthe ZAohotr sf ThuslER| csypvhadebgend- tef tbeeptrotein are
Sel?ﬁggés transformed wth the degenerate nutant DNA of

fesent invention can be assessed for growh. The
dBge qerafergr dwverndadmrabdeocbprdet éemi ardssing wsen for GLeN-PI

acy&%%ghgfg¥agg th@u&ﬁltg§§tgh. 6&5r%§§igﬂgggi Okif;WTl roteln which

onires, or the or color o
is phepagad psne a@b@n em@elxngl A phetenpdt Horlt diag H’éle acthlty of

com@'i&?%ﬂtﬁ hBV Hé'?}’ﬂ%n%@fp%‘ﬁ%f %ﬁ%&é&%@{%&?@ RRIRC MG ch the DNA

is abdeeen@ﬁa‘t@n@ﬁtﬁuﬁggﬁ Y HNAneapPélrlﬁat PvBagarpgdpagrpeite GWTL
probbifl t§EEPHGAMR 1 §GErCARt B6htBAtL than the original DNA.

Specifically, the degenerate mutant DNA is introduced into
GWTl-deficient fungus, the protein encoded by the degenerate mutant
DNA is expressed in the fungus, and the expressed protein is prepared.
This protein is then contacted with a test sample, GlcN-(acyl)PI is
detected, and a test sample that decreases the amount of GlcN- (acyl)PI
is selected.

Any patents, patent applications, and publications cited herein

are incorporated by reference in their entireties.

Brief Description of the Drawings

Fig. 1 depicts photographs showing the results of tetrad

analysis. The gwtl-disrupted strain became viable after the



a test sanple with a GPl synthase gene-defi ci ent

fungus in which the above-described degenerate nutant
wOio4vassebeen i ntroduced. The next step conpr PEESP2003/014920

determ ni ng the anmount of GPl-anchored protein

transported onto the yeast cell wall. The detection

met hod i ncludes: (1) nethods37using a reporter enzyne;

(2) methods using an antibody that reacts with a

int§8&ﬁ§ggo%g¥ﬁeﬂé g%%yﬁﬁuéJg%é%gﬁég ﬁﬁ%b%%?ha (3ﬁﬁafourspores

derhﬁed(ﬁ;ome@he@eglasdhgleldughilnweressppeted wartically.

I S /
pCa e 14920%3%%@% Jetts m% ?Qﬁet%g’%g %ﬁéé’ half of the

SPOpeeseht i nvigHts orhe Héaﬁrﬂe;(tO%t Bbahzrwf@e@ln@eﬂ@mw hy [spots
exhfb S8Ry end hat o Hes] epses. ZrﬁhfgﬁﬁﬂncégeéaDlIﬁnEﬁergglumns marked

protein transported to the cell wall. The present
Wlthn@%nereﬂWper?d%@teahepheaobypeceéeﬁhﬁggwe disruptant was

comBNéh&BE 38 1A} tHE Ggﬁﬂbﬂd&@oﬁf@ﬁ@&n driWRbNEd d1N ¥B8r spots grew,
i osynthesis of GPlI, which is prepared using a .

eac@eﬁ%ﬁ%%%@eanﬁ?%ﬂ?yDNA of the present invention. Such

nmethpgls 2 rpide.s Rokigy2ERl Shori R NEh OGBSI S E@Mivity of a
mherg screenlng IS carrled out to_select conpounds
COmPRYRA B e FESPeHr S RSi AYBVRICT VeIt BREEPSAES she opfGWTl

generl(EmﬁhﬁﬁtﬁHHWdeét anTabele@d ocopIFmd 1bgund Wastéﬁﬁressed in
rotein flcallg a degenerate mutant DNA of t
GWTﬁr%§%%td+ﬁ %?%ny?i Fntroduced into the GPI synthase
genk cdeafpiotinelta ¥ Ung e &deiptoyimiencodetndHhenPNAdependent
[ ressgg int

[ f ungu the expressed .protei
groy g HEYERE o1l pPaparcl P ELerk TSt Te dotheRsgect to the
opf@WTh—@epeﬁdeﬁﬂn@tewhhdoﬁﬁYQaatlaheWEﬂchCOpﬁ@WDﬂ waatexpressed.

ca to the tein. t he next .st e beI

compbting ot 8 ThebRrncir Tl GittoRe i "peap L /- Human
red sdmulceseflhat wedeumdmelammntfaﬁcimabned Aoewtounﬁnhlbiting

.ot el r | egt The resent.. . .

comfOUI8,13 S8R 018580 BELER A0 ATIE B EREAci4m of mataria
par@@yt%ramééetas@.W&wc@ehesWSMed1conprlses using a GAT1

or . e : p q
or o421 e ML clol SRt EnRLEt el 09 2N SRCELNG: iy w1

inhBnbhed yplee dﬂa@madmrmem yefsctiohi ch rée BNfodisedls.
degenerate nmutant of a DNA encoding a nalaria parasite

GM1 protein that has a | ower AT content than the
BeshriiedeafopNarspbed feuhl the Imeededenerate nutant DNA

I's hdtd 0dusethy Nohe present invention will be specifically
described using Examples, but it is not to be construed as being
limited thereto.

[Example 1] P. falciparum GWT1 (PE£GWT1)

(1) The nucleotide sequence of P. falciparum GWT1 (P£GWT1) (SEQ
ID NO: 1) has been disclosed in the database of the P. falciparum
genome (PlasmoDB database, http://plasmodb.org/). The P£GWT1 gene

was cloned by PCR using genomic DNA purified from P. falciparum (the
3D7 strain) as a template. The 5’ half and 3’ half of the PfGWT1 gene
were prepared separately, and the two halves were assembled at an
Xbal (TCTAGA) restriction enzyme site. Thus, the full-length PfGWTL
gene was prepared. In addition, restriction enzymes sites outside

the coding region were included, thus allowing insertion into an



GM'1-deficient fungus, the protein encoded by the
degenerate nutant DNA is expressed in the fungus, and
woheosmugieessed protein is prepared. This prot eCWIPH03/014920
then contacted with a test sanple, A cN (acyl) Pl is
detected, and a test sanple that decreases the anount
of GlcN- (acyl) Pl is selectdd. Any patents, patent

applications, and publications cited herein are

ERQraLe y reference in their entireties. Brief
eXp%bggr? tl%ngg t he Draw ngs FI% 1 depi cts phot ographs

shoW® hgTht¢1é3 r dsdift Qfotht%eff@dT ey sizs amplified by PCR using

O Bt JPa0Da 1008 ST T bUA! o oo Ra 1927 (sm0
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thed§£ﬂn¥eﬂrEEQHh§eSHBQE?:LQ!EH' | gbdvee! LowREecaRObLeRers prI37F (5BQ

vertlca y. |If h ne was ,
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weré astd&lQi‘ne[cP Qh@@%ﬁ@"p@nglﬁé‘)&é&to{" S(Mge@%h' Bhgi 'ﬂTﬂa RAcleotide
gromh] is 2:2 in such cases. he col'ums nar ked

Seqb\ﬁlﬁeénogrﬁ?%%v insRritme pgr?éﬁ%ﬁnﬁ?éj g e fgwm homology to SEQ

ID MNb: SllUpt @Nén 8 orGHR] i1 Rheds b atifec F MHOBUERR 1 gene were named
and hence all four spots grew, _each formn

er18Ph o Lo Sh e Rt S R S AR T e hamed PF20-9
clothLb|tory activity of a conmpound with respect to the

gro pressi ng. t he opf GATI ne. Either
Shot L RRaR SR T Thar v S ey were added
out &dad gﬁ@ee?dsm%m%@ghcyzeasd erfhkﬁ!ﬂlﬁQWI(Pdﬂmlm@ehléeﬁo be inserted

activity of jnhibit ent owt h of
it A S T S (0 SCRRE | reavepers TES AR Hasied to the
57 hhef ppf Rl udépgndent-gr aut A oEmpease hndmhhehprlmers pfl54FE

I S _expr . oFEl p di aqr s

(seg e SRR B BRI O o L ARPETE 2B Y eragment
was i nflect et dvint oPthé dTiFaruemye At @M (INo e doi X itlogprepare the clone
pT79§EEgHﬁ9 \/\@5 ]?gxgeget Cl):ht hgs%a %ngnf %gqfle%:{éc‘d b@nQCR using PF20-9

on of nalaria para3| |
as detempiaéd anﬁlthevgrmmﬁpeupdé6éﬁﬁlMBEQn@DaNO|fﬁﬁgahnd pf155RK

SE@CJ{Jj %éna}lo?OThé'%?r %Fﬂ[ WA@&?&{ %IED @fé E%Bgloned to prepare

pT7ogiasm§K5nvénnesn Fbreln bel ow, the present invention
Wt“ ’Pk?e SPL?fi—f-i&r%il:Bf PfGWT1 gene was prepared by the procedure
described below. The yeast expression vector YEp352GAPII was

digested with the restriction enzymes EcoRI and KpnI. The EcoRI-Xbal
fragment (about 1500 bp) derived from pT7-plasmN2, and the XbaI-Kpnl
fragment (about 1100 bp) derived from pT7-plasmBK5, were inserted
into the vector at a cleaved site. The expression vector
YEp352GAPII-PfGWT1 containing the full-length PfGWT1l was then
constructed.

[pf152F] ATGACAATGTGGGGAAGTCAACGGg (SEQ ID NO: 48)

[Pf136R] TGTGTGGTTACCGTTCTTTGAATACATAGA (SEQ ID NO: 49)

[pf137F] ATAGAAAATGATTTATGGTACAGCTCAAA (SEQ ID NO: 50)

[P£151R] AGACCAAATTAATTATGCCTTTACATGTAC (SEQ ID NO: 51)

[Pf154FE] agaattcaccATGAGCAACATGAATATACTTGCGTATCTT (SEQ ID NO:
52)

[P£157R] GAAATTCCAATGTATTCCATATTCACTTAT (SEQ ID NO: 53)



descri bed using Exanples, but it is not to be

construed as being limted thereto. [Exanple 1] P.
woabwipegtsam GM1 (Pf GM1) (1) The nucl eoti de sequaPmes/014920

of P. falciparum GM1 (PFGM1) (SEQ ID NGO 1) has

been di scl osed in the database of the P. falciparum

genonme (Pl asnmoDB dat abase, h8©p://pl asnodb. org/). The

Pf GM1 gene was cloned by PCR using genonm c DNA

ifd fr ' { v/ '

bl SR I S o i el

wetle prepared separately, and the two halves were

3% X oA CHETA z .

Si te.rgg'lf'ﬁﬂs,aégr%é—cf‘ul I -Clpgecngt h%Il:;'?fC(I;\Irlp\%?Jt KTQ%Te%l?pbr@eﬁggarIeDd.No' 3)

In addition, restriction enzynes sites outside the

[Ex&RN OO T €91 O Wer &b ficd udedprdifttis @bhOW ng i nsertion

into an WO 2004/04%567 PCT/ JP2003/014920 38 _ . .
XY 8Senéncverd drhvipiz)e TAE ) sSPrRRPF TSPt he SPICERPLNgeivehigh (80%
NE$h lidied by PER: Hh NONA P ad@ ChRET HEY YEROM £ QN% 1

°r as, aé?grrpl at e _and Jt%?ae primners r—JrlJfI 52F (SEQ ID NQO48 ca

CechivIit T JERTSEQ FOINCP229Y Jermhengineari ngas S4RpPFFiER Systems

for B cdnitd risaie ppbeeedur, €2 88 Sy bheda ab oY e MSIMF iN@ble (Sato and

riners gflS?F SEQ | D NO I%)) and pfl 5] R ( SE

] | D NO
Horgh) PHe=HAA ¥ At &Ll 37T SR Z VR ev%hbc{%n(e%d‘l?ﬁjt%& 2003) .
Likdwes¢,T /18 UBT Vesh osn{ NoF aRecyT1 amdi tihigs n8ic| £04 | d€cluding many

sequences of the inserts were sequenced to confirm,
ConSRET 0y 2} VBED SHENGST:  Glbies ContR M1 RFSlicted to be

diffiddloftd hee P Géfle gane apireswarRd a BEbSeincliongsast. Indeed,
Clones ¢

ining, the 3" half were named PF20-9 .
wherg) GeEre CEEGHEL 8 fed il i v efe BaoFerHete T 7 by rector was
intwerndyoess were Giddedisaupsiedeyehet codhaP f@YI DriitdOnot rescue the
e t he Pf .0 be inserted,,intq, an
Lot b L e e SR BR Aot il 1o it dieq Afcontent,
codare wére hadib 1 dyedPCRL US| sign@iitibo s asodoh enpl theuanchih@ing the
. pr i Ier 54 NO 52) and pfi157R (SEQ I D
orl%@&ﬂ#h%ﬂi%p%?&%lépm fragnment was subcl oned
iThteo codep FrbBltid wdcnowaENovagery totpbepadeothehe nucleotide
TH - ' i-S€e, “analkf .
sealoif of Py Dk R el 3l M8elgsefoin the .
fal@*@@@% ?ﬁmml‘(ﬂ%@f@?r@ N asa)DRIndR ph&BSRK  (SEQ I D
htt]g%\!oq/é@smo&%‘.eoﬁfp% ifigd P@%C \Jg{égﬂmélgﬂfdé%k&iﬁ% was named

repare T7-pl asnBKS cl o
“optimized PL£GWT1l (opfGWT1)” (SEQ ID NO: 5).

The sequence described above was designed to include additional

NO:

sequences outside the coding region; namely an EcoRI cleavage site
sequence (GAATTC, at the 5’end), Kozak’s sequence (ACC, at the 5'end),
and a Kpnl cleavage site sequence (GGTACC, at the 3’ end). The
synthesis of the resulting sequence was consigned to Blue Heron Inc.
in the U.S.A. These additional restriction enzyme sites were used
to ligate the fully synthetic opfGWT1l into the YEp352GAPII vector
to construct an overexpression plasmid for opfGWT1l. The construct
was introduced into diploid cells (WDG2) in which only a single copy
of the GWT1 gene had been disrupted. The resulting transformants were
cultured on plates containing a sporulation medium to form spores
for tetrad analysis.

The AT content of the newly designed codon-modified opfGWT1 was



(4) The full-length Pf GMI gene was prepared by the

procedure described bel ow. The yeast expression
woeaidmnsS¥EP352GAPI | was digested with the resPCcTOPi0051014920

enzynmes EcoRl and Kpnl. The EcoRl -Xbal fragnent

(about 1500 bp) derived from pT7-plasnN2, and the

Xbal - Kpnl  fragment (about 1#80 bp) derived from

pT7-pl asnBKS, were inserted into the vector at a

redeteaves «3i.t5e.s Th@h@&@é@@ﬁ;@l’bﬂlgg QL
352GAPI | - Pf GM1 cont ai ni ng thg d’anlXSlﬁ HFGrpeyn in Fig.

1. TRER™ dﬁgﬁgp}:@glt%ra:{rbppggm]e v1able after introduction of the

fmﬂwaﬁg SE
e e e

:Lnth%?iI:%%r PEREGSE, mMS(sgngprN@st5ggalls when

its g%i | ﬁ@TWJMTN@Qﬂ ARSI F N £ BEQ. 1 D NO
Y
agaat t caccATGAGCAACATGAATATACTTGCGTATCTT (SEQ I D NO

Y- N T Y SR A T 9&[ f 688K]
53 2004/ 0 P
opt %ﬁ%&%ﬁo ARRAICATTTTAGATTAATGAATATGTG ( SEQ | D
m(}*c54§an{.pglﬁ&m€m ﬁggtm@ﬁﬁﬁ@&%ﬁ@fiﬁ%@ﬁﬂ{%ﬁr@gﬁﬂgg%lv1ty was
u ntnetic GWM
cond o Ry e Al TRy R e 8 ¥iedortion 1 s

é\x:c@e:dzmagslsydm gias(ﬂ}%e M’ashlcgi’llﬁt)rUCTte% kfyﬂ|1(ﬂé.2ﬂ*ﬂilﬁg the S.

u bi ol ogi. cal, techniques
et ‘%%swgq Enéﬁghagﬁgérl(g%h§XSré%%f%%F%@%?éﬁ%ﬁﬁ#BFomOter and
mul@lg@@mmﬁlﬁegu.etns;h@m&emm[ ateeoff ehaupaxgil babbpy vector

t 0 can [ acid, and En
pRSj%? ﬁg qﬁfg%%€%a858®§% rg‘hLuk fﬁwgl PIF&E CAT IS HENt 1gto the

mul tpGAPn Ipgashas mpzrﬁ%amaacp%m@c@mm am:prBPubpfeWZ\l @lasmids,
respbcdiRighes Th@'%lésplfa'éﬁu%”%e‘é’és iR ediele ed t to - the GWT1

. difficult to replicate and expréss as a
dismppiant .| n§esdal wientebd idid wPHEWELOF] Cg@nrecdumdt )awere prepared

ntr.od n
e et e BT <4RS P PRELEE iRE Speliadpr. a 50
pl abh@H@Eybfet £ dhbuCnt Cadisrumst wat addad [to FachedCe oATa 96-well
plateqnt @ﬂbrnlgﬁﬁoﬁﬁl\ﬂﬁfc%sr epl ?%Sgtwb%ﬁléy@ggﬁéqgginﬁogggﬁ plasmid

Wi t hout chana original am no acid seque
wererld lgggenlod sﬁpﬂdt @@ﬁ Wesn cara( ¢d @ﬂltquaSedfohhe h&ilution was

addeauebesstllavell. The plates were incubated at 30°C for two days,
and then culture turbidity was determined at 660 nm (Fig. 2 and Table
1).

[Table 1]

0 6.25 12.5 25 50
PGAP-ScGWT1 |0.7560 |0.7370|0.6670|0.1140 0.0420
PGAP~-opfGWT1 | 0.7150 | 0.6990 | 0.6910 | 0.3630 0.0530

Although the GWT1 disruptant was nonviable, the strain became

viable after introduction of each plasmid (as shown at 0 ng/ml of
compound concentration). The growth of ScGWT1l-expressing yeast was

inhibited by compound (1), a GWTl-specific inhibitor. The use of the



sequence of P. falciparum GM1 (SEQ ID NO 1)
di sclosed in the P. falciparum genone dat abase
WORh@EmagdeB dat abase, http://plasnodb. org/). TheCcT/JP2003/014920
resul ti ng nucl eoti de sequence was naned "optimn zed
PfGM1 (opfGAMI )" (SEQ ID NO 5). The sequence
descri bed above was desi gned4flo i ncl ude additiona
sequences outside the coding region; nanely an EcoRl
cl eayage, site eque d)
com S 2o S ey e gt P s T B g R R o ggpven.  When

the cloaavagel it essegaeridendGal AGGe gteashs/vaé cemplletEng nonviable.

e JUALNEELE Plchie LB PSR 5500 006k 8 compoun

(1) r eStrai atsicow ferthemeagigemndverte Afs ey /ntlo desgdtted He about 50%

y ' pf | into 3 v
Lo UL P 0T O CBE0cLRBXERPRBAEVBEL 20 a/md, he
yeagheiagorsmpdeteliasonii pbdaced i oM S @fc@prWTl expressing

yeaé%eﬁcﬁ‘s V\@Ill%@n£at§\7§t§]%§ ‘@19@3’1n@fo&1@§e%§f@ﬁ@f growth
been di srupted. The resulting transformants were

lnh%@%’%m%@a@rﬂo%laétté@b@ﬁpa’?%tﬁ@ Janléb%%m%&l gt e GIRFAITG function

by é&ﬁ;%élﬁ’@r es) . f amndt rad fnRly Sy eTJte ﬁ%@%mﬁ%urﬁfs with P.
t he new deS|gned codon- nDdlfle

falogparen Wﬁcﬁmap@f@@i@rY460FéaaE§oGW%l @frsée identified
by J@ﬁeé@ﬁ%téor@éo@@aé adsangl yBis aseagheywstém.Fig. 1.
he gwtl-di srupted strain becane viable after
|ntroduct|on of the opfGMI overexpression plasmd.
[Exdhe1éi 07li ngsidessribedagbovetyi ndicate that the PfGAT1

AAe S UL EOBY EBcun BB TircaPF bri P s T were

assaﬁﬂe@sﬁaay é@tlmlaﬁ?&taraatlaﬁtyvusyngsanged blood cell culture
GWI - expressi ng yeast A screening systemfor
SysE%ﬁpounds having antimalarial activity was
constructed using opf GMI - expressi ng yeast. An
n cassette was constructed by inserting the
ey si ae GMW% termnator, and the S. cerevisiae
onot er and hultl-clonlng site into the
Sacl - Kpql syte of the single-copy vector pRS316. S.
cerevi Si 1 and opf GMI were inserted into the
mul ti-cl prepare pGAP-ScGM1 and
pGAP- opf GM| plasm ds, respectively. These pl asm ds
were introduced into the GM1 disruptant. Seri al
two-fold dilutions of conpound (1) were prepared

compound (1): 1-(4-butyl benzyl) isoquinoline

|\
~N

(2)

o—H

compound (2): 4-[4-(l-isoquinclyl methyl) phenyl]-3-butyne-1-ocl



usi ng YPAD to nmake the highest final concentration 50

g/m. AS50 | aliquot of the diluted conpound was
wadadmb4gw7each well of a 96-well plate. Over nPQitIP2003/014920

cul tures of yeast cells conprising each plasmd were

di luted 1000-fold and then a 50 | aliquot of the

dilution was added to each vell. The plates were

i ncubated at 30 C for two days, and then culture

turbidity was determ ned at 660 nm (Fig. 2 and Tabl e

1). 4Tkt 1] 0 6.25 12.5 25 50 pGAP-ScGM1 0. 7560

0.7 70 0.1140 0.0420 pCGAP-opfGM1 0. 7150

0. 6390 Q! 36303D. 0530 Al t hough the GAT1

di sr gds nonvi abl e, the strain becane viable

after int ion of each plasmd (as shown at 0 g/ ni

of conpou ncentration). The growth of

ScGAWT'1- expr WY_YBQ was i nhibited by conmpound (1)

, a GM1-specific inhibitor. The use of the WO

e e e T LV

compound was used at 50 g/m, the yeast was conpletely
nonvi gpl €] The grow h of opf GMI -expressi ng yeast was
j 'Ni;ed by conpound (1). The use of the
comybund at 25 gl4) resulted in about 50% inhibition

of grow _Maen the conmpound was used at 50 g/m, the
yeast was @o etely nonvi able. Since growh of
opf GMI - expe€ssi,ng yeast depends on the activity of

the introduced opf GWMI, growth inhibition can be
attributed to the inhibition of the opf GMI function . _.
RPRRAIBIINGE (1) 2~ (e oot lgo LaRfe L k i eionpeigsi dine
with P. falciparum GM1-specific inhibitory activity

a1 e i dentified by screening conpounds using

this afsay, syste [ Exanpl e 4] Antimalarial activity
Reperse ive c ounds (1) to (5) , that inhibit

were assayed for antimalarial activity

pood cell culture system | \ \ /N (1)
-(4-butyl benzyl) isoquinoline

using a reg
compound (

compound (5): N-[2-(4-butyl benzyl)-3-pyridyl]-N-methylamine

Specifically, a test compound was dissolved in 100% DMSO, diluted
with a medium, and an 80 pl aliquot of the dilution was added to each
well of a 96-well culture plate. P. falciparum FCR3 strain was
pre-cultured in RPMI1640 medium containing 10% human serum at 37°C,
and then 20 pl of the cultured cells (containing 10% red blood cells)
was added to each well. At this time, 0.47% of red blood cells were
infected. After culturing under 5% 0., 5% COz, and 90% N, at 37°C for
48 hours, the malaria parasites were stained using Giemsa staining.
The number of protozoan-infected red blood cells was determined in
order to estimate infection rate (Fig 3). As a result, compound (3)
was revealed to have strong antimalarial activity. The other four
cbmpounds also showed antimalarial activity. Compound (4) exhibited
the lowest activity. Therefore, compounds inhibiting yeast GWTL1

include compounds which have the activity of inhibiting P. falciparum



I'~l "N O--H conmpound (2) 4-[4-(1-isoquinolyl nethyl)
phenyl ] -3-butyne-I-ol WO 2004/ 048567 PCT/JP2003/ 014920
W@2004/04856Y N 0.1 H (3) conpound (3): PCT/JP2003/014920
5- butyl -2-(1-isoquinolyl nethyl) phenol N 11 %~~IN

0 (4) Br conmpound (4):
2- (4- brono- 2-fl uor obenzyl )' - 3¢3ret hoxypyridine N (5)
MeN H conpound (5) N-[ 2- (4-butyl
en r I I akly, .
o w01 v o LG O DRBEC g i & WS zed based
on ﬁﬁ@'uﬁpm@@@nd@ 80 | allquot of the dilution was added
to each well of a 96-well culture plate. P

fal ci parum FCR3 strain was pre-cultured in RPM 1640
Incpsgirdmlc Ardilsia®g 1id% human serum at 37C, and then 20

gfhigf theecul tM@r@kf@A |s§1cfc¢e%‘@e@i 'ﬂhn?régtﬁziﬁg PL[HQ%Q thaft express

was added to each wel his tine
malpgdapPasd sdérel §Widr-e Uﬁﬁﬂ@cﬁé@h APRGE, cantimphgripdedrugs

tara¥Q3g 2%CR2AtnaRd Q%N ali 3(REHQ s 48 Scdd®ed without

mal ari_a parasites were stained using G ensa staining.
usipgeMadRBdR BRIFEd{EF0an-i nfected red bl ood cells was

d%ecﬂam@,edm Mt s Ha® @%tewﬁtaael pbesihPdsE o 1R a parasite
3). resig g npound 3% was reveal ed to have
gengt iR Fi a9 SCEeeTY Fubshaneemathfduinhibit the function
of egaﬁog@ﬂ% ?Hﬁ:ﬂe ?@@Fﬁsﬂ@:ﬂ l&atbaprt@!seﬂ%iﬂv%ﬂtl&@rﬁ@wﬂe the need
exhi bite e l.owest acti vi erefore
to %s%%ﬁﬂkﬂsu%m BedendayBases Entd tieiekiee To@gsuhes this method
prowkisC ihkaye sish® iadtiyv ictty e@ftllxiéhlyblnfelwn@dieefn&r@l pRICUWOMOfor drug
di 2004/ 048567 PCT/JP2F33/014920 43 GM %%ggtln
L SERYE A AEla PR S AlgY S R 5B LS n e hfb

such conmpounds.

era.



Industrial Applicability The present invention
succeeded in producing fungi that express nalaria
woan@guse7 GM1. Usi ng such fungi, antinal ari al PATAIEE03/014920

targeting the pathway of GPlI biosynthesis can be

screened wthout wusing nmalaria parasites. To date, no

attenpt has been made to exptess a nmalaria parasite

gene in fungal cells and screen substances which

inhibit the function of thair@ene. The nmet hods of the

present invention renove the need to actually using

mal ari a parasites thensel ves, and thus this nethod

preves bRE Qeéékghhdgtt’ooin§%ﬂ1é ey EWESr@PN Rthich encodes a

met hods for _drug |scqver u5|ng conparativ enorg cs
protiean: gé |§0§‘la-]-g?‘§|3ré‘rr@aé"|aa°’l PI acyltransierase
actl@g{&JP2003/014920 44 CLAINB 1 A DNA accordlng to

any one of (a) év% [ encodes, a rotein a,

mal éﬁ.%%ggf:?elﬂ ﬁ&Oée&n PPMREYP HPA % PRSEC %ecfd sequence
of saet ity Ny: Galbra4DNA encoding a protein conprising the

am no acid_sequence, 0 b

coﬁﬁﬁlélR@AtHQmﬂﬁ&FéﬁglE%ecgﬁ%%%Ki %? %ﬁ@??éf%(?f5§%§)ID NO: 1
or 33, (c) a DNA hybr|d|2|ng to DNA conprising the

nucl ot i

strij g%ﬁgﬁiﬁﬁg 6ﬁ§ng§ﬁ)Eﬁ%)C%PQ%#?%%%&%“%%ugi%?% §f [pequence
of S8Q @b qmmpm 2as 3 herdam et rdaigknts eguetide aofs ,SEQA D NO

2ddgd, 200 8 COSIBG A FLRT AP ROURLAd % R amino acid
seql,mm@ieelolf SEQOﬂBd\ICb)‘y 2 e BNALBCdorah et orcharm dmige eids have
been) SRy | HAMUEN IS N AcCoLdiDe L o falad. | o

or man Ich retains, In .
exgar. egslpk:doe:mm@pddaaei bl:)l\lkkvai:mpdlatg:qnﬁﬂ{ﬂgaltm Illa?rlm 1.

th% Vgg} %toaxcg?ﬁ:gl 09: &0 8 abm%%cc%rcﬁ{h@@{)' SBbAfhal 5 inserted.

rrses as an active |ngred| ent a
conﬁpoﬂndrahaformhnblWhl@hqer%m‘mﬁ,t yirofnt REPpEesEbhe state, the

pNa A& \Aﬁth-@evé”c%dfméc%dﬂl hL\QD claim 3.

accor |n to c a|n1 erein the conpound
i nifibRn@ttHanEet A8t (ren WinkClh Comsitd seecaf dihgctdve ingredient

a céﬂﬁadﬂd that inhibits the activity of the protein according to
claim 2.

6. The antimalarial drug according to claim 5, wherein the
compound that inhibits the activity of the protein according to claim
2 is at least one selected from the group consisting of the following

compounds (1) to (5):

O :“ W
®



2 is at |least one selected fromthe group consisting

of the follow ng conpounds (1) to (5) cl(1l) WO
waQow/agss567 PCT/ JP2003/ 014920 45 N C2) O0- - HpCY/JP2003/044920

sH(3) I~C4) |I~~Br and, MaN N (5) H 7. A nethod

of screening for a conpound having antimal ari a

activity, which conprises theé#3teps of: (1) contacting

the protein according to claim2 with a test sanple

and a | abel ed conpound that has the activity of

bidiyg~p the protein, (2) detecting the |abel ed

cogpoy hat binds to the protein, and, WO

20072 67 PCT/JP%993/014920 46 (3) selecting a test
sanmpl e thaj.decreaseS the anount of |abeled conpound
t hat Dbi .ﬁ the protein. 8. The nmethod according to
claim?7, wuerein the | abel ed conpound that has the

activity of bim¥kng to the protein is produced by
| abel i ng at |east™ongy-dbnpound sel ected fromthe
group consisting of the conpounds (1) to (5)
according to claim6. 9. A nethod of screening for a
C o -]‘ RRgvi ng antimalarial activity, which

he steps of: (1) contacting a test sanple

Otpf ac&deing to claim 2,

! AN

~ =N
O

Y @)
Br

and,

S

MeN N (5)

H

7. A method of screening for a compound having antimalarial
activity, which comprises the steps of:

(1) contacting the protein according to claim 2 with a test
sample and a labeled compound that has the activity of binding to

the protein,

(2) detecting the labeled compound that binds to the protein,
and,



(2) detecting A cN-(acyl)Pl, and, (3) selecting a test

conpound that decreases the |evel of GIcN (acyl) PI
waQoo4A488tr hod of screening for a conmpound havi RQT/JP2003/014920

antimalarial activity, which conprises the steps of:

(1) contacting a test sanple wth a cel

overexpressing the protein d%%ording to claim2, (2)

deternmi ning the anmount of GPl-anchored protein

t r amspcgdmttltrﬂ; afﬁés?aels,bm@@éltna& tberegkks t%@am(aﬁ)at of labeled
t g a, test sang t hat decreases the anpunt of
comPﬁEn G%g EnBhBPREATR P@lHrPFﬁﬁgported to the cel
wal §, s ﬂetﬁbmadﬁibﬂdiﬁgstﬁﬂﬂ(aa)m 7J-]wdhe‘5_re"m% bad Jfaneled compound
r.eat arj.a ich co es adm,nisterin
thal (B RS I A o Bo LA PyoRr e BraparAd by labeling
at heastdong tOmpbahH1BeléateEhEr&mthﬁé QQ@QEdeQSEQtlng of the

1 ereLn the cqr I.nhi bits the
Comécyng%tilbpg?hzbgraFgPﬁggg Ea. Ea%ﬁ 8raim2 is the
con@ouhdmathoddbﬁgstﬁeehah@15or13 cémﬁbﬁndnﬁ@dnﬁghantimalarial
in has_t he ac Vlt onplenentlng t he
aCt%ﬁ§£§tyﬁéE§% a *&8VR é%ﬂg d&ficient yeast,
whi €h) |®na:ad3¢gergea aieesmslample ofith DA reruedimgcaording to claim
o protein involved in GPl biosynthesis in nalaria
" parasites, and that has a | ower AT content than the
ori 2 hatleDNAC 11d. GIcIDNAaent bBI ngaadprot ei n t hat has
the t 0 e
sy nt gsigié%ggggfgcﬁg% yea%?gn&mﬁhgﬂ ?%E%Q %ﬁgngP%tLevel of
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(3) selecting a test sample that decreases the amount of the

GPI-anchored protein transported to the cell wall, as determined in
step (2).

11. A method for treating malaria, which comprises
administering a compound that inhibits the activity of the protein
according to claim 2.

12. The method according to claim 11, wherein the compound that
inhibits the activity of the protein according to claim 2 is the
compound according to claim 5.

13. A DNA encoding a protein that has the activity of
complementing the phenotype of a GPI synthase gene-deficient yeast,
which is a degenerate mutant of a DNA encoding a protein involved
in GPI biosynthesis in malaria parasites, and that has a lower AT
content than the original DNA.

14. A DNA encoding a protein that has the activity of
complementing the phenotype of a GPI synthase gene-deficient yeast,

which is a degenerate mutant of a DNA encoding a protein involved
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17. A vector in which the DNA accordlng to any one of claims
13 to 16 is inserted.

18. A transformant which retains, in an expressible state, the
DNA according to any one of claims 13 to 16, or the vector according
to claim 17.

19. The transformant according to claim 18, which is a GPI
synthase gene-deficient fungus.

20. The transformant according to claim 18, which is a GPI
synthase gene-deficient yeast. ‘

21. Amethod for producing a protein encoded by the DNA according
to any one of claims 13 to 16, which comprises the steps of culturing
the transformant according to any one of claims 18 to 20, and
recovering the expressed protein from the transformant or the culture
supernatant.

22. A method of screening for a compound having antimalarial
activity, which comprises the steps of:

(1) contacting a test sample with a GPI synthase gene—deficient

fungus that expresses the DNA according to any one of claims 13 to
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det @i pgecpelingate) Pkotgas expressed in step (1),

(3) contacting the prepared protein with a test sample and a
labeled compound that has the activity of binding to the protein,

(4) detecting the labeled compound that binds to the protein,
and,

(5) selecting a test sample that decreases the amount of labeled
compound that binds to the protein.

25. A method of screening for a compound having antimalarial
activity, which comprises the steps of:

(1) introducing into a GWT1l-deficient fungus, (i) a DNA encoding
a protein that has the activity of complementing the phenotype of
a GWTl-deficient yeast, wherein the DNA is a degenerate mutant of
a DNA encoding a malaria parasite GWT1l protein that has a lower AT
content than the original DNA, or (ii) a vector into which the
degenerate mutant of DNA has been inserted, and expressing the protein
encoded by the degenerate mutant DNA,

(2) preparing the protein expressed in step (1),

(3) contacting the prepared protein with a test sample,



(5) selecting a test conpound that decreases the |evel
of dcN (acyl) PI
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(4) detecting GlcN-(acyl)PI, and
(5) selecting a test compound that decreases the level of
GlcN-(acyl) PI.



