SYNTHESI S AND USE OF FLUOROPHORE- TAGGED ANTI MALARI ALS : RELATED APPLI CATI ON
This application clainms the benefit of U S. Provisional Application No.

61/ 221, 30&0 20il@esien June 29, 2009. The entire teachi ngecefsctie/oadraye
application are incorporated herein by reference. BACKGROUND OF THE -

| NVENTI ON Mal aria is a vector-borne infectious di sease caused by
prot ozoan parasites and is widespread in tropical and subtropical regions,
i ncluding parts of the Americas, Asia and Africa. O the five Plasnodi um
parasite species that can infect 10 humans (P. falciparum P. vivax, P.
oval e, P. mal ariae and P. know esi), the rmst serious fornms of the disease
e caused iRl bR A FUORUBRORE T BN IR At at® 11 o
peopl e infected year etweén one and ree mTTTron people, € majority
of -whom ar e. young chi I dren in Sub-Saharan Africa, die fromthe disease.

15Bef ore t@%%ggbggpﬁﬁq) -¥ﬂ5N|g resistant Plasnodiumstrains in the 1960s,

chloroquin e-saving tool in the control of malaria

(a1 oo B ot oftis Boyicalh Bl ok BRf o £BOR 0L it ARplBiBh R0 1T °%
artem si nie1/22as304, ﬁtedgmlnﬁbas,aaooens‘he&nuﬁtém asaifthesbovatapplidatipar asi ti c

forms of the, disease (Whjte, N. J. 20 Malar J, 2008, 7 Suppl 1, S8). The
bi onol eculass incemeried herewy ycFFf@m}"Sm stance between differi ng strains of

Pl-asnodi um parasites and differing types of antimal arial agents are still

poor |y unggxekeROUND O THE INVENTYONRESI st Updat, 1998, 1, 3-9; Bloland P.
B., etal., Bull Wrld Health Organ., 2000, 78, 1378- 1388) The current

armament of appyQuas lsaméamd%ﬁé mfeé&()ugalsha%elchﬁaeh%@ aﬁas%‘é few

targets within the human nmal aria parasite. G ow ng despr ad resistance to
current drangsswsieppread)mmlcd&endemeabmgl@fs ineluding par&loditieal agents that

have new hj ol o .S ntifj.cation.of new.drug targets could
fact 11t at ArpRIk AR o ATioh Oblne Sk Tdmadiansiea metendis: b " con be
di ffigal t humahsem hfbk»parmtpwm}apl swmidfp. Gpﬁil&ﬁb@ﬁn@P%ﬁW!@?l @ nidst t he
antimal arials such.-as chloroquine 2 coul d hel p understin tg drug action

€

and may | eerpusdorraeef the disgasedise equsedhy lPaﬂd@lPG"uHFmC’z Bevivax: Qftheneans to

rapidly i e fi ker

di agnosi ngﬁ%%atglézﬁ ?ﬁéaﬁ‘&g’ﬁe %Fec{éa egh§ Q%chne %}agffﬂﬁ erefore, a
need exi spsople, tﬁemh@ﬁymwh@dﬁaré otxgchilEer hﬂsumsa{a@ﬁt Aftitapdie @ik mal ari al s
within the Pl asnodi um parasite in order to el ucidate new pat hways that can

be expl oi ﬂ@cﬁlf%‘ﬁethe successful treatnent of malaria. SUMVARY OF THE

| NVENT4 ON
fl uor ophor e-t agg 3‘%‘%?‘“ %&&ﬁﬂﬁ%&%@gﬁ%ﬁ@%%ﬁﬁm%g%%?qsr ons,
net hods, clﬂnrmunedlﬂQ)sWasaa Bfg-sasinigaoolakehe control of malaria (Greenwood BM,
et al., Malaria. Lancet. 2005 Apr 23-29; 365(9469):1487-98; Lalloo DG, et al.,
Lancet Infect Dis. 2006; ;6( 12) 780-93). Today, only artemisinin-based drug

. pombmaho_ns can effectlvel_y combat all parasitic forms of the disease (White, N. J.

.20 Malar J, 2008, 7 Suppl 1, S8). The biomolecular mechanisms of drug-resistance
i)etween diﬁ’éring strains of Plasmodium parasites and differing types of antimalarial
agents are still poorly understood (White, N. J. Drug Resist Updat, 1998, 1, 3-9;
Bloland P. B., et al., Bull World Health Organ., 2000, 78, 1378-1388).
The current armament of approved anti-malarial drugs is limited to only a
25 few fargets W1thm the human malaria parasite. Growing widespread resistance to
* current drugs is prompting the development of new antimalarial agents that have
new biological targets. While identification of new drug targets could facilitate the
development bf effective aﬁtimalan'als, new targets can be difficult to identify.

Déterminatioxj of cellular accumulation of the antimalarials such as chloroquine



10 fluorescent-tagged antimalarials. A fluorescent-tagged antinal arial has
been synthesized and used to image the accunul ati on of the antinmal ari al

wi t hi n a wowerawbd1s Fl uor ophore-tagged antinal ari al s carchscae®dodaoi nage
live cells to |ocate the antimnal ari al &/ithi n or on the cell, screen for
drug resi stance and identify growth-rékFated pat hways in Plasnodi um

| sol ates, and identify new drug conbinations and 15 new drug targets. The

i nvention has ny -gdvantages: the fl yorescent .tag.ls.not.radioactive, the
tag is snartiid B oRdsRRdPE drugartonand pi deahio iRt pR PERGE FBEG-
cel lul ar pra@Rsmeee, aQﬂﬁnEMHidWﬂfenﬁ’Fy drhgrésiﬁfﬁi&ii&ﬂleiﬁ‘eldic&ﬂmurté for use

i n - mal arial research . conprising a cournarin-tagged antimalari al,
wherei n t heuicksadiagnesis andiheiadmanistyation of @pproprigtecthematherapye deesforedat o t he
antimal ari t br | i nker . Anat her epbodi-nen . |: ntion is
" compoundiedsisfld eBetoh Meiads to examind e Rler AR A TdnaBlial MRl | ©
connectsed  Plasibgdiuniparasite i bfider td¢l0o¢igite dcwipaieyays\hdt icgh be eXsloitediforther and

| inker are represented by the followi ng structural fornula: 0 O 11N O 25,
or ‘salts tspesful treatment ofmalaEa. enbodi ment of the invention is a conpound

represented-by the follow ng structural -WO 2011/002415PCT/ SG2010/000240 3
formula:, QUMMARY OF THE INVENTION ‘

~ This invention relates to the synthesis of fluorophore-tagged antimalarials
and describes reagents, conditions, methods, routes, and strategies to make
10  fluorescent-tagged antimalarials. A fluorescent-tagged antimalarial has been
synthesized aind used to image the accumulation of the antimalarial within a live
ccell. Fluorophore-tagged antimalarials can be used to image live cells to locate the
antimalarial w1thm or on the cell, screen for drug resistance and identify growth-
related pathways in Plasmddium isolates, and identify new drug combinations and
15 new drug taréets. The invention has many advantages: the fluorescent tag is not
radioactive, the tag is small, and non-toxic, and therefore should not interfere with
cellular processes.
One embodiment of the invention is a éompound for use in malarial research
comprising a éoumarin-tagged antimalarial, wherein the coumarin is optionally
20  substituted and is connected to the antirqalarial through a linkef.
Anotﬁer embodiment of the invention is a compound comprising a coumarin-
| jté‘g'ged antimalarial compriéing coumarin connected to the antimalarial through a
Elinker, Wherein the coumarm ‘and linker are represented by the following structural
fomula: ] o

0
Hy N
0 H N
25 I, or salts thereof.

”

Another embodiment of the invention is a compound represénted by the

following sttﬁctural



t her eof . Anot her enbodi ment of the invention is a conpound represented

by the followi ng structural fornmula: , or a salt thereof. Anot her

enbodi renwoebitdoesisnventi on is a conpound represent ed byctrse26wlobexab ng

structural fornmula: , or a salt 10t hegeof. Anot her enbodi nent of

the invention is a conpound represented by the follow ng structural

forml a: 4 Anot her enbodi nent of the invention is a nethod for the

i dentification of .a target..in.a cell., conprlajng the:steps of exposing the

cell to a quorophore t'agged. antlnalarlal -deN ped;-~re|ﬂ al 'owi ng the

quorophore tagged antlnalarlal to blnd‘to;?f '
ati-makari: b

afflnltyllgand@
target bound to the-mHQLfW fe]
ZfQMuIa:. e A A o C , or a salt
thereof. |
Another embodiment of the invention is a compound represented by the
| following stfuctural formula:

-5 , or a salt
thereof. _
Another embodiment of the invention is a compound represented by the
following structural formula:
. o , or a salt
- 10 thereof.

Another embodiment of the invention is a compound represented by the

following structural formula: -

| , s ,0ora
15  salt thereof.



Anot her enbodi ment of the invention is a nethod for identification of a
target in a cell, conprising the steps of exposing the cell to the

fl uor ophowe-2vagmedsant i mal ari al of the follow ng struct ecalsGhomnmuézan
10or a salt thereof; allow ng the fluorophore-tagged antinalarial to bind
toits target, capturing the fluorophofte-tagged antimalarial bound to the
target on an imobilized affinity Iigand specific for the fluorophore tag;
and identifying the target bound to the fluorophore-tagged antinalarial.
15Anot her. embodinther embadiment;nf tha inyentjon laamtﬁ%fome tfication pfat he

| ocation £ | ophial es: ' ' h il I

conpri si nggr elfnsdtj(tgagé)lé %(}Jﬂf) ﬁ%&igg%f‘sg%ﬂ? Elggigdes ﬁé ttﬁ% cé“ H]%J g}lg%ﬁgé}g Q? gged

ant i mal ar iaatinckbsiat désedbedherein, allowiing sixefhaorgphdre-tagged ahtimelatiel toibiad t he

| ocation of-.the fluorophore-tagged antinplariagl .within o n the cell.
20mnot her i RTESH FPTHANG toe uataapTeoRere antimatainl bound i FestoRgt: he
l'ocati gn GinfobiliAéd PRMeF Bodrddged fie o tHB fabtophottd tht aad Qdertifyidg 8R! |
conprising the steps of. exposing the cell to the fluorophore-tagged

ant i mal ar itafgetdsound do thel flupxpphpretagged antihalagalul a: WO

2011/ 002415PCT/ 10/ Q00240 .5 or a.sal.t therepf: .an saylng the cel
to determne t r@‘%‘g%fae{‘?a"é’g‘“{}%tt"ﬁé‘“*f‘nnﬁ r OSH%Pg}"’t%éo gé)a “geﬁl?l Pg’%fogirolfgl w thin or
on the celthrgefine d¥ll] Cormpaiialy theisteps bf EXposinguBatéldo the fhuuttphor-taggddod of

preparing a fluorophore-tagged antimal arial represented by the foll ow ng
st r uct ur alantimalagiakef the following structural formula:

=+

10 » : - ' or a salt
thereof; allowing the fluorophore-tagged antimalarial to bind to its target, capturing
the fluorophore-tagged antimalarial bound to the target on an immobilized affinity
ligand specific for the fluorophore tag; and identifying the target bound to the
fluorophore-tagged anthnalaﬁal. |

15 - Another embodiment of the invention is a method for determining the
location of a ﬂuordphore-tégged antimalarial within or on a cell comprising the steps

- of: exposing the cell to a fluorophore-tagged antimalarial described herein; and
assaying the-éell to determine the location of the fluorophore-tagged antimalarial
within or on the cell. . ' |

20 .Another embodiment of the invention is a method for determining the _
location of a ﬂuorophore—tagged antimalarial within or on a cell comprising the steps
of: exposing the cell to the fluorophore-tagged antimalarial of the following
structural formula:



Cl , or a salt thereof; said nethod conprising the step of reacting a
conpound represented by the follow ng structural fornula: 0, or a salt
t her eof , wot2h1ian2asti mal ari al represented by the 10 fol lpowisegosionazsad ur al
formul a: , or a salt thereof, thereby formng the fluorophore-tagged
antimal arial . BRI EF DESCRI PTI ON OF THE> DRAW NGS FIG 1 is a graph
showi ng t he ‘concentrati on-dependent accunul ati on of 15 counarin-1 abel ed
chl oquU| ne (CM.CQ in .different cellular Ccopartments. in parasite cells.
FI G 2is a graph ShOWI ng the ICso for comﬂacu a chl orﬂqw ne (CQ,
¢ Parasitized

cul. tures were |ncubat ex:l f‘ ) Wi "' ntgati ons of the
t est - conpounds gald N T A\dei# r"m ne usi ng Hoechst
stai ni ng and fl 6w anal y s\ ,' :‘is agraph show ng the
dose- dependent study . chl or oqw ne S ‘*ffect ‘o JC1 1 oss (black line) and
CaspaTag stai ni ng (grey-" ine). Para3| rzed. cultures wer-e i'ncubat ed for 8
hours with different concentrations of chi orqu| ne. (n=2) FOEASAli s 3
Synt het | ¢ (éoiEnd alsa il B0 dapeMRfliRkhe MG ofthbSlydrophiBidiakbé Scheme f or
Conpound 8. FI G Is a synthetic schenme for Conpound .

antlmalanal within or on the cell.

One more embodiment of the invention includes a method of prepariﬁg a

5 ‘ﬂuorophore-t_agged antimalarial represented by the following structural formula:

. , or a salt
 thereof; said method comprising the step of reacting a compound represented by the

following structural formula:

N , or a salt thereof, with an antimalarial represented by the

10 . Efollowmg structural formula: -

, or a salt thereof, thereby forming the
fluorophore-tagged antimalarial.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1i is a graph showmg the concentration-dependent accumulation of
15 coumarm—labeled chloroqume (CM-CQ) in different cellular compartments in

parasite cells.



FIG 7 is a synthetic schene for Conpound 16. FIG 8 is a graph

showi ng the effects of chenbp-sensitizers on coumarinconjugated chl oroqui ne
(CM CQ awounulme4ion in Pl asnodi um fal ci parum 15 par asi PE€3/SGReaoa0edo e

obt ai ned by flow cytonetry. - FI G is a graph showi ng the effects of
cheno-sensiti-zers on coumarinconjugated chl oroquine (CM CQ accunulation in
Pl asnmodi um fal ci parum parasites, obtained by spectrofluoroneter plate

readi ngs. DETAI LED DESCRI PTLON.OF, T INVENTI ON. 20Mal ari.a j.s..an infection
of red bl ood ce#@'-%?ﬂ%@%@ﬁgq 8%%?&%8%?’% Mal ari a
parasites ésuendrind(CM) dndesduliaringabel&l AeHBEENE SCNREQ)] PaRsitizéd EulR@EaS t es
mul tiply wthin red blood cells, causing synptons that include synptons of

aneni a (| i WHte ineubated fox4’ heyrs withagsions cancentrations afthedest gpmpounds apd) | as

ot’her genegal.. s 8 2 . T Oef e i , . chills,
nausea, th'fh eﬁﬁﬂe [ ngg‘tsﬁf%gtﬁgm}nﬁgg%\i}g?g)e?g%gs, c%%;ad gﬁ‘g H{é’gﬁt{%.c The
| i fe cycl eamlyseml ari a parasites in the human body starts when a nosquito

i nfects a perso takin bl oo al ., Next, sporQzoi tes enter the
bl oodst r eam anﬁl&rég‘? étgéapg‘é%PWénﬂ G Pse-dqwggdqnﬁﬁt@gy O?F]?)@F(’%‘é}el %ef}e‘:t
hepat ocyt n 1 ' ' : b liver
(hepat ocyt &5)G-1168 (ma&@ﬁﬂe)%hwﬁgﬂamwgmaﬁ Péaf)agﬁg& Sulh2Es

cells, and escape back into the her, nmerozoi tes infect
red bl ood weseliscubated fer § hays skithaliffprenttoncentragiohwofiehlotoquinet (nsBhozoi t es (a

f eedi ng stage), en_schi Onts%w tj.on sta , then back into 7
mer ozoi t es. Sexﬂg‘{?%flf)?ﬁ%“ﬁ%tﬁsé’& S '#@5 gwoﬁ?(g@'produced, which, if
taken 10p by a nEIEHSii§ @ synthétic dchéR6 forlCempsimd® and continue the life cycle.
One enbodi ment of the invention is a fluorophore-tagged antimalarial. A

"f | uor ophor e- t &J§e inasynihetie scheme for Gorpausdddd t hat i ncl udes both a

fl uor ophore an 1 ' j et f I uor ophore-tagged

antimal arials gﬁ@gﬁﬁ%@%ﬁbﬁ%@%ﬁﬁﬁ& date prom sing targets for

t herapeutic dr Ug&. 8hisia griphahewitly the affepteaf chemongbasisizers dngudbrihhe

physi ol ogi cal rol.e, of gto%r el ated pat hways in unicellular organisns. In
par t i cul arcoriugatsdchloroaing ((MrGQ) argumulation i Bfasmedim fadeipgrrst udi es of

ant i ari . | ' f ets and growt h-rel ated 10

pat hvrrvg;s. pé%%g(resgp g?ﬁ%g‘g%’élggr??iﬂﬁg{%?%?@can al so be used to understand
mechani snms of dilGg9nes gsiphshewing tht effeniciofichempesensitizers ongaumadod ar, t he

I i i on, ’ . ..
9Ca ' zat Icco)n]ugated chloroquine (CM-CQ) accumulation in Plasmodium falciparum

parasites, obtained by spectrofluorometer plate readings.

DETAILED DESCRIPTION OF THE INVENTION

20 ‘_Malal:'ia is an infection of red blood cells with the singlé—celled parasite
| :Pl'asmo'diu‘m.i Malaria parasites are tran.smitte'd.by female Anopheles mosquitoes.
‘The parasites multiply within red blood cells, causing symptoms that include
symptoms of anemia (light headedness, shortriess of breath, tachycardia), as well as
other general symptoms such as an enlarged spleen, fatigue, fever, chills, nausea,
25  flu-like illness, and in severe cases, coma and death.

The life cycle of malaria parasites in the human body starts when a mosquito
infects a perSon by taking a blood meal. Next, sporozoites enter the bloodstream,
and migrate to the liver. They infect liver cells (hepatocytes), where they multiply
1into merozoites, rupture the liver cells, and escape back into the bloodsﬁeam. Then,

30 the merozoités infect red biood cells, where they develop into ring forms, then

trophozoites (a feeding stage), then schizonts (a reproduction stage), then back into



of the | abeled drug may be predicted to be different between sensitive and
resistant strains. By extension, this difference in fluorescence between
sensi ti vewQhloglnot418or escence) and resi stant (| ow fl uor ePCESGR)109D02d0 NS
allows the use of the labeled 15 drug to identify other drugs that reverses
resi stance by screening for such drugs7‘terned chenoreversal agents or
chenosensitizers, in the presence of the fluorescent-tagged antinalarial

that result in hf—%% rescence in resistant parasites, used
herein, "fMGB8HfHPEX °r31s AuRstopYtes A ORIPENCRA,; ‘(fh‘cb’dﬁ%@ 8P nol ecul e

to be fl Uoﬁfﬁﬁﬁﬂ&mtd bl nRof B Gl cBRANER hP1ife GiecUl  which wi | absorb

20 energy of a speci fic. wavel ength and re-emt enérgy at a different (but
equal |y speC| fi @pembedmagt hfthfhmmmoI!Ma ﬁmtopkme#@@dhnnﬁlalahal editted

energy de th the f1 phore and t ronpent of the
quorophoP‘gﬂ]uo ore a ﬁ‘!g et uan l%%?%?%wdggﬁtdﬂglgd‘?st O(t:l%\ﬁ\ﬁﬂgr gegr& duri ng

t he 48 shoudr afaﬂhmm hﬁnayct)ee of Hublophérettagded, anﬁﬁﬁlé?ﬁls%?@hﬁti&?&téd y imaged
inlive cells, and_ has high fatigue 25 strength. Hi gh fatigue strength

refers to MOt pRYFNGidaje promiping targets fetherapeuticaimes, n’ealgfemabtpsa(>48 hour s)

oot ochem B5p EEbidfilud dhOBRA AL RS Bl AR RN,

bi ol ogi calmycellumrtorgammbmmdn@hﬁrcmlarmalanx r&eﬁx@hﬁﬁdl@dds&emaaﬁmbﬂmnoﬂ' hus,

cellular r onses to.th or ophaqr e- t agged Iarlal shoul d be
attribut abﬁ 1esoh aptimalar F“é F@F@Bﬂ‘b%&ﬁ‘gm@maﬂ pelatedi ¢ enbodi ment
t he flmorqﬁm@sl FIERYPRIre Fagobd HABNA L %@%&ﬂt Bdhd IB.g&nhO' | owi ng
structural fornul a: 20117002415PCT 862010 000240 8 rivatives of

coumar i n anechanisms o datgdsistEnce imxRlnphedivmrspesed sini pacticaldrcthh )lmhahgatwno n a

[ b b
| Ona ky ot B AR e By B bl e be e, R veprt sty ansisiho, or
di (G - C6) &h&ﬂsaﬂﬂyf&mﬂéﬁﬁrﬁ’hmlmﬁbn@@inﬁﬁ&%&%eB&@eér@m%)v@kllﬁgﬁy 5 in any of

t he preceedi ng groups. may be optlonally substituted wth hal ogen,
(CI 08) al kdluprescpncepapd resistant (Icwdiuoresceedel ytrgins allovanthe use of the etedc

mbodi gentg t | th
embodt rent i RECE o SR b S lo R Ser A or b T s oo
modi i ed . tternedrheriordvessal agentsaitvhemoseisitizess, HOEPrdsBnde@fitiefladtbdcend-ari al 10

during the synthesis of the fl uorophore-tagged antimal ari al. For exanpl e,
t he subst it wéﬁ timnglarial, that pesubdaibighainarescenes inmesisfgnfinseasites-t o form t he

| (Ge) scoor, - (SHEF RN BuBiohfonTidh colpbhly o e WhERERRERL L ogen

on a car bmmnlamﬂmtafmwﬂlhmemhls i i atfenctivnalbgroupjn #motsculzstitich wilh absveb

enbodj t he fl uor.gphor 15 coumarin substjtuted with di methyl am no
and - C&ﬂgy ofa specﬂqg wavglength and re-enn;% energy at aciléf ent (but equally y

'spe01ﬁc) wavelength. The amount and wavelength of the emitted energy depend on

...

both the fluorophore and the chemical environment of the fluorophore. A
fluorophore can be selected because it can be used during the 48 hours erythrocytic
cycle, is photestable, can be continuously imaged in live cells, and has high fatigue
25  strength. High fatigue strength refers to the longevity of fluorescence over long time

periods (>48 hours) and non-destruction of fluorophore unit either biologically or
photochemically).

Certain ﬂuorophore tags, such as coumarin, are biologically inert and
therefore non-tox1c to malaria parasites. Thus, cellular responses to the fluorophore-

: 30 tagged antlmalanal should be attributable to the antimalarial component.
In a specific embodnnent the fluorophore is coumarin. Coumarin is

represented by the following structural formula:



I n one enbodi ment of the invention, the coumarin derivative to be

I ncorporated into the fluorophore-tagged antinalarial is

7- di met hywearmngweusar i n4- aceti c aci d, which is representet/Sopotoneoiol | ow ng
structural formula: , or a salt thereofy, 20

7-di met hyl am nocounarin-4-acetic acid i's known in the art. See Goddard J.
P.-and J. L. Reynond, Trends. Biotechnol. 2004, 22, 363; LimN C and C
Bruckner, Ch Cojaqun._@004, 1094; Trenor S. R etal., Chem Rev. 2004,
104, 3059_ gtal ., Inorg. Chem 2005, 44, 2018; Goncalves, M S.

T. Chem Re , 190.: 25 7-di met hyl am nocounarin-4-acetic acid has
many suitab es iqncl.udi ng 9 photophysi Cal activity (Jarzeba, W
G C etal. Ph S. ChemDeny choww)areqeematedoﬁmﬁw %Iaexander

M D., et ghbstieis bardn D.
Seebache §1|1bst1 ChlfrnB % 195@95#05%%@?#5%@&? %Sh#:qbq 'ty ’(Souto A
A, et al. T\KW CONC -CralkyBcamifing(C; - Clé)ﬂﬁyl @b-CZ)M)(y, (C;- Fl uorophores

ther th th t fofl h
oL her L hancoRty o ARyt et B R a e A o
OEt 5 iffmlyfdflﬂlw PrRO@uda @'b@p/semﬁ}"‘ﬁe Bﬁndmﬁyfshﬁéiltﬁ@dfm@ 'ﬁauég%he(éoupl ing of

the fluorophore to 15the |linker and/or the antimal ari a

f 1 uor ophor es%gEBLHNMN O @OHICORT Hdialio1): on 62Y. i In aspetific eirlhmdnnq:ﬂtpr eis
referred t&MlSE%ﬁHtWVﬁ gﬁggﬂ@ﬂm.ngl arial." One enbodi nent of the

I nvention Is a conmpound C rising coumarin-tagged antimal arial, wherein

the coumarin i shrmmﬂmnainlbydﬁndns,tthé w&dmeﬁﬁcﬁwkb@ﬁﬁf@ﬁ%@llnﬁ&%ﬂs

connect ed 0 the i.mal ari al
gh E)e moﬁrged to connect the ﬂuorophore such as coumarin to the antimalarial

- 10 ; dunng the synthes1s of the ﬂuorophore-tagged antlmalarlal For example, the
 substituents that can be m(_)dlﬁed during the synthes1s to form the linker include a

carboxylic acid (e.g. -COOH, -CH,COOH, -(CH;),COOH, -(CH,);COOH,
-(CH,)4COOH, etc., wherein any of the substitutable hydrogen on a carbon atom

~ may be substituted as above) or an ester. In one embodiment, the fluorophore is

15‘ coumarin substituted with dimethylamino and -CH,COOH.
In one embodiment of the invention, the coumarin derivative to be
' incorporatedginto the ﬂuorbphore-tagged antimalarial is 7-dimethylaminocoumarin-

4-acetic acid_’,-whic':h is represented by the following structural formulé:

O , or a salt thereof.
' | 20 ‘7-dimethylaminocoumarin-4-acetic acid is known in the art. See Goddard J. P. and
J.L. Reymoﬁd, Trends. Biotechnol. 2004, 22, 363; Lim N. C. and C. Briickner,
‘Chem. Comniun. 2004, 1094; Trenor S. R. et al., Chem. Rev. 2004, 104, 3059; Lim
N.C. et al., Ihorg. Chem. 2'005, 44, 2018; Gongalves, M. S. T. Chem Rev. 2009,
109, 190.

25  7-dimethylaminocoumarin-4-acetic acid has many suitable properties including:



20 through a linker. -10- In the fluorophore-tagged antimal ari al,
the fluorophore is attached to the antimalarial (as described bel ow)

t hr ough awbi2nkien2418 f orm t he fl uorophore-tagged anti mal aciralG20i0eod4o nker is
a coval ent bond, or an al kylene group, i.e., -(CH2)"- where x is 5 a
positive integer (for exanple, from1-Po about 18, nore specifically

bet ween 1 and about 10, or nore specifically between 2 and 8, or nore
specifically between 4 .and 8.) Any substitutable hzldrogen on a carbon atom
in the |inker nplotephysigtiactivity Garasha, Wi 6, COet alindePhyeNCham998, 92,

COoQ( G - Coal kyl ) 3% no, (G --Co)al kyl, (G -C6)al koxY, (G -C6)alkylam no, or
di (G - Co) al kyl am , Wherein the (G -C6)alkyl and (C - 10 C6)al koxy in any
of the preceedi fph-GrotoRIitFeXIREndtR M .ADAk} ¥, THembidcHER 2006, I, 408)0gen,

(G -Cp)alkoxy, COOH, COO( G -Coal kyl), OH N2 or CN. In addition, the

car bon chai neofsmalksiz¢ (riteve G.i Bkgﬁeb@dh Hedv.dphimo detd 199808 braddAdeadwi t h one

or nore groups includi.n | kene, al kyne, phenyl th i,oet her,
ani ne,%( Cl - 86)‘3{? ?Oi lﬁ%’iga\%ﬁ§'-&f§?lk ”§Fﬁ”n§{?e’%s’f%g?",d- ﬁflﬁlgigs%ge?ﬂ’ ani de or
carbamate. I'n ag-ﬂlbhspeci fic exanple, the linker is an alkylene group that
is interrupted with one or nore am de groups. In a particular exanple, the
al kyl ene group is interrupted with two am de groups. In a particul ar
enbodi nent, th ' ' i A fornul a:
222 20, whordphfire fuehiTaihat, b b b DO el DOV T
2, or 3, wfifkiotgpharsd thét carkBe Mtofpodated® irpd Guoroghgrenagged lantifdabarialD, S, or NR
wherein R s an al kyl group, an acyl group, an aryl group, a cycl oal kyl
group,%r 1%F’h‘l&‘l’::erocycl e group. Alternatively, R can forman aryl group, a
cycl oal kyl group or a heterocycle group with another carbon atom 25 w thin
the-linker. Z1 and Z2 is independently 0, S or H2. In a specific
enbodi nent, the linker is represented by the follow ng structur@® fornula:

Rhodamine Hydroxy Protected Fluorescein

Spirobenzopyrans

* Diarylethenes

Spirobyrans
(o]

Fulgides BODIPY - Fi

The fluorophores above can be modified to facilitate coupling of the fluorophore to
15 the linker and/or the antimalarial.

» | A ﬂuofophore-tagged antimalarial inciuding coumarin as the fluorophore is
referred to as a “coumarin'-fagged antimalarial.” One embodiment of the invention
is-a compound comprising a coumarin-t.agged antimalarial, wherein the coumarin is
optionally substituted, as described above, and is connected to the antimalarial

20  through a linker.



The synbol indicates the point of connection to fluorophore and the
antimalarial. Either the fluorophore or the antinmalarial can be attached to
ei t her thwol2eftioosiide or the 5 right side of the |inker. pAmgGaeiombesat abl e
hydrogen on a carbon atomof this linker may be substituted by hal o, OH,
NC2, CN, COOH, COO(C -Ceal kyl), ami nolq<Cr C6)al kyl, (G -C86)al koxy,

(G -cC6)al kylam no, or di (G -C6)al kyl ami no, wherein the (Cl-C6)al kyl and

(G -C6)al koxy in any of the preceedi ng groups nay. be optl onal |y substituted
with hal ogen, (Myth @é)lamp bosg-taggadian n@@%{@l%amyp hore @ pttached th In a

eci fic A
SPect 11 SERSHIRRos GRUTRID BURNEE MER ol AR AL Y
groups selantitmtarfal.om (C - C6) al kyl, optionally substl tuted with hal ogen,
G -C6)al k : fi.
(0GP al koxy. (ot 003 CaRorheH b an lky1e5e giipms .o CFHE)" Grert
partl cyl ara;%m%llﬁﬁ@ér (fér & ahiplth Fond Bto WBuZ@Q%Q%%?&éBSZﬂy&Q@Qé&/ PEP40 - 12

N, or salts thereof AS used herein i mal ari al or

"ant i mal arabght h(bwpmdSpmefmaHybemamd &QemW@SReptﬁ&allbbetwﬁ@vénnd mal ari a

in a pati arl onpou ( may be
in devel ogbéﬁ%tnyfs Sr}it %E 3?05?% rr% onr%gmégkﬂynezl\%mﬂ(e%m% %gg%gn mt‘%rl al
properti esiald)@H, fNitDZ,l(SIQCCOOH mm(talocaaalkyyl) aming YChayrlial (amkla)amng fect in
addition to killing the parasite, n-t herapeutic _uses _of antinmalarials

i ncl ude nmdCanGedalkylaming ehdl(%x(a?pbalké@mwoﬁlwb?rﬁm the (Gi- Qsm e Qui ni ne,

v e hagep RS Ry 0P e pEL AR rbund WA QU USIBAY eRReq IR 2l e
pamaqui ne: halkfgep,r(ﬂmtu)alhm;y, 630@]%;3@0@(61 (ha]ky})EtDHeNOzaxrtQN;u rhma@dltlm,t eni nol ,
el | ndany it carbor Sigig of g lsSiehe skt G e OB B vihERY Pt o anc
i nvention mcﬁ-@ s%él@&m%ﬁﬁ'all&hé UWBSmR! ShedienBBdtRér! ﬁahoe@l%{%%iﬂ ¢hat have

been rmdlfled as conpared to the antimalarial. For ex an antimal ari al
can be deﬁewkylammw dl(Cm@a)ch»rlanmoaesl@, ﬂh@ﬂﬁ@aﬂmndmoepgrbamats e

h h bax
T condSor SRk Sarie g HBkESY s eSeP8 RSSO P o BB "
deri vati Z@.ﬁuﬂ@%{ POVE DpatQiThCedaniph, Bie/alRyIRAE Bouplis inféniptdd with 8w al such as
ogen,

a hydr oxyl a carboxyllc acid, an ester, an al koxy or an al kyl or
any . amide groups.

Ina pamcular embodiment, the linker is represented by the following

HHH*@%

s, and t are independently and optionally 0, 1, 2, or 3, wis 1, and X;, X5,Y; and Y

'structural formula

20 , Wherein each r,
are independently CR;, O, S, or NR, wherein R is an alkyl group, an acyl group, an
aryl group, a cycloalkyl group, or a heterocycle group. Alternatively, R can form an
-aryl group, a cycloalkyl group or a heterocycle group with another carbon atom

.25 :wi:thin the linker. Z, and Z, is independently O, S or Ha.

' + " Inaspecific embodiment, the linker is represénted by the following
structural formula: ' ' |



conmbi nation thereof. An antimalarial can also be nodified by, for exanple,
by 20 shortening or |engthening alkyl groups within the antimalarial to
forman wotbmmelasisal derivative. Chem cal noieties canrbe/sedawdponenoyed
or nodi fied i ndependently of each othe Specifically, the antimalarial is
chl oroqui ne or a derivative thereof. d‘n‘l oroquine is represented by
Structural Fornula | and a derivative of chloroquine is represented by
Structural. Formulgql1: WO 2011/Q02415PCT/ SG2010/ 000240 - 13 - fromis H,
(G -06)41kyl, hal qyCl-C6)al kyl, (Gh-C6)al koxy or (Cl-C6)cycloal kyl; and R4

is H_halogen, haljpal kyl, hydroxy,[[CN or NC2. R2 and R3 may be used for
at t achnent ~ [ nker fluorgphore, 4n one enbodi ment of Structural
Fornula I3 NS ¢ R3 aches to a linker; and R4 is d. In

aspeC|f|c 5 e lerrerH of E§trHucturaI Formula 11 R is H R2is ethyl, R3
attaches to a linker; R4 is d; and n is 2. Wheradd,ls,amd\tm ant i nmal arlals

conmpounds t est bI I.sh g, r| al properties are al so
cont enpl atlé‘%cpe‘f# bﬁ'ﬁ‘g (ﬂag/b ‘hose rel evant for understandi ng of
nutritional requir rrents and Si gnal ing events within the parasite. 10ln a

specific %%Psa 8%8«- Wuﬁé}hb Abr3phors afif WlPYriidl yEd

chl or oqui ne, t rein the counarin s optiona
subst i t ut iither the ﬂdomophopaoxt uhe ahmmahnhbdmrhemnaolﬁedt toeithavthaldfoside dinthe

o 2 A0S SR Rk S GRUSIERS a8 ok kb ST o Ponat 1
0.°1. 2, Qhaybe substituted by halo, OH, NO,, CN, COOH, COO(C1-Csalkyl), amino, (Ci-
o Ce)alkyl, (Cr-Cealkoxy, (Ci-Cs)alkylamino, or di(C;-Cs)alkylamino, wherein the
:(Cl-C6)a1kyl and (C1-C6)alkoxy in any of the preceedmg groups may be optionally
substituted w1th halogen, (C;-Ce)alkoxy, COOH, COO(C;-Csalkyl), OH, NO, or
10 CN. In a specific embodiment, coumarin is substituted with dimethylamino. Any

substitutable hydrogen on a nitrogen atom may be substituted by 1 to 3 groups

- selected from (C;-Ce)alkyl, optionally substituted with halogen, (C;-Cg)alkoxy,
COOH, COO(C,-Cealkyl), OH, NO; or CN. In a specific embodiment, r and t are
independently lor2ands is 2 or 3. In a particular embodiment, the linker is

- ’,f/lkﬁ/\/ Y;r"

- 15 . In a particular embodiment, the linker is

rr{/\/“\“fﬂi

. In a particular embodiment, the linker is
o
- | H
~ . o, -

In a specific embodiment, the coumarin-tagged antimalarial includes

coumarin and linker, which are represented by the following structural formula:



I n anot her particul ar enbodi nent of the invention, the coumarin-tagged
chloroquine is represented by the follow ng structural fornmula: , or a salt
t her eof . Wwbuoriapbkase tags for use in the invention, suclkcasceowmvarin, are
bi.ologically 20 inert and therefore apgzgel | ul ar response shoul d be
attributable to antinalarial attached to the tag. As seen in FIG 2, the
counarin-tagged chl oroquine (CMCQ has activity conparable to chloroquine
(CQ. The similarity of the agtivities CQ and CMCQ al lows for |ive inmaging
of -cells-to deternine cel lulai | ocalization (FIG 1) of the drug as a neans
t o under st and dr g\rb tiongan si stance in Pl asnodi um 25species. - 14 -
Anot her enbodi mery "{\h[g rMv jon is a nethod for identification of a
target in .a cell, '&)npri ing t Rteps of exposing the cell to a

f 1 uor ophor e-tagged antinal arial déscersalisitiessodi n, al | owi ng t he

fl uor ophor e-t agged. LAl a2 ind to j.ts,.target, and capturing the
fl uorophore-tag%g .S%{“%rgn%r aria a]%oagn tthlmg‘b‘EPoW%t I’i“e@P‘%ﬁ affinity
li'gand (i ncompmiidiisedtb téat bt prevémBlaidPRc pdtient. OAn bhemhlaHET QRiPRAAIL 29; and

identifyin ttlt}e t%t%et bound to the fluorophore-tagged antimalarial. The
affinity |§‘§¥ g uiefhgrepeyficatly, Bavihe inslevelopmentfor thesapautio nsgs meayche As

used hey ei Bnovh tolBWE GhtimhBiri ' ' . ich the ‘
antimal ari aI0 bi r?ds-. A ta?%reltmqlﬁ-ﬂgﬁégghﬁe té’%%# @%Ey%é)%l%%ﬁ@?y te}%vzeyar%&
recept or awrknensiffegtinadditioprtokdling thepardsite.C NeaitHerapaitighabd 6y and nenbr ane

mol.ecules. .. . An i bilized affipity ligand is used in a pull-down assay
whi ch al s;o?ﬁur%ql?fbaz%mﬁ £ malar ﬁ?SS?FﬁBO "éfﬂl’g‘?s %apﬂmafayla&m@#ﬁ% gunishy is a
chr omat ogr @pviquond ichRfloqtfing @PAbAdn IhrO S e8] draduill:, S .hased on a

hi ghl y- speci fic_biol ogi(gﬁlilnt.g?acti o%_?&ch as tﬂég’tuﬁ%et ngﬁug%fi gen and

ant i body, Rmmeteaning, siphadexine, proguandl, mefloquine, hainfatrigerimagpinej f i cal | v,

targetyy of "!aggi] Jal s, can, be identified.or confjrnmed by the use of a
fl uor ophorpergﬂ ?g"g‘%% an ?g&%ﬁafﬁ?%?e%% ?GSHW@’(?&%H‘“H%]S e(f%’i‘tﬂﬁe’anti bodi es

di rect ed aljhydrearténhisining piyppiquinkg srtectid, doxydpelieOmaIdlingsmydig, St eps of
exposing the ce|l . to t.he fluorophor e-tai;ged_ant imalarial, allow ng the

f | uor ophore-ta alatipl Aerixptives arealpginshuded imthe inventiono Antimalariajet |

turi f : 8-} ag AN, ' bound_ to.iLs target,
on”an | meRp T by RIS FobARERS Y IR BlornpgltBY S BBhard 8. S
i dent i fyi rgtitriabariabr Bextexampted ah antitalafihluan GelierivatiAd36 thadfidrarlaar i al .

15  chemical mdiety into the ahtimalarial such as a hydroxyl, halogen, a carboxylic acid,

. an ester, an alkoxy or a alkyl or any combination thereof. An antimalarial can be
‘derivatized té remove a chemical moiety present in the antimalarial such as a
hydroxyl, halogen, a carboxylic acid, an ester, an alkoxy or an alkyl or any
combination thereof. An antimalarial céin also be modified by, for example, by
20 shortening o‘f lengthening alkyl groups within the antimalarial to form an
antimalarial derivative. Chemical moieties can be added, removed or modified
independently of each other. Specifically, the antimalarial is chloroquine or a
derivative thereof. Chloroquine is represented by Structural Formula I and a
‘derivative of | chloroquine is represented by Structural Formula II:

| HN: f R 2

Ci -l K—\\ HN /R

WA N R4 — N

, N— - — ) n \ s

I | N R
o I

25 , and salts thereof. In

Structural Formula I, nis 0, 1, 2, 3, or 4; R!, R? and R® are independently selected



In particular, imunoprecipitation (IP) protocols would begin by treating
live infected cells (incorporating a Plasnodi umspecies) wth the

counmar i n-weggado2asanti nal arial. The cells are washed wipCh/sB2iW/obazith er (t he
medi um used for |IP protocols), |ysed i? t he presence of protease

i nhibitors, and sub-cellular fractiona %él. This entire process would be
nmoni t ored. by fl uorescence spectroscopy to nmninize the loss in the

TAP- | abel ed. . U § | . hSel at ed ~cellul ar fractions
are then's grgjﬁ{elg?gééf 0 6%?9& m@&hﬁg lb@g%ﬂéﬂﬁ@( ﬂrg(édgr:é()ﬁ)gxckﬁﬂﬂa&f"ggar ose 30
resin. Cal RbisHj lmisgenf halbalkylyhydrosly,0CN ob G0 RIUGHTE Mgy Budeaithr engi neer ed
and native @/ tens, thfii catiirhg that the method can be used to isolate
specific pf °§1nﬁ§t toithe linker ps luopaphers lp opne smbgdimeant pf StrustumbBorgaplad r om
l'ysates comt R i FOR 2is eyl it Ohth Hesctg'ltlﬁﬂ%r;%d R*PUEN n a specific'Ne | P method
provi des advant ages as conpared to the brotin-strepavidin nmethods as one
can ef fect embodimephefditiucturel FormeilaHR is He RGioethyln R ntadies 1o 4 iakert Rt resin
by el ution, V&lt h (pﬂ 0;) nmM 7- di.net hyl am nocoumnari n-4-acetic acid i n phosphate
buf fer (PB’§) of % 5 " loading buffer. This allows gels to return

| nTnunopr eci pi t B #iditRinttb @nfifalirfalk) BémPEEHHg WAkt EstHRsREE dntndlaifr act i ons
(as commonl'y seen in biotin/streptavidin procedures) or anti body '

cont ani nat PXORETHS? argialsg qoptamplatedn Fheseicompounds mayhe tfose relevast fos t o rel ease

their protgj 8o]qle at | 0of .10 eluent to 20-50 pl by neans of
spin con c'eﬁ%dr%gt?@g M%ﬂlﬂg&% %%gn%gtﬁg{/‘% glgggllm%?’?‘eﬂ] s ‘??@F‘E?Eﬁ &?Sl%f ter
checkilfig t he printaspecifioritbudihyntsareidrophgiclrgitimataidl ¥s dubtarin-tagged
coumarin-1 gbel ed fluorescence, sanples with greater than 10 ng/ or
protein arioyegyas ofgsall thereel; wherein thesowmarn ioptionally substimated. west er n
bl-otti ng using et SRy i e el SThe fl uorophore, such
as coumarin, nalgl/ﬁgpeﬁg%]dli mmnggﬁféti ty-%@&oreségﬁ&?fnﬁﬁl.&%@ Thus, in

anot her erdbdatpquine isgepresentedibne thei folowingestractura formilagged anti mal ari al
conpound is used in co-inmmungpreciptation (co-1P) studies to identify

bi onol ecul es. Met hods of perfoxm pg cp-i munopreci pitation experinents are
known in the art. Repreggnyaliti ye\eyahpl es of co-IP studies are described in
Hughes 20 C. &\ ,H al — Angew)-ghem Int. Ed. EngL, 2009, 48, 728;

Rodri guez fAe,t N_,0J. A Chem Soc. 2008, 130, 7256; and Al exander
M D., etal., Gh&nbiochem 2006, 7,409, L eachi ngs of which are

i ncorporated herein by reference. As dé’éégﬁérﬁ%‘%\of’?‘gxg&ﬁ%ﬁ the cell to the
f 1 uor dphonedepandpntyand optibmallyed,"1, Ppa@ds the cell and the fl uorophore-tagged
antinmal arial are ;%tgsent A rljthe sanme 25 container or in the same sol ution
and may come HH‘GB fft RACticu &%@%@M%@We@%ﬁmﬂ%@égged

ant i mal ar-icgloré r@%g@gﬂ; - ﬁg.gglttila.anti mal arial, either in
sol ution or oégﬁglhésjig?lé% t'(t) t edﬁglﬁ)l'ltl%@;elgﬁgg#gr%se O cultivate the cells.

The fl uorophore-tagged antimal ari al =‘«\ be added at any tine during the
cul tivation. For exanple, the fluorophgfeytaggeeh ant nal ari al can be added

H
t»o‘}the EHNf_/—N ,v/-r \

_ . , or a salt thereof.
Fluorophore tags fdr’use in the invention, such as coumarin, are biologically
20 ‘incrt and thelfefore any ceil_hlar response should be attributable to antimalarial
attached to the tag. As seen in FIG. 2, the coumarin-tagged chloroquine (CM-CQ)
has activity comparable to chloroquine (CQ). The similarity of the activities CQ and
CM-CQ allows for live imaging of cells to determine cellular localization (FIG. 1)
of the drug as a means to understand drug action and resistance in Plasmodium

25  species.



30 nedia before the cells are added, can be added at the tinme the cells are
added, or can be added after the cells are added. The exposure period can
be the emwonreitdopasof the cultivation of the cells or caoThe2enombezabd er
period than the cultivation of the cells. - 16 - For exanple, the

f f uor ophor e-tagged. anti mal arial can bd4added to the media before or when
the cells. are added and left. in the culture media until the cells are

harvested, Alternatively, the fluorophore-tagged, antimalarjal can be added
after the cel | Sngther emhodiment of the inyentionds a@f?@?ﬂ@é@%ﬂﬁ%ﬂ%ﬁf@s, 30

m nutes, 45 0:AutLs, Be n%% 6 hours, 7
hours, 8 ﬁ%&fgﬂs@%&ﬁ’oﬁo}g:, 1(?%%& ’E'bﬁx;h%gu s,é%ﬂkﬁggﬁggoﬁg%g?ﬁ 20 hours,

24 hour s, agimalaviabdesdibdiherein, altowidg ithoe flgoraphare-tagiied entimalaviel hind tde

fl uor ophor.e-tagged. anti mal arial can be added. after .the.cells are .

Cymons ot S8 sBRoRs g B riondir BeBSE it pornd ok fnrBfSty

Synchr gni zatabfity igma Htdesobilgéd élfred fofm P cfor eI fRidréphoby taghami zat i on
to select for ring-stage 10 parasites. (See Lanbros and_Vander berg, J.

C.,
P. (1979) identifying fhegprestbaonmdl tg she fluorephereitageed antimalagial. oTheffialy ar e
I ncor pora 'n p C e e can be ended by renoving
t he nmedi atlég%&r:?%ﬁ% ce%@géﬁéf%%#éﬁ%ef\}v&%g@%ét hat does not contain the
f | uor ophor e- t aggaed htiei h&tirgét” islthe bivlpgisalrmolecule te whickehend upon t he
| ength of  tine needed to achieve a biological result such as cell death.

15As used2Wmalapal kands. A target ingludesmetapelis bysprogivets; engymss.JeespbonAnd i ch t he
fluc hoLgx - i 1 At i ted f th
uor o %ﬁ&g@gﬁﬁgﬁ% Hﬁéi'e?crd s, gggag*gtt drﬁsmF@;lgﬂiolécme%epar ated fromthe

cell or ce oW ng ne ce For exanple, the cells can
be coll ected frAonimrhebitieet affinity digaird sewsed inf aipali-down-asshlyevlueh hlsocan be | yzed

by ti hnj d thereb | t |1, tents including th
£ wor opho A GBI faBrRR  ASRS SRSl Jof CRITTSEEBIE:  on
The fl uor gpiiRideoftsepiten@bibthghRAl Mixtles isédord HRighBy GREifidbidlogicsol ution (or

"nmobi | e phase") is separated from other nolecules in'solution based on

di f f er enc tferagtiogrhvieh @a thap betytegn aptigen andeantibodys engyme aed substrpignelr y nateri al
(solidc.phase), ~Affi.nit hr. oqr.aphy | 5Q. ! fd1nd | fication)
makes ijsus er%:g’ tg ;r) glclzﬂI jflg%“% [ éri)g ﬁ%gé%qf“ﬁ? {egroe{c i %nr%lslﬁaglgﬁvgejg%l %%@e#tm%fr%lp hor e of
the fl uor epifahfedityabedseot d flabrdphere-tagitdtahtimatatial tnepyll-dewaabaly. A
particular ligand is chemcally imobilized or "coupled” to a solid support
so that wHEAS apEbadigs dirested against Hinorgscent tags r bhmethod cqpwaisesthe si&Psirial i s
passed ov . f 1 ol egiul e ' hiJd ¢ bi ndi ng
affinity .Sf)e%gmg%ggégl t(o gﬂ%huh{qg,g&ﬁ“@ 3?%lp ﬁé%%iﬁ%’g@é&gﬁg |mr$al arial bound to
t he t ar geflhomphonertagdedetinilarid to imtéryctand ibindtitstargge raptatihy thenvol ves t he
follow ng _steps: Incubate crude sanple with the imobilized |igand support
mat er 4l ﬂBO@Pﬁ%tﬁgﬁﬁdtaé‘Fl&@tla‘WiI% @mdﬁOtlﬁéargahﬁpénﬂ@nm%ﬁtFefia%@

| mobi | T 2gdadd PR RORHIAA U&%'ﬁ@%ﬁl&ﬁa thd frg GHIRRAG e from Sol i d
support. Egut e@?%ﬁgsom ate a éﬁrec ver 1t e tgrgetargml ecu@e fromthe
i mrobi | i z8dotopherecaggedaintieralariplt he buffer conditions so that the binding

'nteraction nOIrll Sa{]rgglrﬂar? %%Pnru%bprecipitation (IP) protocols would begin by treating

live infected cells (incorporating a Plasmodium species) with the coumarin-tagged
25  antimalarial. The cells are:washed with RIPA buffer (the medium used for IP
protocols), IYSed in the presence of protease inhibitors, and sub-cellular fractionated.
This entire process would ;be,monitored by fluorescence spectroscopy to minimize
the loss in the IAF-labeled probe during this pfocess.' The isolated sub-cellular
fractions are ﬂlen subjected to affinity chrométography using anti-IAF mAb agarose
30 resin. Calibrations of thls method can be conducted using both engineered and native

systems, indicating that the method can be used to isolate specific proteins at a



Anot her enbodi ment of the invention is a nethod for identification of a
target in a cell, conprising the steps of exposing the cell to the

f 1 uor ophowe-2vageedsanti mal ari al of the follow ng struct ecalsGeonmwoézao , or a
salt thereof, wherein n is Lndependentb and optionally 0, 1, 2, or 3;

al l owi ng the fluorophore-tagged antinmalarial to bind to its target,
capturing.the fluorophore-tagged antimalarial 10 bound to the target on an

' bi I'i - af finit I ’ | fiG f the fl h tag; and
| dont 1 yi ngoTeat A meh @i S8 ol Tord bt soub PR oe ry Spcams of
Anot her enflang/mint of the invention is a method for identification of a

target in a cel conpri sing the steps of exposing the cell to _the
f1 uor ophor e- t agé@a IE method | papyides asivantages asicopipared te the biotinstrepayidin| a: 15,

a salt . | . 1 )] g i .ar 4 bind to
Tt st ar get MeakeR s of LANRGiLY SO ARIEAehe ARl ARLES 4 (e
target on easin bynelblion with 015 mM V-yihhé@ylaﬂ;ifmuhiaﬂnﬁ-wetib iaeigfihlpthpmhlh&r e ]tag;

d identifyi target bound.to_the uor ophore-tagged anti nal ari al .
ggTh‘le te gr béifﬁ%gﬁhggq ﬁgﬁﬁ??‘ﬁ%l wifer, Eﬁﬁiﬂ@wwﬁhéwmmwpf%&@@r skil |
in the art piobshd HaElEzr SRR ke 07 U otm MG SEELRPT aY
: (r)]ni z:t i onpi ES I) tg%::lt_ matri x- asgliglgtﬁgady?gésrgémglés_or pti Qﬁlkl?oni zation (MALD)),
de novo pr Blotinfstreptavidinaraeeduzas) onantibetly contapinatien (arisingibp e enbodi nent  of

the inventjon. &he, . s _ddentified by N-fermnal i nter.nal .protein
sequenci ng, . msé&gﬁé@glgg?’rgw?mgé{’ re}%as‘épﬁ%tff’rB Hb?oég‘?’g),'%ncmoglofenm ng
wi th sitRNAelaé&ggo BBLSO (i by shdaéef kpiin dont@ntraticiBwith 5,000 MWCO removes all

- ' sihall molecﬁles. After chécking the protein content by spectrophotometrically with

coumarinQIabeled fluorescence, samples with greater than 10 ng/mL or protein are
pooled and subjected to SDS page gel analysis and western blotting using the anti-
coumarin mAb for detection.
15 The fluorophore, such as coumarin, may be an immunoaffinity-fluorescent
(IAF) tag. Thus, in anothef embodiment of the invention, the coumarin-tagged
- antimalarial ¢ompound is ﬁsed in co-immunopreciptation (co-IP) studies to identify
' biomolecules. Methods of performing co-immunoprecipitation experiments are
" known in thé_ art. Representative examples of co-IP studies are described in Hughes
20 C.C,etal., Angew. Chem; Int. Ed. Engl., 2009, 48, 728; Rodr,iguez A D, etal.,J
Am. Chem. S’oc.‘2008, 130, 7256; and Alexander M. D., et al., Chembiochem. 2006,
7, 409, the entire teachings of which are incorporated herein by reference.
As used herein “exposing the cell to the fluorophore-tagged antimalarial”
means the cell and the fluorophore-tagged antimalarial are present in the same
25  container or in the same solution and may come into contact. Exposing the cell the
;ﬂuorophore-fagged antimalarial includes addihg the fluorophore-tagged antimalarial,
: eiiher in soluﬁon orasa soiid, to the culture rhedia used to cultivate the cells.
The ﬂﬁorophore—tagged antimalarial may be added at any time during the
~ cultivation. For example, the fluorophore-tagged antimalarial can be added to the
30  media before the cells are added, can be added at the time the cells are added, or can
be added after the cells are added. The exposure period can be the entire time of the

cultivation of the cells or can be a shorter period than the cultivation of the cells.



di scovery: target validation and beyond. Curr Opin Ml Ther. 2007 Jun;
9(3):242- 247, the entire teachings of which are incorporated herein by

ref erenceyoan1iReAils (See Kourtidis A et al. RNAI appli eatriscnsioionotsar get
val i dation. Ernst Scheririg Res Found rkshop. 2007;(61):1-21, the entire
t eachi ngs. of which:are incorporated 5 hérein by reference.) For ESI, intact
proteins are ionized and then introduced to a mass anal yser. For NALDI,

proteins are en sted into small er i des_usi a protease
Cioh as vy SAREIR e iortprore et pu it an Be iRt o dEE wotiatBAfRe mce
spect r omet & wheicthé dél[bt dré h@dbdundneR in dﬂ ciR&e thedid 8t th tIRGrOharvedteem NMass
10 spectronetry (e nano- LC/ M5/ M5 anal ysis). Addjtional methods for

target val M@Pﬁ%\'ﬁl%ﬁm ﬂu@rOQMre-t@ggeéw@ agjal pancheradded aftendhe cellase her
enbodi ment, ﬂ%?@ér mu[ X f39rmﬂﬁ{e§r‘{§mgestpﬁ0&ro§at ion of a
fl uorophore taggecfi mal ar a‘T W 6r on a ce

ng the steps
of : ex;Sosmcgm Bchomed, I41burs¢15hbum56hbmse7 ha;ggeﬁih«anh%aim |lelhodrss¢tl bed

h th |1t et at i o of t
F1 Uor OphoriEMFS dadtctin € haay JChours, ¢ty 2Baust @ b, or 48 Bousaisrner
embodi ”EntARéthlfkee dy rm@ﬂﬁareﬁhd@-t@gg%tahﬁﬂmiaﬂw %t&rd@dea RfledthE cliRGRE | ON Of a

quorophoretagge anti mal ari al hin or on a cel onprising the steps
of : exposisygchmuized(for example, the pmra&pﬁsarealﬂ a@f@e ding ﬁtagn)al Symichidonzatiom e
foIIovmngZ st ruct erein.nis

f
| ndependerProprale Habd¥, frehHatt soro 3ot GpdobizbhiH §3slent i Heite ¢

det er mone ﬂai‘&ltEQC@eéQMfost 0¢ abl 0Waimdpibere 71 BRAUSTD) IRdradito2 652418042001 N or on
the cell. Another enmbodi nent of the invention is a method for deternini ng

the 25- | odhe PRfife seachings obwbishare incagystedihereindyancfasncgi)t Famexmoses a cel |

s HSOS rSE 5p L A i

2011/ 0024153P65'ﬂt86256.ﬂﬁ61®§86k@-tagg"& antimalarial. The exposure time can depend
 upon the length of time needed to achieve a biological result such as cell death.

15 As used herein “capturing” is a chemical or physical process by which the
fluorophore-tagged antimaiarial bound to the térget is separated from the cell or cell
- fde_bris. follo@g lysis of thé_cell. For example, the cells can be collected from the
;m_édia thrdug_h centrifugatibn: The cells can be lyzed by routine techniques, and
thereby release the cell contents including the fluorophore-tagged antimalarial bound
20  to the target into a..solution. , . .
The fluorophore-tagged antimalarial bound to the target in the solution (or
“mobile phase”) is separated from other molecules in solution based on differences
in chemical 6r physical interaction with a stationary material (solid phase). Affinity
chromatography (also called affinity purification) makes use of specific binding
25  interactions between the fluorophore of the fluorophore-tagged antimalarial and the
stationary material. A particular ligand is chemically immobilized or “coupled” to a
‘solid suppdrt; so that when fh’e solution containing a ﬂuorophore-tagged antimalarial
is 'passed ovej' the column, bniy those molecules having specific binding affinity to
the ligand (e.g., the fluorophore-tagged antimalarial bound to the target) are purified.
30  Affinity purification generally involves the following steps: Incubate crude sample
with the immobilized liéan_d support material to allow the target molecule in the

sample to bind to the immobilized ligand. Wash away nonbound sample



; or a salt thereof, and assaying the cell to determne the |ocation of the
fl uorophore-tagged antinmalarial within or on the cell. One enbodi nent of

t he i nverwOanivoorasves use of the conpounds of the 5 i NPEMISGANM0AL02d0
screening tool to identify conpounds that can alter chloroquine resistance.
This is based on the principle that chioroquine sensitive nmalaria strains
take 'up nore fluorescent drug (as they would the natural unl abel ed

conpound) - whi. l e resi train re..able to. pu t.h rugq out, .resulting
T ess 11 Sndhehtoth Rl SippBiyr Bt foidihefied Syl et e e B0l T e L
ef fect, thitomahe immobidised liganiyf d1teding Sechater WondidohesocthREhE Bfhdiny t he
resistant strains. Based on this principle, the invention provides a nethod
for the i dBHIAMHORA0|IBREFPCEWRpounds that can alter resistance to

chi oroquine i n Anéi! ShEHimeR! A'iheirRehAoH £ mERORE: UAHAGARS L9 2

chl oroqui ne resistant ce to a test corrpour%, addi ng e

f | uor ophortergetigrecklanompEsing iled stefs dflegpdsing theicall te the fhionsphlord-tagged a: 15,

or a salt thereof .to.t arasite previoysly exposed to the test conpound,
and -assayify .%%"%8?#‘3{}511 ‘cn&sm“ﬁ%‘ﬁﬁ?%%ﬂﬁe in a fluorescence signal. An
increase in the fluorescence signal froma baseline is indicative of a

conpound that can alter chloroqui I & hlance. If there is no change in
the fluorescence signal fromunbaseld n at is indicative of a 20 conpound

t hat- cannot: a’I't&r Nnﬁy@dresis fice. © Anot her enbodi nent of the
i nvention i-nvol Vestysey of nt ke “conpolinds of the invention as a screening
tool to identify chlNToqui ne resistant mal grara salt itlereof, Bheeth njxon thi s
enbodi nent., ..t he. i nventi on provides a hod of identification of a - 20 -
chl or oqui Hjéd‘?pggﬁl‘?’tﬁgiainfl_o B?‘g‘?lﬁ’ d’goirp‘?ri g?’l}@ _ g fuprprhorertageed 1 o t he
fI'uor ophoragtitatsRtPihi B Htfak g, Qbndring thORhorobRstesthggeatantilalaal MUl a:

10 bound to the target on an immobilized affinity ligand specific for the fluorophore

tag; and ideritifying the target bound to the fluorophore-tagged antimalarial.
Another embodiment of the invention is a method for identification of a
- targetinacell, comprisingf the steps of exposing the cell to the fluorophore-tagged
~ antimalarial of the following structural formula:

el

15 ' , or a salt

thereof; allowing the fluorophore-tagged antimalarial to bind to its target, capturing
the ﬂuOrophdre-tagged anﬁmalan'al bound to the target on an immobilized affinity
zligand speéiﬁc for the ﬂuofophore tag; and idéntifying the target bound to the
1ﬂuorophore—tagged antimalarial.

20 ‘ The target can be identified by routine methods known to those of skill in the
art including mass spectrometry (for example; electrospray ionization (ESI) and
matrix-assisted laser desorption/ionization (MALDI)), de novo protein sequencing,
and gel elecﬁ'ophoresis. _In one embodiment of the invention, the target is identified
by N-terminal or internal protein sequencing, mass spectrometry, gel

25  electrophoresis, or gene silencing with siRNA (See Natt F. siRNAs in drug



, or a salt thereof; and assaying the strain to determne if the

fl uorophore-tagged antinalarial bound to 5 the strain, by determning a
change i rwa2lwmweascence signal, wherein a decrease in PrhE/SGuorneedence
signal from baseline is indicative of the chloroquine resistant strain.

As- used herein "assaying" refers to a teternmination of the quantity or

| ocation, or both of the fluorophore-tagged antinmalarial. "Visualizing" is

a met hod of. assayi, . used herejn. "to e IS t roquine in
2 Tesi ot antioRy R e AHoNRSH Sy, ity Brlrplol ThlpAr g 262100, §

chl or oqui n247, lilye éntize Rachings ofwhiol afsiBdtporatdicher¢ih dyeefetenck) RIAi.ne by t he
parasite, resulting in.increase of the fluorescence signal fram baseline.

As used het¥eiRoustdia . fal RBUH spRlictignsit recpvalidetierimeSdrang 8¢ence
si gnal , fOFOﬁ{a@akﬁho%%ofyk&'ﬂ@ﬁﬁ, € Entik WithipBl oPwHIRUSL ERbIO RS L T al 1

exposed to CM can be used ‘as a basel I ne. ocal'i zat1 on of
ant i mal5ar i béreindeyrrefegericdgnt i fi ed by the use of a fl uorophore-tagged

antimal arial in_bioj ing of. live, fixed cells or cell |ysates derived
her eof Trom f 1 RS MR draleips ace igniged gd e imsbeatle a s anaRectr
exposi ng t e MAILIDL Prokdifs 4rk 7 ARARERY UARSRM iRB sindBbApdptides Wingo¥ Ng t he
f1 uorophoretagged anti mal ari-al” to accumulate within or on the cell, and
vi ewi ng t herotdaspsush@s fiypsipoSubsequeatly theserpeptides areointspduned intadghe miags

fl uoresceng: i n » hni S ose of skill
in.the ar t%%%%ﬁ%éﬁﬁ ‘%“2"3@@%&6 %aéé %ﬁ%@%ﬁ%ﬂ%&@%%ﬂg sde flow

Cyt omeflr y . spectrometry? (60 1aBSHLCIMSBEMIS, arfaligisy.c Aldditidhal hethadd foe tirpétect ed red
bl.ood cells.. The parasites .inc]ude those of the Plasnodi um species. In
parti cul arVvalidation meluds gone pilensingavith B er RNAdpeci es: P. fal ci parum P.

vivax, P. ovale ;AL : i ! éﬂﬁﬁ-ﬁ' P. know esi
and the three n%flg@ ro %ﬁlﬁ%ﬁg%‘éﬂg yoegl }alﬂ,ietgl")d E%%hel an%ﬁllg. chabaudi
are. speci flocatioml df at fypesphofdragged agtirhaarialnwitida oand arcel icdmprising ltlee steps bl ood

cells of t host, and .ithergfore "cell" refers to.the rasite cell within
- 21 - theor}ﬁﬁ’giosf"édﬁ%?%&? yqrophare-taggetl @B‘F‘afaﬁ Jgssrib HBr#h referred
t 0 as 15h0sissfHRhg the cll to BQeimihe thelbOARdnFthe ﬂu&{)pﬂ@%daégea%ﬁtﬂmiahai' The

met hods described herein include parasite cells within the host cell. The
met hods dewithinpzentthe edllhn nay optionally include a further step of 5

conparing the regsponse of..sets of cells expos I fferent .concentrations
of the . anti nalgp‘ig)tgf’r %?qub?%iqf&?%?nqqm aﬁ%‘%ﬁ%‘iﬂ&r%‘f{?@%?ﬁods may al so
be used M@&ﬂdﬁ%f@&l@%ﬁl@r@tﬂFFw S&ind418ri 8YWighih O b @dell @oRPribifg Bestepsage of
its life stage (e.g., all cells are predom nantly rings, etc.) or the

par asi t e caf exnosihgihecelhioythe Arenepherg-taggedsmtimalariat pf the folewinges di stinct
cul turgs %E&?al%l?'ar asite isolates (e.g., distinct cultures of

O .
' /
: HN_/_NH i/ N\
/ HN ~\ >>-'-O
CI‘Q?_‘\-)—N o) o
n —
YA

_ , or a salt thereof, wherein n is
;independentliy and optionally 0, 1, 2, or 3 and _assayirig the cell to determine the
location of the ﬂuorophoré%t'aggéd antimalarial within or on the cell.

| Another embodimeht of the invention is a method for determining the

25  location of a fluorophore-tagged antimalarial within or on a cell comprising the steps

of: eXposing the cell to the fluorophore-tagged antimalarial of the following

structural formula:



10 P. falciparum 3D7); distinct cultures of different parasite isolates
(e.g., distinct cultures of P. falciparum3D7 and KlI); or distinct cultures
of the diwbenemizqarasite species (e.g., distinct cultures/seho®ooiabci parum
and P. vivax); or any combination thereof. The met hods descri bed
herein may optionally include a furthdP step of lysing 15 red bl ood cells
to liberate the parasite cell. In sonme enbodi nents, the parasite cell may

al so be lysed. . Dr.ug resistance of Plagnmpdi umisol ates can be
identified by the use:-df a fluorophore- tagg anti nal. arial. For exanple,
antimalarials may distribute differently | Nl a8 Vi '.oI ates that are
resistant to the antlmal '|al as’ conpm'é~ 0t g l\mlsol ates that

are sensitive t.Q tjatN\aniroeN ari aI :

“antimal ari al - si ns Nsol at e ™nt i mal ar j/Z& ®ensitive" means that the
viability of the isolatef q or- ellmnaf’ed in the presence of the
antimalarial. An isol aff'e“that is sensitive to an anti mal ari al

susceptible to the bi oI ogical effects of that antimalarialv- F"o?aiexanpl e, a

chl oroqui 'iﬁeré@f” ghd 43¢68yihs RleAleRl td AefefmBRthd/ IokRish 6ﬂh& hﬁoxl%ﬁ&%f{ﬁé‘geaf
chl oroqui ne. talc |pa umisolate 3D/ 1s an exanpl e of
chI or oqui raetlmlmaiwuhummsthceellsol ate. As used here| n,

"antinal arial - i sol.ate "antijal ari resi st ant efers the

abi |1ty of o paTAHEmeRRhE i FriptRvoliR s df B SRR ef & i st rat i on
and. absor phvedfioR ks @ sékebifing| td(ﬂ'tb {dentifRsnpdand thhtcaaraltet el6foqhinen t hose

usual Iy 30 recommended buf within tolerance of the subject, for the
duration aesistancet This is basedsmr the pancipleshsishiaspquine sewitivamalaria sraing hat i s
resi st ant t o] ﬁf al effects
of that an;%l& f}g&f&a J&@%ﬁtgd&%gﬁsgﬂéy&gaﬁggéh {5@3{&%%@6 rém stant isolate

i's viabl e vihiletrbsistptet@iisarodble kb purap| thedrug dug pesulting ih et flaotescenke.l | a drug
sensitive_jisolate, P. fal czparilm i sol ates 7G8 d K1 are exanmpl es of
chl.or oqui Hea prafdministered drugisiable togevarsesthe pump efect; then aRdpapssein  eat

" treaj) Ng'fubfesc did'be e 48 \GfafRE Haséd H}R:'&%?k:atﬁ gic

treat nment. ?eg(r:%{%gﬁl C %?%ﬁ%eﬂt ?lr%lg%lgkgé rgcuci ng t §5;‘1?rpt 0 associ at ed
with a di smeatonprovidediatrethod fiut/the 1denttﬁ%nrqﬁ cbﬂnpovlmdsghatlcag(abér a subj ect

wi th the disease or conditi.on. As used herein cgrevent ﬁaeventl ng" or

" pr event i SFISHIGE 0 GRITQRUH I ALEHPANL TPRIATIA BRAS UG CRNPHINE SPPHBE Bnset of a
di sease Oghlpfstfind fRBistafit @el%ty &icoftpolind kad@in dﬁé/ﬁh&@pmemegedl sease or

condition or reducing the 10 likelihood ‘that " a subject wi IT" then devel op
t he di seassatimalagahefithe éollowing stwudtymetformpla is at risk for devel opi ng the
di sease or condition. "Al kyl" useggl alone or as part of a larger noiety

such as "hal oal kyl " or "al kyl am ne™ refRers to a strai ght or branched,
saturated aliphatic group having the her of carbons, typically
having 1 to 12 cargg,p atoms. Mrg 15 , ©\he aliphatic group may
have 1 to_.cﬁ “ON 1 to 4 carbon atong. JThis termis exenplified by

groups suc , /'n-Yropyl, ig p’?opyl , n-butyl, isobutyl,
tert-butyl, n-he and t he 't i ke. "A kyI ene" refers to a bival ent
sat ur ed strai ght-chai ned. hydrocarbon, e.g., Cl-C6 al kylsaﬂ%h' nctJtudes

-(CH2)B-, -CH2-CH(CH2)3CH3, and the like. "Bivalent »°T2
' the parasite prewously exposed to the test compound, and assaying the cell to

determine a change in a fluorescence signal. An increase in the fluorescence signal
from a baseline is indicative of a compound that can alter chloroquine resistance. If
| thére is no change in the fluorescence signal from a baseline that is indicative of a
20 . compound that cannot altef chloroquine resistance.
Another embodiment of the invention involves use of the compounds of the
invention as a screening tool to identify chloroquine resistant malaria strain. Based

upon this embodiment, the invention provides a method of identification of a



20 neans that the al kylene group is attached to the remai nder of the
nol ecul e through two di fferent carbon atons. "Al koxy" refers to the
group - O0-Wowhewmz242sis "al kyl", "cycloal kyl", "al kenyl ", pamr/sSGabioyonysd .
Exanpl es of . al koxy. groups include for (iarrpl e, nethoxy, ethoxy, ethenoxy,
and the |ike. 25" Am no" nmeans -NH2; "at'kyl am ne" and "di al kyl am ne" nean
-NHR and - NR2, respect | veI y, wherein Ris an al kyl group. "Hal oal kyl "

i ncl udes er-hal oal kyl groups mhere he, hal Qgens ar
e o gtog Rt st BT Sarastieite: SAhehs » S0 o et S et

" Cycl oal kydniinia$fhl 8F feFoRéwik sitiurdl fordmdldr ger noi ety such as 30
“cycloal kyl al kyl" refers to a m)nocycl,l c or_ polycyclic, non-aromatic ring

system of -3 tO_'_‘Z . .ar_bon at Oms 3 to ) Carbon atoms; or 3 to 9 carbon
iz.ar / "rrpl,es of cycl oal kyl groups

Yy De:
i ncl ude cyclopropyl' ‘;‘ T cycl ohexyl,
cycl ohexen I FEX oy act vyl Cycl\ehept anyl , norborryl
adamant yl ,¥ar kenyl repet™s to a straight or br anched

i
al i phatic - gro’_ N _.j at Ie SN ond®.doubl e Bond. Typically, allcenyl groups
have from 2 to. 12“:«-~rbon atorns\—from2t058 from2 to 6, or from2 to 4

carbon atorns. Exanples of -al-kenyl: groups i ncl ude et henqﬂaQal'GhIﬁ@P@)

7 P o0 kbl ab ok the 3R T ine RERE Sl hopnlf GRNa i US| o

1 . Sit ehoftraih Kyyndetertiniag @ chhhgdin alfréstehoe sigidl, cwlliatémgardwﬁ@se:mnt ain 2 to
12, 2 to 8, 2 to 6 10 or 2 to 4 carbon atons. Exanples_ of allcynyl groups
i ncl ude etths/ﬂwreﬁceecwelgl frqw bpseligg Is indicatye efithe chlopaping resiffant A and t he

| i ke. The conpog Qﬁmin in free form
in the form of phar maceut I ca %Péga%?%%%ﬁﬁgt sa ?1\8{@{‘%{;@9& ﬁtpﬁorm of
physi ol ogiloatiby, (&dmﬂpbﬁlhledluor@hot@eagge&aithﬁalaﬂiieS‘Msmhzmg’hma thethobt ai ned by

reacting the respective,l5 conpounds wth i ol ogi cal |l y.accept abl e aci ds
and basgs Iilas ayi%% As used ere(fnm) aYter resistance to éﬁoroqun%e(fnar sistant P

10  parasite” means to decrease the parasite’s resistance to chloroquine, by increasing in

_any amount, :the uptake of ehloroquine by the parasite, resulting in increase of the
:ﬂuoreseen'ce‘signal from beseline. As used herein “baseline” means a standard,
prédetermined ﬂorescencéfsignal, for example, the\ﬂuorescence signal of a CQ-
susceptible strain exposed to CM-CQ can be used as a baseline.

15 - Cellular localization of antimalarials can be identified by the use of a
fluorophore-tagged antimalarial in bioimaging of live, fixed cells or cell lysates
derived thereof from fixed or dead cells. The method comprises the steps of
exposing the cell to the fluorophore-tagged antimalarial, allowing the fluorophore-

‘ tagged _antimalarial to accumulate within or on the cell, and viewing the fluorescence
- 20 :emitted from the ﬂuorophere tag. The fluorescence emitted can be assayed by
| 'teéhﬁiques khown to those of skill in the art ahd include fluorescence and confocal
nﬁcroscopy end flow cytorhetry.
| In one embodiment, the cells are parasite infected red blood cells. The
parasites include those of the Plasmodium species. In particular, four human

25  Plasmodium iparasite species: P. falciparum, P. vivax, P. ovale and P. malariae, the
zoonotic primate species P. knowlesi and the three major rodent species P. yoelii, P.
‘berghei and P chabaudi are specific cell types. The parasites invade and reside in

the red blood cells of the host, and therefore “cell” refers to the parasite cell within



Exanpl es of such salts include but are not limted to hydrochlori de,

hydr obr om de, hydroi odi de, hydrofluoride, nitrate, sulfate, bisulfate,
pyrosul f ave,2osulotditse, bisulfite, phosphate, acid phosphaC®;SG2010/000240
nonohydr ogenphosphat e, di hydr.ogenphosglat e, netaphosphate, pyrophosphate,
i soni cotinate, acetate, 20trifluoroacetate, propionate, caprylate,

i sobutyrate, lactate, salicylate, citrate, tartrate, oxal ate mal onat e,

3ot onend SRS R e N RSP R e PR B ARl G, o

bi t art r at e“hossrd rbhﬁﬁe:cus L&C‘téiﬂileod ol e ate m@Reds GO, hei-éiﬁ&[oﬁcﬁ,
gl uconate, glucurgnate,: 'sacchar ate, formate, benzoate gI ut amat e,

met hanesuIPaé?ﬁa‘Féeu%Wﬁh%‘i’égﬁhP%ﬁa]tle benzenesul f onat e, p-tol uenesul f onat e

and pamate (1 fye miadss BELAERE e GaIOHHP NI R %ﬁa@ sal ts.

Certai n conmpoun s 0 e Invention ca orm phar naceu accept abl e
salts Wit mormamgmeamspunsaof stts ofSeells akpcmed)asaf&admgommtrmmm ditlie ar e not

limted to, al | ci tassi u

i e, Cand B phR dEferkpoEhepeiads, Mhethyheos e bfte s br Bieai ne.
choli ne, %f&rébht@)éﬁit&@ﬁﬂé's@ﬂ&ﬁ}@mz@d M&ﬁ%ﬂb@ﬁg@@m&&lf@é@é(ﬁ %ﬂ@eﬂ? and
procaine salts., -24 - EXEMPLI FI CATI ON- Exanpl e 1. Synthesis of

FI uor ophorase peeggminaatly irings.zatd. )amsthe Oauasite culturestase vusyole i ﬁe“S@Ohﬁ CQ and

1 uor esceri el AR dRdss oL SE Ryl PRoSie kiR Rs b RS el °

desi gred amga&wmsmychxétﬁ&ecﬁh&s dl)dlfferent parMitéﬂéolateﬂ@%d@l&ﬁn&y nthetic
procedure (See Prusqv, and Mi er, 2007) Tetrahedron 63,

10486- 10498 tureg of ﬁgfa#qlmnmw andKayor épﬁﬁaﬁ%ﬁ%@r@n&éhe difiereng paragitospher e,

des(N-eth )

chl (()ro 4- éh&lgﬂ %/Q?% a?esoo?f?f)a)%%%%ﬂ? gngw ﬁﬁé&nbmanon . K, et
al., 10 (2b&8df.J Med Chem 51 3466-3479), was d| ssol ved in anhydrous
acetonitrile Fi ne owdered and | ed assiu car bonat e
(24.8 ny, O. 2(E¥P€|‘5‘ ‘6\%‘?4 %‘?ﬁ/eégtféﬂnf?aéﬂqpmg afﬁﬁltl?ru flysipe
?22)’3 rlﬁgs réd Bfogﬂ 'c{alﬂs! tbfhb%@télizﬂ_e%}'a%%% Q?\IF th s%hé é?ﬁb&ﬂﬁ'l@ﬁtrs' fhe ParalitOLHESt €r

(di met hyl myrﬁ;olze &l. 2H chr onen- 4- yOacet am do) ethyl)-acetani de (See 15

e red T or "1 e FeGhce oS Al A B o 9t B s Rord 1 L rat e

evapor at edhfoﬁnﬁbﬁﬁta SEAdtINA1AR] BUfexahifle AEAUR I Eay BREbME i i ed by flash
col um chromato (230- 400 nesh silica gel) to give CMCQ (45.0 ny,
'o 074 rrrmld} ergn 1§)/ @n@dzum isolates that are resistant to the antlmalanal as compared

20  to Plasmodium isolates that are sensitive to that antimalarial.

As .used herein, “antimalarial-sensitive isolate” or “antimalarial-sensitive”
means that the viability of the isolate is reduced or eliminated in the presence of the
antimalarial; An isolatg that is sensitive to an antimalarial is susceptible to the

'bi_ological effects of that antlmalarlal For example, a chloroquine-sensitive isolate
25  isnot viable m the presence of chloroquine. P. falciparum isolate 3D7 is an
example of a chloroquihe-Sensitive parasite isolate.

As used herein, “antimalarial-resistant isolate” or “antimalarial-resistant”
refers the ability ofa paraéite to survive and/or multiply despite the administration
and absorptidn of a drug given in doses equal to or higher than those usually

30  recommended but within tolerance of the subject, for the duration of the time
-necessary for its normalr. action. An isolate that is resistant to an antimalarial is not

susceptible to the biological effects of that antimalarial. For example, a



NVR neasurenents of CM CQ were recorded on a 300 Mz (for 1H) and 20 500
MHz (for 13C) Bniker spectroneter fitted wwth a pulse-field gradient probe.
The resi dwal2origmenance of deuterated sol vents was used aeT&G20mn060296
reference 1H NMR (300 WMHz, MeOD) 8: 0.,87(t, J= 6.4 Hz, 3H), 1.52-1.57 (m
2H), 1.62:1.74 (m 2H), 2.41 (t, J= 7. ¥ Hz, 2H), 2.49 (g, J= 7.0 Hz, 2H),
2.97 (bs, 8H), 3.21 (m 2H), 3.38- 340(m 4H) 3.63 (s, 2H), 598(s 1H),
634(d J—23Hz d,. = (dd, J-2 Hz, 9A
Hz, %O@wae-res@tﬁ!tesﬁ&t Sawgglezn ﬂmrese!?c Copf “F%Orosmng ingarphun irli)af 7.71
(d, J— 2. Owb'ﬁld k;lmdru%-s%ﬂmﬁde isdlate. "2, faﬂc%i) arum 1§§?até§j7G§a§dK21 aréLEﬁamﬂl@sC NVR
(125 MHz, MeOD) 26.2, 27 .1, 40.2, 44.0, 4, 50.0,
55.7, 58. R)fogbrﬁqumr@lstmwamsﬁemolasas 110. 5 118 7, 124.5, 125 8 126. 8,
127.3, 136. 2, 2. 2 2l 104 6, 157, 7 752
30Anal yti cal HF’é CFHW? squé? %Ctt?"eaﬁlg ror“tfea C%]aes bm}lﬂlleaé%e

was carrie

Shi madau Ldadl ToﬁT@Ifaowmm&mumaaﬁeuﬂct&baﬁmmmmwwcmgme agnptemr se phase
Phernonmenex Luna 51im C18, 50 X 3.0 mm columm. So|l vent m xtures of 0.1% -25

- TEA/ H20 assesiatedhwithy damseorlmmn@qému(%%ﬁsmﬁbe Iopeqateol aatbiect

co- el uent d te %o. B (over 45 m n;
flow rat es‘ﬁ’fﬂpgﬁgl%é&%@;‘d ﬁ 'Afsg%/sg&’ge%é?h e%g? C%%(%H{u;@n%r ovm(tx a found
m z [ Mk1] “ptevefiio?Anclpded mphyl@dmeaumw&ﬁmmws th€ 01ise2 80 disBaskdxti t i onal
fl'uor ophor e edatlmala a re synthesized as. depicted. in FIG 5

( Conpound Cg?alt‘gﬁ@aﬁ 8{@%"\,\? %@&Eﬁ‘?ﬁ"?w %ﬂ&ﬂﬁ?%&ﬁedg‘f; s adapt ed
from ElyouqikiMbodthatd sub?éc@ QAil thelbdbveloPehe i8S or donditfoiPm%Ssh d)e'&:h@iai ®Rachi ngs
of which are i'ncorporated herein by reference) and FIG 7 (Conpound 1016).

Exanpl e 2. atUsleerfde@lbp)lemedleeaseloocmdm@nl on studi es Confocal bioimaging
assays were car, »0U P. aruminfected r d ceI I's (RBCs)
exposed to incréﬂg}' %doe\#eg%?rrﬁl?%h o@a@ﬁ%w% C% glglf ¢cclUmul ates in
di fferent ‘ﬁndylaﬂmﬁé”fe@éf@edawagﬁt stengihed Gatifatbd gligharic giduptavinig tié CM CQ as
seen in FIG - The cellular distribution of CMCQin 7G3

(CQ resi stSH?ﬁlfle‘bWémk@E qfwleeﬁ stVElﬁ{ﬂ}Y baving bo 1 hoaben glemsd Morea sini | ar
protogel . pIPrF‘c Qﬁ ezeﬁlgp m 1&@8%& 89} 1d 6 or1&b WGPl HOmb e%ﬁt ant and
sen5|t|ve mal ar 1 SO

Th =\r e
term is exemphﬁed by groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl,

isobutyl, zert-butyl, n-hexyl, and the like.

“Alkylene” refers to a bivalent saturated straight-chained hydrocarbon, e.g.,
C,-C¢ alkylene iﬁcludes —(CH,)¢-, -CH,-CH-(CH_)3CH3, and the like. “Bivalent
20. means that the alkylene group is attached to the remainder of the molecule through
two different carbon atoms.
“Alkbxy” refers to the group —O-R where R is “alkyl”, “cycloalkyl”,
“alkenyl”, or “alkynyl”. Examples of alkoxy groups include for example, methoxy,
:ethoxy, ethenoxy, and the hke

25 - Ammo means —NHz; ‘alkylamine” and “dialkylamine”.mean ~NHR and
-NR;, respectively, wherein R is an alkyl group.
“Haloalkyl” includes mono, poly, and perhaloalkyl groups where the
halogens are.independently selected from fluorine, chlorine, bromine and iodine.
“Cycioalkyl” used alone or as part of a larger moiety such as
30 “cycloalkylalkyl” refers tofa ﬁlonocyclic or polycyclic, non-aromatic ring system of
3 to 20 carbon atoms, 3 to 512 carbon atoms, or 3 to 9 carbon atoms, which may be

- saturated or unsanuated. Examples of cycloalkyl groups include cyclopropyl,



20 |l ocalization of the fluorophore-tagged antinmalarial could be used to

di stingui sh between resistant and sensitive isolates. Exanple 3. Use of

CM CQ i n wb-2hamme418 bi ndi ng assays P-hematin bi ndi ng aseaysceaiioloodeao carri ed
out with CMCQ and. CQ CQ and 25 ot her__qui nol ones are known to bind to
P-hematin, and the extent of binding & be quantified

spect r ophot orret rically (See Auparakkitanon et aI Ant i m crobi al Agent s and
Chenot her apy, 2003 47; 3708- 3712 re o -hematin to CM CQ

hypot hesi a Btyyglopentyl, &Mﬁ%ﬁ?@@x R ca F’F%i’érﬁlgnxkrfé’ﬁk’tﬁ’sﬁ’bar ed to
Clhematin d foﬁ%&ﬁﬁ 1%%o béﬁyﬁ&ﬂﬁﬂaﬂt g yg%mg CM CQ in apoptosis study of P.
fal ci parumy.e gl g V\é/ b toe I nvesti gated the i nducenent of
programed cel |“Adkenyl” (df@@)o antrpghamhrmheduhhphm guqup:WithlabhFastme Mat eri al s

and Met hod l.as al um cul t ur sensitive | tory
tratn of (RubleRBy vl S stk Ry bivAfom & 15 TG HOR Ao R AP

nodi fi gat |83|ﬁ‘@mi Did aa)rrmirﬁtgdo Bl c@MtioRUSds. d%fl@@é‘fzﬂﬁaﬁrl Gip€ inclile: and
Jensen, J. B. 2005) . Parasitol 91, 484 Parasite cul tures were

ai nt ai nedeRyyECEEH, 12 propeny] (aétytscuscﬂg ).aientengly hexanal, gadithe ( MOV
consi sting;af RPM 1640 suppl enented with 0.5% (W v) al bumax |

(I nvit roge 7 0.005% (W v) hypoxant hi ne, 0. 03% (wv) L-glutamate, 10 0.25%
(w v) gent anyci‘Allyg2redéfs ItmHﬁﬂalghydﬂtrrmmhbeahpﬁ%itﬁ%tsup/\mmgaﬂsasd1 with 3%
CX2, 4% 02, an 3% N2 andlncuba%ﬂa Clnadarklncubator Cul ture
medi um wasite Qg Ywsatytationy Lypisally: g’&ﬁlpéf’?‘g?lﬂa”t‘@ Iday $0 8790 G ensa

smear §owe at t he
st art§8f egczztr%@g%s;eﬂr%n%génrtﬁgw ?Psy h%(r)nl za | on ‘?’gz'ke"llg and
Vander ber grophrgy? (-CIB,CECHR pertyhfl; Béiyngl, a8d thedliie: 420) was car r| ed out weekl y

to select for ring-stage para5|tes Saponi n enrichnment (See Beaurnel l e, B.
D., etal., (19§'h)e comppHRdssjocerdingto the preserd inygation may hedndiee fpmudr t o

st.ai ni ng | a [ hr ocyt es.
Cul tures \gltl appr Og)l ma EQU%IS' cg%pgaﬁl garlngasﬁér&égﬁoﬁel{m@?@o érr%l ites being
in the | aneceptable, abagexit EﬂtSZ E'hbszwahs may be iobtaiisdddy) redeting e tdspedtive
adm ni stration o hi bi ¢ a drugs, unl ess herw se st at ed. Drug
pr epaﬂgt i GAMBR "é‘gt <§ Eﬁgfﬁi“iﬁ’ﬁﬁ?‘% a&tdﬁﬁﬁ‘gbﬁ%ﬁ’?e (CQ Si gma- Al drich) was
di ssolved in P utions of 300

: aft t s ¢ fsfof gﬁﬁisﬂ&%&l@@lﬁﬂ a}é)ncgat ik % 3

.LM and store A new I ng sol ution was
made bef o'hgdmhmnudﬁ,ﬂwdmmdtdc Bairafudridecnitratey suifae,Hiedfareg pgrqsn]rfatb,at ed for 8

’J
o 10 25 Mot sl B 0%e OO AR St G kbR Pr O 0 assaying

dihydrogenphosphate, metaphosphate, pyrophosphate, isonicotinate, acetate,

20 trifluoroacetate, propionate, caprylate, isobutyrate, lactate, salicylate, citrate, tartrate,
oxalate, malonate, suberate? sebacate, mandelate, chlorobenzoate, methylbenzoate,
dinitrobenzoate phthalate, phenylacetate malate, pantothenate, bitartrate, ascorbate,
succinate, maleate gentlsmate fumarate, gluconate, glucuronate, saccharate,
formate benzoate, glutamate methanesulfonate, ethanesulfonate, benzenesulfonate,

: 25 p-toluenesulf_onate and pamoate (i.e., L,I’-methylene-bis-(2-hydroxy-3-naphthoate))
salts. Celtaingcompounds of the invention can form pharmaceutically acceptable
salts with various amino acids. Suitable base salts include, but are not limited to,
aluminium, calcium, lithium, magnesium, potassium, sodium, zinc, and
diethanolamine, N,N'-dibenzylethylenediamine, chloroprocaine, choline,

30  dicyclohexylamine, ethylenediamine, N-methylglucamine, and procaine salts.



M tochondria trans-nenbrane potential assay. Cell perneable |ipophilic
cation probe JC- 1 (Ml ecul ar Probes), also known as 5,5, 6,6
'-tetrachorotlooidis3, 3' - tetraethyl-benzi m dazol yl car poTsaninmosadi ne,
normal Iy has green. fluorescence (525 30 nm) but aggregates at high
transmenbrane potential of functi onal- 2t ochondria to enit an or ange-red
fluorescence (excitation maxi rumat 590 nm (See Smiley, S. T., et al.,
(1991) " Proc Nati Acad Sci USA 88,3671-3675). A final concentration of 6 -
27 - 1. L: EXEMPEIHIGAHONIded to 0.5 ml of treated parasitized erythrocytes

and incubated at 37C in a dark hum dified candle jar for 30 m nutes. Cells
ver e washdexammlech Snhesispt Fhuaropkaradpggedamiimglariadsior i gi nal vol une before

Dei ng. anal oy gk ENChI) SR Mo BEOF b Chiibdis o1 $aRpypi ned Lo det er i ne

the extent of mtoc rra I on. Itory concentration (1C50)
det er mi nati on. Aflua=stentabeled| GQaraog based ontthe blue diuomseehogiexhibited bj

erythrocytes and t.0 2% parasitem a and 1. 25% hemat ocy] t re incubated
wi L var; aoRgicalybrign GHRETS (CoMiaras Canbesd 14 YREFEAESRATT Pom | oo,
7-di methyl am Nohdtr § Qi4ABdrl RPRiBEti Cprotbdhire B8 FAMIVIES, @hd 48aid) MIEIrs.  To
deternmine parasitema, cultures were stained with Hoechst 33342, as

descri bed (20 detraheliram 6310486139496 o wsing flemstdried ghass appmatugiunderbe det er ni ne

by a simlar protocol for CO resistant is es 1 K g, 7G3. Fl ow

Cytonet ri »gﬁ%@ggﬁlg& ?esﬁﬁﬁ@g@%ﬁﬁowgég’s de cozw r’t"goﬁg’il’geyﬁalﬁ'er st ai ni ng

wi'th JC 1 chiiré-4afiimolig 1 P -athivl-0M- djdntinethitine (8K Natarhjaipl. i Neylgn 15 ADP) ,

equi pped with an argon-ion |aser tuned to 488 nmand a violet |aser tuned
g

t o' 4030 nm(2088) dMedahens §1,11466r34I0b vas dizselved i anlydrous; acgtosutnlefsd 595 nm
band- pass {# |4 ' . ' r forward
and side é‘%t%%‘?ﬁé@%ggéﬁ%ﬁ%%%@?%gﬁg%'i’g‘ﬁg;% ﬁzr“c')cy éggﬂ%{z{o qgé\solo, 000 to
20, 000 i nitkeat @ided rfyllbweallyy the additionrdfahadhypdroasadeamitnite solatiarl (1zE0hl¥ r om each
sanple and its respective 20 d [cate to ensure_reliabjlj.ty. At |east
three | nd@ﬁ&%@ﬁfﬂaﬁ;&ﬂéh%?ﬂs?rw-é%ﬁfm > Ut %-sﬁmm%ﬁr%‘ééﬁst at ed.

Conf ocal @g{) 3 SHitho)- SOOI PhehrdmReh A0y RS a8 ethS) DitefdiBP isder ) FI uovi ew

FV1000Tm equi pped wi.th solid 'state and Argon ion lasers tuned to
405 t Uh ardexiB8®lenivir Bs e al.i (200§). ChenelbjesheneT c409epion Bt miitung vaIsystiped (r)

Fl i ew 25 ' 1. 6b. Statistical I AL t h

roans Selb SBPLT SR temperapehben BlEl R AREE b g eNEE Tl T v
neasured yeilowW rédidies TR Fedddiie Whk theh PaFifiEPby ARSH Solursth @Ridmdiagtaply di f f er ent
results (p < 0.05) were highlighted. 30 Results M tochondrial nenbrane

pot ent i al (235490 meshesihieagahl togi VoML Q @510 mg, 0.074 mmol) in 82% yield.
- NMR measurements of CM-CQ were recorded on a 300 MHz (for 'H) and
20 500 MHz (for *C) Bruker spectrometer fitted with a pulse-field gradient probe. The

residual resonance of deuterated solvents was used as an internal reference. 'H NMR
(300 MHz, MeOD) &: 0.87 (t, J= 6.4 Hz, 3H), 1.52-1.57 (m, 2H), 1.62-1.74 (m, 2H),
2.41(t, =170 Hz, 2H), 2.4:9:(q, J=17.0 Hz, 2H), 2.97 (bs, 8H), 3.21 (m, 2H), 3.38-
3.40 (m, 4H), 3.63 (s, 2H),;5.98 (s, 1H), 6.34 (d, 7=23 Hz, 1H), 6.43 (d, J=5.8 Hz,
25 1H), 6.55 (dd, J=2.6 Hz, 9.1 Hz, 1H), 7.25 (dd, J= 2.0 Hz, 8.8 Hz, 1H), 7.42 (d, J=
8.8 Hz, 1H), 7.71 (d, J= 2.0 Hz, 1H), 7.99 (d, 9.1 Hz, 1H), 8.29 (d, 5.8 Hz, 1H). 1’C
'NMR (125 MHz, MeOD): 8 12.1, 26.2, 27.1, 40.0, 40.1, 40.2, 44.0, 47.4, 50.0, 55.7,
58.7,98.6,99.6, 109.7, 110.3, 110.5, 118.7, 124.5, 125.8, 126.8, 127.3, 136.2, 149.4,
152.2,152.7, 154.6, 157.1,5 164.2,171.5, 175.2.
30 ‘Analytical HPLC and mass speétrometry of CM-CQ was carried out on a
Shimadzu LC-IT-TOF sysfem equipped with an autosampler, using reverse-phase

| 'Phenomenex Luna S5um C18, 50 X 3.0 mm column. Solvent mixtures of 0.1%



aggregates in uninduced cells showed that about 90% of the parasites
contained - 28 - functional mtochondrion with transnenbrane potenti al
(AWY) . Flworesompae m croscopy confirned the specificitycofsGeimw/oaggo egat ed
m tochondrial stain. Treatnent with or CM CQ caused a dose-dependent
decline in this proportion to approxim&ely 50% and 60% respecti vel y.

| nhibitory Concentration. The |1 C50 (50% i nhibitory concentration) of CM CQ
for P. fal ciparum strai.ns 3D7 suscepti bl e) indicated that the

bi ol ogi calT Z\QQS91V6!1t'w‘i‘§O-llr‘1(4i A{GRAEN (solvent-B) were usedas go-elusntSounar i n.
To ascert al,iy. i L f £ 1 1GR6, G asur ed
and the i nhl. be%?gi‘%g‘??%’??%é?’e‘? 1??/%/ g%@%%’ﬁ#@%‘gﬁpﬂgﬁﬁy‘@%m ged
(FIG 2). niblimin)CFhis\gavel e punfy dfCM«OQeif OB U witha donchdGhviz (NI-+id o€ 6822%7 m ned t o

be 42. 6873 nM and 349. re ively. Coumarin (CM had no detectable
i nhi bi tor %C@FF@E% fﬁf&%‘?‘{@@e@??ﬁﬂm rations and was not cyt ot oxic.
The bi gl ogical activity of the CMCQin 7G (CQresistant) and Kl

(CQresistant) will be investigated by a simlar protocol. Because 7G8 and
K1 i'sol ates 15 Additipralifkiorophorestagepd antimalarialpweresynthesizedhag depigted @50 of

CM CQ W | I5 tant i hi gher for, t.hgse LSOl an for 3D7.
Resi st anceH?'g Szégfnﬁ’%ﬁd git’ g?nhé Egonrl%%’gnfi tlédﬁ'f I eﬁ\l/\éé)ly ?"%‘%@é svegrvga@psam I, -
wher eas t hidhpted froriBkowe-Kovi bl Bidberg. Med! Ohém.c200RUNDRT0SEES, Gen et al .
Ant i m crobial  Agents . and Chenot herapy. 2003 47:3500-_3505). As such,
pre-t r eat rigaphings of syhich are jncerpogated; heigin py reference) and FIG.o7 P8di zed 20 to
decregge tjgg 1 C50 val ue of K1 while that of 3D7 and 7G8 shoul d remain

rel atively unchanged even in the presence of verapam'|l, suggesting that
resi stance of K1 and 7& to CQ al so protects these strains from Cv CQ

Dose- dependent —ef f ect |.orogyine,. JC-1 and CaspaTag assays were used to
i nvesti ga{l‘glwglp 'afﬁ%%@P%@IgeQdﬁégﬁl‘(cﬂéﬁ”@eg fes at different
concentrati.ons @nféeul %m&ﬁm%%@@%f%a?ﬁe&&ﬁ%ﬁm%k%b%mtm&?ed%&e basal

|l evel s of PCD features but at m cronolar concentrations of CQ there was a
| ar ge i ncrbdenskcells (RBEspexposed iogncredsingddncentrativnofiGg-CRt dbadmg i a out er

menbr ape perneabj | i.zatyon (NOWP) and activation of caspase-like proteases
(P 157 REGRRales uf fiferh SARNE cobffheicols Ripeting o TREGRR FipadR of
concentr aigMrCQepsessntFIg iferences in the cellular 30 localization of
CMCQ It was observed that CM accunul ated in the hemazoi ncont ai ni ng

f ood vacuol e atTheseHrler distribytion of EMCEh i 7GH (€Q-resistent) apd K- wi t h

e “tz i9° Didein 5T BE Bl RSN Piflial Broto ! THE | htiBioR Fhitén'shobrd®® Fol ey

differ between drug resistant and sensitive malaria isolates. Therefore, the

20  localization of the fluorophore-tagged antimalarial could be used to distinguish

between resistant and sensitive isolates.

Example 3. Use of CM-CQ in f-hematin binding assays
» B-hematin binding assays will be carried out with CM-CQ and CQ. CQ and
25  other quinolones are known to bind to B—hemétin, and the extent of binding can be
quantified spectrophotometrically (See Auparakkitanon et al. Antimicrobial Agents
and Chemotherapy 2003 47:3708-3712). Exposure of B-hematin to CM-CQ is
hypothesized to result in comparable binding coefficients when compared to CQ-
hematin intefaction.
30 : » _ :
:Eégample 4. Use of CM;CQ in apoptosis study of P. falciparum



and Tilley, L (1998) Pharmacol Ther 79, 55-87). At mcronol ar
concentrations however, the | abel ed drug accunul ated non-specifically

t hr oughouwwotbe/panasi te' s cytopl asm Confocal m croscoppcsisceen/ by4dC- 1
staining that the function of the mtoc{ondrl on of a parasite is reduced
upon exposure to coumarin-|abel ed chl o gquine (CMCQ . No accumul ati on of
CMCQis detected at 30 nM but at 300 nM CMCQ localizes in the

hemazoi n- cont ai foa cuol e of t site. Accunul atio f CMCQ
Wi Che. par SCMPEQ St fo ueriaced e SibeRpr of SHEeREEL AR 65 M and
| ocal i zes (l})@l?l,{g gggltésr&ltgfgs%g,l&ﬁ,rg EMéopl asm At these concent rations,
CM CQ al so induced mtochondria-outer nmenbrane 10 perneabilization

r esul t i ng-MatemalsowiddMethpds t hat were not clearly defined. Di scu55| on

Local i zati on stydies usi a fl b of

chl or oqui ne, sh%[\%% Odmml'{n%fpalnﬁ'%%ma ﬁ'(gg{ngl Weé?b ?zﬁgpyas%' ‘?gom t he food
vacuol § atfalfparamp3Dy aﬁas:cmeﬁmcfoahhmly Whtxﬂiﬁoﬁmb@iﬁcaﬁdﬁscté thdhfethad asi t e at
m cronol ar concentratjons. This swggests that the PCD features observed are

br ought - alfBEYIOBSly descrbediRncre Whansyensa, Lib a0t Parasiioldh 884of PcD
nmedi at ors 4gg)t 91?‘1"?,93 th
chelm) senS|t zgfﬁgﬁke/é 0 sméyngrhronl zegnl;)5 r?%%sa%éﬁfggsc%aﬁ%ures (Vn\: d-ring
st age of . I%Iulturmdedm(l!l&:l\fl)abms;sangnf REMrdOcupplemented Gt @aY(wi/ven a and
2.5% hemat Qcr i re ei t he icl onjro PBS) or 10uM
of “known it LiErPeen S BOSE Somspostihing, ¢ fH% aror ety 1 azem
(DTZ) j0chlgzs®, éﬂRt @and@%ﬂﬁﬁfﬂn"&y&%@i ﬂ%ﬁl&ﬂ%}ééhﬁ%d Wi, OF

chl or phener am ne or 30mn at 37C.° SubSequently, 6UM

Counari n- @@nﬁ&q@nn@d?mmnd\msummWé’Qm@d&d(m tesG’UhWCthrs and |eft

to i ncubat n_the d certai i th a m.a_ of each
cond &1 onediftp P8 skgfia e fefRERg Ptetrife BRI TR YRR P hc,

before f1 avere yiaaewes d¢tsmaﬂabmsmrad>efdre@ﬁmwmdmaieestmaﬁw&nent s. The -
30 - proportion of- C(MCQ stained parasites was the ratio of the proportion

of CM CQsteaPeraBentn Serhitod syahrenieationd Seq Lambros oG e pnd Nanderbergy {.ifon of
Hoechgs- p?féid)‘ﬁoa%svzio? 68.CH188820) Nl @G H G oub Wl b Sel@lt il stage

: paras1tes Saponin enrichment (See Beaumelle, B. D., et al., (1987) J. Parasitol 73,
743-748) was carried out prior to staining with CaspaTag to liberate the parasites
from host erythrocytes. Cultures of approximately 10% parasitemia were used, with
parasites being in the late-ring stage (22-26 hours post-invasion) during the

20  administration of inhibitor and drugs unless otherwise stated.

Drug preparation dnd treatments. Chloroquine diphosphate (CQ, Sigma-
Aldrich) was dissolved in PBS and ﬁlter-steri_lized to obtain working solutions of
300 pM, and stored in the dark at 4 °C. A new batch of CQ working solution was
made before each experiment. Parasitized erythrocytes were incubated for 8 or 10

25  hours in 30 uM of CQ and .washed twice with MCM prior to assaying for apoptotic
features.

Alitoehondria trans:-membrane potential assay. Cell permeable lipophilic
cation probe JC-1 (Molecular Probes), also known as 5,5', 6,6 '-tetrachloro-1,1',3,3' —
'tetraethyl-benzimidazolylcarbocyanine iodine, normally has green fluorescence (525

- 30 'nm) but aggregates at hlgh transmembrane potential of functional mitochondria to
| emiit an orange-red ﬂuorescence (excitation maximum at 590 nm) (See Smiley, S.

’.T.', etal., (1991) Proc Natl, Acad Sci USA 88,3671-3675). A final concentration of 6



r  HNNNN Chl oroqui ne  Coumarin Results of Flow cytonetry anal ysis

Fl ow cytonetry anal ysis reveal ed that chloroquine (CQ -susceptible strain
10 3D7 shwoediidiotf1erent | evel s of CM CQ accunul ati ons c@OP&G2E01000240
CQresistant strains 7& and K1 (p<0.05 for both). Pre-treatnent of KL with
VPM CPZ, DSP and PMZ significantly iTreased OM CQ accumul ation (p<0.001
for all). This increase was al so detected when KL was pre- treated vm'th CPR

(p<0.05) but not when cells were pre-treated with PPL or 5)
r epr esent edMRIARs! wap addeddo P @bﬁgﬁl’%ﬁ%d RArpUHzGHsTYirgCcytss @n 8“%‘9

per cent ageg; ftg Fpﬁﬁﬁft'lﬁlﬁﬁ%lg%@ E@ e 6t FMhidddsOCefi v efe A BE twice with

(CQ - suscept e strain resistant strains /&8 and K1 and K1 strain
sensiti zecPBSbhdsesu@en&mmﬂl@mgmals\ethnebeﬁ)rsbeingamaljzmlbartﬂnﬂe measur ed by

t QW cyt or r;’et gtry PE FITC ratlos 'were obtamed to determine the extent of nutochondrlal
. 5 :dysregulatlon o _
- Inhibitory concentration (ICs) detenﬁination. Parasitized cultures (ring
stage) diluted with fresh erythrocytes and MCM to 2% parasitemia and 1.25%
* hematocrit were incubated with various concentrations of commercial CQ (Sigma),
coumarin (CM, i.e., 7-dimethyl amino-4-coumarinacetic acid) and CM-CQ for 48
o -10 hours. To detennine parasitemia, cultures were stained with Hoechst 33342, as
described above, and analyzed by flow cytometry. The ICso will be determine by a
| .similar protocol for CQ-resistant isolates, such as K1 and 7GS.
o Fi lbw; Cytometric Aﬁalyses. Cell numbers and fluorescence intensity after
| stammg with JC-1 were assayed by a flow 'cyfometer (DAKO Cytomation Cyan
15 ADP), equipped with an ’ar'gon-ion laser tuned to 488 nm and a violet laser tuned to
405 nm. Green and red fluorescence was detecfed using 525 and 595 nm band-pass
ﬁlters.respectively. The flow cytometer was adjusted for forward and side scattering
to accommodate infected erythrocytes. Between 10,000 to 20,000 infected
erythrocytes or enriched parasites were analyzed from each sample and its respective
20  duplicate to ensure reliability. At least three independent exper_imenfs were
performed unless otherwise stated.
Confocal microscopy. Confocal imaging was done using Olympus®
Fluoview FVIOOOTM Q] apah) equipped with sOlid state and Argon ion lasers tuned to
405 nm and 488 nm respectively. Images were captured using Olympus Fluoview
25  version 1. 6b. '
Statistical analyses. All data shown are means + SEM. Statistical difference
‘between percentages of stained cells was measured using one-sided paired t-test for

means. Significantly different results (p < 0.05) were highlighted.

30 . Results
Mitochondrial membrane potential assay. The accumulation of JC-1 J-

:ag:gregates 1n uninduced cells showed that about 90% of the parasites contained



20 Results of Fluorescent plate reader analysis Anal ysi s by

Fl uorescent plate reader reveal ed that chloroquine (CQ- susceptible strain
3D7 showewodnfiimeast | evel s of CM CQ accunul ati ons conpacedceooOdunesi st ant
strains 7& and K1 (p<0.001 for both). Pre-treatnent of KI with VPM CPZ,
DSP and CPR significantly increased Cl@LCQ accunul ati on (p<0.001 25 for

all). This increase vvas al so detected when K1 was pre-treated with PMZ

(p<0. 01 t' not. whe l.Is re-treated w RL DTZ. (Data

repr ese)nt gﬁ“‘ﬁ’é’&ﬁ]sm* é"@m%atf ¢ FECPotsmft eﬂ)l‘%)éﬁl@%?ﬂ%\ﬁg( rel ative

fl uoresceqﬁlcfdgg%s tﬂ&?&ﬁgﬁf@pﬁ*%@,@gt@ahﬁt&g&d&ﬁﬁﬁl stant strains
strain -

7& and K1 and sensitized with seven known

chenp- sendiredtmentswith £ phEM-Ebcausedredeserdeperdentdedine ip fhis proppriionde cent

readout . ncl usi o CMVE S_.u i n_di stinguishing between

CQ sensi t%@gro am&‘%sroa ag@‘%ﬂgﬁpegnveyof P. falciparum Further, CM CQ was
able te reli ab|1uht$ﬁb@DCorﬁ:eﬁ#btz&f THeEICS, c&mmwybbm&aﬁ@gwcmmough

i ncreased fl uorescence accurulation in infected cul tures using either flow

cyt onet ry §@fagP §¥CWW@%%@E&€Q&“§?@nMﬂW% t thebeglogigal 10 The

t eachi ngs 4 H{é‘ﬁi heth feRhihfent Fref &Pﬁﬂe eCi ted
herei n ar egtlfln oér)fp(g ate JH%%‘@eﬁlencegtPa{r: cgffr entirety. ﬁﬁ ﬁ]h ‘
i nvention bhdeglbﬁieelfﬁgm:lytqfﬂmai(])yl&hawnesawetedmasuneﬂeadd\thetlhhibﬁor}ef er ences to

exanpl e e di ment reof ..it wll nder st d n the
AP o C PR ot the, S ing cpPpREr e (0 A ThETS R lien O Howt
gfg?go ng _cafnaierélmec@%afmfc@%e Q¥eRhined R ATBEBSRM M 34bg23pRended

respectlvely .Coumarin (CM) had no detectable inhibitory effect at the tested

concentratlons and was not cytotox1c
The b1010g1ca1 act1v1ty of the CM-CQ in 7G8 (CQ-resistant) and K1 (CQ-
'reéistant) will be mvestlgated by a similar protocol. Because 7G8 and K1 isolates
15 areresistant to CQ, it is hypothesized that the ICso of CM-CQ will be substantially
- - higher for these two isolates than for 3D7. Resistance to CQin K1 strain is
reportédly reversible by verapamil, whereas that for 7G8 is not affected by this
compound (See Chen et al. Antimicrobial Agents and Chemotherapy 2003 47:3500-
3505). As such, pre-treatment of parasitized cultures with verapamil is hypothesized
20 to decrease the ICs value of K1 while that of 3D7 and 7G8 should refnain relatively
unchanged e?en_in the preSence of verapamil, suggesting that resistance of K1 and
7G8 to CQ also protects these strains from CM-CQ.
'Do.'ve'-:dependent.eﬁ”ect'of chloroquine. JC-1 and CaspaTag assays were used
to investigate programmed cell death (PCD) features at different concentrations of
25 CQ. Atlow nanomolar concentrations, there were basal levels of PCD features but
at micromolai concentrations of CQ, there was a large increase in the proportion of
cells displaying mitochondria outer membrane permeabilization (MOMP) and
activation of caspase-like proteases (FIG. 3). Confocal microscopy was then
S employed to assay for concentratlon-dependent differences in the cellular
g 30 | locallzatlon of CM-CQ. It was observed that CM-CQ accumulated in the hemazoin-
| contammg food vacuole at nanomolar concentratlons which is in agreement with

conventlonally accepted mechanism of CQ's antimalarial activity (See Foley, M



CLAIMS What is clainmed is: 1. A conpound for use in malarial research,
conprising a counmarin-tagged antinalarial, wherein the coumarin is

opt i onal lwoubgte4ist ed and is connected to the anti mal arcalscetmwmoeho a

| i nker. 2. ‘A conpound conprising a coumarin-tagged antimalarial, conprising
counarin connected to the antimal ari al29%hrough a linker, wherein the
courmarin and |inker are represented by the follow ng structural fornula: O

3. The conpound of Claim 1, wherein the antimalarial nolecule is
chl or oqui reed TalleshiLof\998) Raarweqco| Bren9, §8-83). o4 micreraplapeoncentrations c onpound
repr esent oW fural . . ) npound
rapr osont ai syt A 1SS dbullhoSlehiflell - spBL B ehraFEGtthe paathéh?
2011/ 002415%13356@(31&‘66@ Diiéfdseop3Ihowed by JC-1 staining that the function of the
| ‘ jnlitochOndridn of a parasite is reduced upon exposure to coumarin-labeled
5 :chjoroquine (CM-CQ). Nd accumulation of CM-CQ is detected at 30 nM, but at

300 nM, CM-CQ localizes in the hemazoin-containing food vacuole of the parasite.

Accumulation of CM-CQ within the parasite is non-specific at concentrations
| exéee_ding 3 1M and localizes throughout the parasite’s cytoplasm. At these
concentrations, CM-CQ also induced mitochondria-outer membrane

10 permeabilization resulting in mitochondria that were not clearly defined.

Discussion 3

- LocaﬁZation studies using CM-CQ, a fluorescent-labeled analog of
lchioro.quine,' Showed a shiﬁ m the lbcalization of the drug from the food vacuole at

15  nanomolar conceéntrations, to the cytoplasm of the parasite at micromolar
concentrations. This suggests that the PCD feafures observed are brought about by
CQ accumulation and by the subsequent activation of PCD mediators in the

cytoplasm.

20
Example 5. Use-of CM-CQ in studies with chemo-sensitizers

Methods - o
Synchronized malaria parasite cultureé (mid-ring stage of Plasmodium
25  falciparum) df approximately 10% parasitemia and 2.5% hematocrit were pre-
treated with éither a vehicle control (PBS) or 10uM of known chemo-sensitizers
‘verapamil (VPM), propranolol (PPL), diltiazem (DTZ), chlorpromazine (CPZ),
desipramine (DSP), promethazine (PMZ) or chlorpheneramine (CPR) for 30min at
3 7°C. Subsequently, 6uM Qf Coumarin-Chloroquine (CM-CQ) was added to the
30 samples for 10hrs and qut ﬁo incubate in the dark at 37°C. To ascertain the exact
' parasitemia of each condition, cultures in duplicate wells were stained with Hoechst

just before flow cytometric analysis and fluorescence plate measurements. The



, or a salt thereof. , or a salt thereof. 7.A conpound represented by
the followi ng structural formula: O 10salt thereof. 8. A nethod for

i denti fi owmDi20n/mB418 target in a cell, conprising the steps/scholomsgasi ng t he
cell to the fluorophore-tagged anti rral32);i al of any one of clains 1 to 7;
15al l owi ng the fluorophore-tagged antiitval arial bind to its target;

__ proportion of CM-CQ-stained parasites was the ratio of the proportion of CM-CQ-
stained infected erythrocyte culture over the proportion of Hoechst-positive

: erythrocytes
f Molecular Structure of CM—CQ

HN/\/\/N\)LH/\/N
N
_ Pz
_Cl N
5 | ,
- Chloroquine ‘ Coumarin

" Results of Flow cytometry analysis

: ' Flow cytometry analys1s revealed that chloroqume (CQ)-susceptible strain

10 3D7 showed different levels of CM- -CQ accumulations compared to CQ-resistant
strains 7G8 and K1 (p<0.05 for both). Pre-treatment of K1 with VPM, CPZ, DSP

-~ and PMZ significantly increased CM-CQ accumulation (p<0.001 for all). This
increase was also detected when K1 was pre-treated with CPR (p<0.05) but not
when cells were pre-treated with PPL or DTZ. (Data represented means from two
15  separate experiments.) FIG. 8 shows percentages of parasites stained with CM-CQ

for chloroquine (CQ)-susceptible strain 3D7, CQ-resistant strains 7G8 and K1 and
K1 strain sensitized with seven known chemo-sensitizers described above, measured

by flow cytolnetry.

20  Results of Fluorescent platé reader analysis
~ Analysis by Fluorescent plate reader revealed that chloroquine (CQ)-
susceptible strain 3D7 showed different levels of CM-CQ accumulations compared
to CQ—resistant strains 7G8 and K1 (p<0.001 for both). Pre-treatment of K1 with
- VPM, CPZ, DSP and CPR significantly increased CM-CQ accumulation (p<0.001
25 ifor all).. This increase Was:élso detected when K1 was pre-treated with PMZ
' :(p{0.0ll) but not when cells were pre-treated with PPL or DTZ. (Data represented
means from two separate experiments.) FIG. 9 shows relative fluorescent intensity

for (CQ)-susceptible strain 3D7, CQ-resistant strains 7G8 and K1 and K1 strain



capturing the fluorophore-tagged antinmalarial bound to the target on
animrnobilized affinity ligand specific for the fluorophore tag; and

i denti f yiwg 2bhmoteaasget bound to the fluorophore-tagged aotriscab@rooeso WO
2011/ 002415PCT/ SG2010/ 000240 - 34 - 9. A nmethod for identification of a
target in a cell, conprising the steﬁéldf: exposing the cell to the

fl uorophore-tagged antinmalarial of the followng structural forrmula: , or

a salt : s%r?sitize:(li%i/ith sle%ér:lL Eéhowr% cc):hemo-sensitizers described above, measured by direct

plate fluorescent readout.

Conclusions
5 " CM-CQ was useful in distinguishing between CQ-sensitive and CQ-resistant

strains of P. ﬁzlciparum. Further, CM-CQ was able to reliably detect 5 out of the 7
chemo-sensitizers tested through increased fluorescence accumulation in infected

~ cultures using either flow cytometry (FIG. 8) or fluorescence plate measurements
(FIG. 9).

10
nThe téachings of ali patents, published applications and references cited

i :hérein are in¢0rporated by j'cference in their entirety.

‘While this invention has been particularly shown and described with
15 references to example embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



12. 25 thereof; allowi ng the fluorophore-tagged antinmalarial bind to its
target; capturing the fluorophore-tagged antimalarial bound to the target
on an i mwbidbizwekaffinity |igand specific for the fl uoroplsoreotagso and
identifying the target bound to the f% orophore-tagged antinmalarial. The
met hod of Clainms 8 or 9, wherein the tdrget is identified by N-term nal or

i nternal protein sequencing, mass spectronetry, gel electrophoresis, or
gene silencing with si RNA or RNAI. d for determning the | ocation of
a fluorophore-tagged antimalarial w or on a cell, conprising the steps
of : exposing the cell to the fluorophore-tagged antimal arial of any one of
Clainms 1 Rghn; d %isayingithe cell to determ ne the |ocation of the

f | uor ophor ;?dﬁggﬂp ?Inalarial wi thin or on the cell. A nethod for

determ ning the | ocation of a fluorophore-tagged antimalarial within or on
a cell, canpri sA sgmpdndsforpse iafmalaviglasseagchl bomprédihg & cotharin-tagged

fl uorophore-tagged antjmal arial of the foll ow ng structurgl fornuh?: WO

2011/ 002415PCT/286p@'AgAb FiErgn thexepumarin is optionally substituted and is connecte
5 to the antimalarial through a linker.
2. A compound comprising a coumarin-tagged antimalarial, comprising

coumarin connected to the antimalarial through a linker, wherein the
coumarin and linker are represented by the following structural formula:
- o
‘H O | 0
C o H N~ '
10 ' I, or salts thereof.
3. The compound of Claim 1, wherein the antimalarial molecule is chloroquine,

a chloroquine derivative or a salt thereof.

15 4. A compound represented by the following structural formula:

, or a salt

| thereof.

v-5. A compound represénted by the following structural formula:



, or a salt 13. thereof; and assaying the cell to determne the |ocation
of the fluorophore-tagged antinmalarial wthin or on the cell. The nethod of
Cl ai m 11 wo 20200nhsrei n the cell is visualized by confoegl/schenmseapy. 14.
The nethod of Claim 1l or 12, wherein the cell is visualized by
fluorescence 10m croscopy. 15. The mstHod of Caim 1l or 12, wherein the
cell is assayed by flow cytonetry. 1516. A nethod of preparing a

f1 uorophore-tagged antinal arial represented by the follow ng structural
formula: . , or a salt thereof, said nmetod conprisi'ng the step of:
reacting a conpound represented by the foffow ng=rugtural fornula:

, or a salt

therebf.

6. A compound fepresented by the following structural formula:

5 , or a salt

7.

,ora
10 salt thereof.

8. A method for identiﬁcation of a target in a cell, comprising the steps of:
exposing the cell to the fluorophore-tagged antimalarial of any one of claims
1to7;

15 ‘ allowjng the ﬂuorophore-tagged antimalarial bind to its target;

_capturihg the ﬂuorbphore-tagged antimalarial bound to the target on
animmobilized affinity ligand specific for the fluorophore tag; and
identifying the target bound to the fluorophore-tagged antimalarial.



O Br Thr N " NO 201, or a salt thereof with an antinalarial represented
by the follow ng structural fornula: WD 2011/002415PCT/ SG010/ 000240 - 36
- , orwe 288aldo241ter eof , thereby form ng the fl uorophoreTisegae®doo240
antimalarial. 17.A nethod for identification of a conpound that can alter
resi stance to 5chloroquine in a resi sttt strain of Plasnodium conpri si ng:
a) exposing a chloroquine resistant Plasnodium parasite to a test conpound;
b) adding the fluoro -ta i i '
f z)r' mul a: g 9. /Lmeth(?Jl %rr ?den?'lggzae"tgonao altanragle? 1rnI aaéell?fcoénr)]relsi}clg Meos\{meprs]%f:St ructural

' | expo$ing the cell tofthe fluorophore-tagged antimalarial of the following

structural formula: -

. , Or a salt
5 thereof,
- 'allowing the ﬂuoroj)hore-tagged antimalarial bind to its target;
capmﬁng the ﬂuorophore-tagged antimalarial bound to the target on an
immobilized afﬁnity ligand specific for the fluorophore tag; and
‘identi'fying the target bound to the fluorophore-tagged antimalarial.
10 | |
10. The method of Claims 8 or 9, wherein the target is identified by N-terminal
~or internal protein sequencing, mass spectrometry, gel electrophoresis, or

gene silencing with siRNA or RNAI.

15 | 11. A method for determining the location of a fluorophore-tagged antimalarial
within or on a cell, comprising the steps of:
exposing the cell togthe fluorophore-tagged antimalarial of any one of Claims
1to 7, and '
_ asséying the cell to determine the location of the fluorophore-tagged
20 antimalarial within or on the cell.

12. A method for determining thev location of a fluorophore-tagged antimalarial
w1thm oron a cell, 6omprising the steps of:
L expoSing the cell to;the fluorophore-tagged antimalarial of the following
25 Su'uctﬁral formula: o



, or a salt 10thereof to the exposed parasite of step a); and c) measuring
fluorescence signal, wherein an increase in the fluorescence signal froma
basel i ne woeasuwmpast is i ndicative of a conpound that caoTaiGRen/oisor oqui ne
resistance. 1518. A nethod of identificgfion of a chloroquine resistant
strain of Plasnodium conprising: a) exposing a chloroqui ne resistant
strain of Plasnmodiumto the fluorophoretagged antimalarial of the follow ng
structural formula: ; .or a salt WD 2011/062415PCT/862010/000240 - 37 - b)
measuring fl uorescence’ S|gnal mhereln a dec\-_\wn, : 41 uorescence

signal froma basellne'neasurenent_ }]f?hlorqu|ne
resistant strain. her\ein the parasite

i s-visualized bt —C{ - The "?‘d of Claims 17 or 18,
wherein. the para3|: f ixeq! by %1 uor escgfice microscopy. 21The net hod
of Clalns 17 or 18,

, or a salt
there'of; and _
assaying the cell to determine the location of the fluorophore-tagged

~ antimalarial within or on the cell.

5 _
: 1 3 . The rhethod of Cléirn 11 or 12, wherein the cell is visualized by confocal
| ‘microscopy. - »
14. The method of Claim 11 or 12, wherein the cell is visualized by fluorescence
10 microscopy.

15. The method of Claim 11 or 12, wherein the cell is assayed by flow
cytometry.

15 16. A method of preparing a ﬂuorophore—tagged antimalarial represented by the
| followmg structural formula: '

_ , or a salt
thereof, said method comprising the step of:
_reacﬁhg a compoqu represented by the following structural formula:
' o o .
"H (0] | 0
Br NN
o) H

20 ) W , or a salt thereof with an antimalarial represented

-

by the following structural formula:



cytonetry.

WO 2011/002415 PCT/SG2010/000240
-36-

, or a salt thereof, thereby forming the
fluorophore-tagged antimalarial.

: 17 A method for identification of a compound that can alter resistance to
5 | o chloroquine in a resistant strain of Plasmodium, comprising;:
| a) exbosing a chloroquine resistant Plasmodium parasite to a test compound;
b) adding the ﬂuo;dphore—tagged antimalarial of the folIowing structural

fonnﬁla:

, Or a salt

10 thereof to the exposed parasite of step a); and
' ¢) measuring fluorescence signal, wherein an increase in the fluorescence
signal from a baseline measurement is indicative of a compound that can

-alter chloroquine resistance.

15 18. A method of identification of a chloroquine resistant strain of Plasmodium,
‘comprising:
a) exposing a chloroquine resistant strain of Plasmodium to the fluorophore-

tagged antimalarial of the following structural formula:

, Or a salt

20 thereof; and



10

WO 2011/002415 PCT/SG2010/000240

19.
- 20.

2 13'.

-37-

b) measuring fluorescence signal, wherein a decrease in the fluorescence

signal from a baseline measurement is indicative of the chloroquine resistant

strain.

The method of Claims 17 or 18, wherein the parasite is visualized by

* confocal microscopy.

The method of Claims 17 or 18, wherein the parasite is visualized by

‘fluorescence microscopy.

‘The method of Claims 17 or 18, wherein step (b) is measured by flow

cytometry.



