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Abstract

Malaria, one of the most serious infectious diseases, is a major public health problem.
Female anopheles mosquitoes are a carrier for human malaria. Almost half of the world’s
population is at risk with over a million deaths reported annually. Chemotherapy for malaria
has become less effective due to drug-resistance problem except with artemisinin. However,
with its prolonged parasitic clearance time, a serious concern for its resistance has been
raised. Artemisinin (ginghaosu) is a bioactive sesquiterpene lactone isolated from the
Chinese herb Artemisia annua. The endoperoxide moiety is critical for its potent antimalarial
activity. It has been known that a cleavage of the endoperoxide by Fe(ll) is necessary to
generate reactive radical intermediates. Its exact mechanism of antimalarial action as well as
its binding molecular receptors has remained elusive.

The aim of this investigation was to identify biomolecules that interact with
artemisinin that could become its potential molecular targets. Synthesis of artemisinin
derivatives as reactive chemical probes led to an artemisone-typed compound with an ICs
of 1 nM against multi-drug resistance Plasmodium falciparum K-1 strain. This chosen
chemical probe was incubated with parasite-infected red blood cells in the late
trophozoite/early schizont stage. Upon the hemolysis, the parasite proteome was reacted
with functionalized magnetic nanoparticles to enrich the reacted proteomes. Comparative
MS chromatogram of the trypsinized peptide fragments with control experiments gave
additional peaks of the enriched proteomic samples. Further de Novo sequencing results
suggested about 10 artemisinin-binding proteins with good ranking scores. Among the
identified protein, hemoglobin and SERCA have been known to interact with artemisinin but
they are not directly related to its antimalarial action. Other molecules will be investigated
for its relevance. Validation of these biomolecules as artemisinin’s molecular target will be
further carried out and their biological relevance in the killing mechanism of artemisinin will
be evaluated. Although the exact mechanism of action of artemisinin has yet to be
confirmed, the information provided from this chemical biology investigation has narrowed
down the list of its potential molecular targets. The information will be useful to malarial

researchers and will greatly benefit the development of antimalarial chemotherapy.
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g‘tJ‘ﬁ 3 ORTEP drawing ¥83 9-(2-propynyl-artemisinin uaaslitfiuils substitution UBINGY propargyl
70U a-face 99 artemisinin. Crystal data: Monoclinic, space group P2(1), cell parameters: a = 10.2615(4),
b =9.2064(2), c = 10.3057(4) &, b = 119.376(2),, volume = 848.41(5) »’. R = 0.0428, wR = 0.1203.
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N138uATIER dimer of a- and B-dihydroartemisinin ether

Dihydroartemisinin LoviUAzeAu Lewis acid titeagyiiAzeniiu nucleophile Usng
TMansakenla dimer ¥09 a- and B-dihydroartemisinin ether Aauans X-ray crystal data:
C30H4405, Monoclinic. space group P2, unit-cell parameters: a = 10.3520(3), b = 12.0290(3), ¢

= 12.0800(4)A, b = 93.413(2), V = 6916.(6) /33, R =0.0482.
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A5ELATIEY 9,10-Anhydro-10-deoxoartemisinin
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Tuangdl dihydroartemisinin ¥inuFAzeniu TMSCL Tuanmgifuiua/nucleophile wuin
\Anansuansaeifidunauanufise dehydration 11 lnpanunsannsdnuasnuilassasiase
wAlA X-ray crystallography patkand.  Crystal data: Cy5H»,04, M, = 266.337, Orthorhombic,
space group P2(1)2(1)2(1), cell parameters: a = 9.021 (4), b = 6.234 (2), c = 25.146 (8) A, Z = 4,

V= 1414.109) 4 °
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g‘tJ‘ﬁ 7 ORTEP drawing of 9,10-Anhydro-10-deoxoartemisinin

N1389,A312%10-N-methylpropargyl-10-deoxoartemisinin

BUNUgYDY artemisinin Tungy artemesone (21) gndans1esilag double nucleophilic
displacement lagviUAsen5e1ing dihydroartemisinin iu sodium bromide ag
trimethylsilylchloride Tulngdu Faazld 10-bromo-desoxoartemisinin Tu ﬁau‘ﬁﬁmﬁ@ﬂﬁﬁ%mﬁu
secondary amine fldde N-methylpropargylamine laansuaniugiuszanu 30% vyield Tunsdald

primary amine wuasuanssaulugaglaidu dimeric compound
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1) NaBr, TMSCI,
toluene, r.t.15 min
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2) N-Methyl—propargylamine

a L4 v

Trssafrsvesansiidaunneiligniigadiondnuaifiodeya NMR annsannwdniitednun
1A59d51998MALA X-ray crystallography fauans  Crystal Data: CioHpgNO, , M, = 335.4444,
Symmetry Monoclinic, space group C2 , a = 18.2648(13) A , b = 10.0453(7) A, ¢ =

13.3871(10) A, B = 131.642 (3), V = 1835.5(2) A*, Z=4,R = 0.0347

gﬂﬁ 8 ORTEP uanslassasandnvas 10-N-methylpropargyl-10-deoxoartemisinin



HANINAFBUNTNTINN

< a & i ~ = ~ !
HANINAdBUgSMSTInWABLYe P. falciparum \ielUSeulieusEwing 9-(2-propynyl)-

[

artemisinin ag 10-N-methylpropargyl-10-deoxoartemisinin dnagiail

Compound ICsp (NM)
9-(2-propynyl)-artemisinin 100 £ 7.8
10-N-methylpropargyl-10-deoxoartemisinin 1.1 £0.02
dihydroartemisinin 4.2

gﬂﬁ 9 1A39a519U04 9-(2-propynyl)-artemisinin tag 10-N-methylpropargyl-10-
deoxoartemisinin wansliliuinguunung C-9 vbiAnaunznzuazan reactivity veq

endoperoxide

nndoyagninisdanmuandliiiu alkynated probe Tfuanseyiusves artemesone il
ﬂ’]iaaﬂfméﬁaﬂ’j’] dihydroartemisinin -~ Uszu1au 4 11 Lag@nan 9-(2)-propagyl-artemisinin
Usrann 100 wh dlethionlassaiendnvesisanseyiusiniuisuisuuiilifiuin a1nlassadns
19y chair-like 18934 lactol nguunufid s 10 azoglusiumisues equatorial wsidisumia 9
awaglu axial conformation wayleglnafiungu endoperoxide Faoraviiliin steric effect Tunns
ﬁﬁ]mﬁmﬂﬁﬁ%a’lﬁu target %30 receptor 19 lawagy @1510-N-methylpropargyl-10-

deoxoartemisinin wingauiunsilulidu chemical probe Tumsanwrduideuansesely
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o ¢ & P a
N1IFILAIITNEITLIBY LLaﬂLW@IﬁUﬂqiﬁmﬁaqﬂ

d‘ a = d‘ -] aaa U . a £y

WegaUszasAlun1sinmudluananviniuiiseniu chemical probe nadanN1Sn$I9T0/
a 1% A I A ada [ N . o aaa [ IS
Anmumigansisaawandumaiianiaiuligs Inendsaini chemical probe vinUfAseniuansdy
Imaqauéﬁ Aelafansi3oauas (fluorescent probe) 731 functional group % compliment Ay
chemical probe vhUfAseludusialy wislvdiluanaivitujizeninnisisoduadiazaunsn
nsadnlanely

Tuguilldnsey fluorescent probe 91uau 2 wila lnsdunsiesiluiingy azide NUanewils

Town

Coumarin-based fluorogenic probe

19194Ww31 coumarin-based probe Miagldazinmenau -N; 5o acetylene Ingluduils

duA5189 3-azido-8-hydroxycoumarin tieldlun1sianu chemical probe 7iingy acetylene o)

HO\©10;/EO HO © 0

Z Z

oo
H

g‘tJ‘ﬁ 10 Tpsead19wes coumarin fiagthluld (@e) 3-azido-8-hydroxycoumarin (31) 3-ethynyl-8-

hydroxycoumarin

1MN15dUAIIEN 3-azido-8-hydroxycoumarin laneisaalull
CHO
o o o
O e, ey °
PN
HO OH N COOH A0 = )k

HO O O

Iz

1. HCI:Ethanol =2:1
—_—
2. NaNo,
3. NaN, Y
3
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A5&UAIIEY azido-rhodamine

Azido-rhodamine wag azido-fluorescein @unsaw3ulaaINUA38158MI19 thiocyanate

derivative 984 fluorescent dye uag azidoamine MANLEUAIALNNT

R R R R
' ' ! 0 !
R o N, R~ 2R
COXT™
= =
I COOH EtOH, RT O COOH
HN
N\\C ~C=S
XS HN”
N3

a

lunsalves azido-rhodamine lastasisldgnitaatilaginain HR-MS (ESI-TOF) lngdlen m/z

Y

= 7183344 (M) (calculated 718.3381, Chemical Formula: CsHegN,O,S) wae X-ray

crystallographic analysis fa0 %

*N( (0] N(
ASSYR
9

H
HN
N E N\/\O/\/O\/\o/\/ N3
S

g‘dﬁ 11 ORTEP drawing U84 azido-rhodamine-EtOH solvate fidapszeile Crystal data:
Monoclinic, space group P2(1)/c. Unit-cell parameters: a = 16.5640(6), b = 18.6060(7), ¢ =
15.5990(6) A, 3= 105.100(2)°, V = 4641.46 /3\3, R = 0.1506.
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A5ELAIIEY fluorescent artemisinin

U581 cycloaddition 5811119 9-ethynyl-artemisinin kag 3-azido-7-hydroxycoumarin
(22) idaA5129Ale Tuan izl copper() 1y catalyst ldgnwaaey ileduduliviudsmnudululs
lunsiinUATe15e1379 chemical probe wag fluorescent dye a38UfA381 bioorthogonal
conjugation Cu(l)-catalyzed Huisgen cycloaddition (17, 18)
auNusvas artemisinin - 1% chromophore  3alsiiSasuasnielduas  ultraviolet Faly
@I NATIEIARALUL thin-layer chromatography a18ld UV lamp 16 usndaainivinufazen
U azido-coumarin awiinLusyiugues artemisinin A3vsuasneld UV lamp (366 nm)

UV-Vis spectrum IGENSRATAK absorption peak Uszanad 340 nm wazl fluorescent signal i

490 nm  1A5985199849 fluorescent coumarin-artemisinin lﬁgﬂﬁmiwﬁﬁwm%ﬁﬂ NMR

CHs

H

N—N
N
\ m
O @) OH
0.45 7 —— dil 150x
dil 200x
0.35 - dil 250x
— dil 350x
— dil 400x
£ 0.25 — dil 500x
—dil 750x
0.15 dil 1000x
0.05
-0.05290 340 390 440 490 54¢
: Abs(nm)

g‘d‘ﬁ 12 wanslpssadiaves fluorescent arterisinin Minan Cu(l)-catalyzed Huisgen
cycloaddition Uag UV-Vis spectrum
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gﬂﬁ 13 Fluorescent spectrum 989 coumarin-artemisinin uansliiiiu emission AiUsEaM 490 nm

(excitation wavelength: 340 nm)

v 6

NIANATIERETRUNUSIS DILAIVRY artemisinin AIgUATe158nINNGY azide Uag

alkyne fagUfATen click chemistry Budufisufiisennaglglunszuiunis bioorthogonal

conjugation luduneuselumiy

mMiduasgiaynaulmndnszauulumes uaznsveaaunisunlly

Mnuamsfnuudosiu lunsuenlusiufivhuiatentu chemical probe ndndiuen
§e SDS-PAGE gel electrophoresis uazinmusiawadanisiiouas nuit band #ildde
hemoglobin &udu primary tareet wed artemisinin Iagldiiu band Sufidoau wi1n1s
AanuUfizeseasideauanduisi sensitive 11n uflunsdlfflusfuiiinauos Sadutgm
filsianunsadanalddaiou esanazgnsuniulaslusiufiinsduslaifitn witiuSunamnni
Tiinsidewataeunit lunsalinududuves hemoglobin TwidenildUszanm 5 mM
Fieuiulusfuduiifivsinadesninunnlusesu pico- (107 w3e femtomolar (107)  da.8u
Uszifiudadfafieadiu dynamic range ¥83n15957937 ﬁﬁuumumﬁ%’aﬁaﬁaaﬁmaﬂ%’uﬂgﬁ%
faznenlsiuiifesnsf@nwieenuianufiten Tasazfunisuszendld nanotechnology 184

ayntnvuInuluunsidauaudiudvan welduszlavdlunisuenlusfiufifesniseanu

(capture/ enrichment) ayn1ATWIAUILLLASHTERANTT solid support vuAluAseuildlaenaly
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YY)

INSIZAUIATILANNIININ 988 specific  surface area 11NN WaEAEUAULUSAULUY non-

specific Yoan11a2e YL background #ndn (23, 24)

Wotdunis@nwiaudululdvasiiielunisiseudimatianaziu Tunisin
nanoparticles  technology w1l FslaanilunisAnwriidedeslunisadne magnetic
nanoparticles 915 methotrexate @udu inhibitor veateulesl dihydrofolate reductase -DHFR

Ao v a va Y ° v o ¢ Aa v a
WN@%IUV@QUQUWﬂ'ﬁ@E;JJLLa’J) IG‘IEJ%%‘L!']QJWVI@I?{@Uﬂ'ﬁ"UUﬂ‘UL@uVL‘UlI DHFR 1610038 @1363096b& 3

= v

m3duasgieynavuauluunsidnuaiRuivEn uwaxdiian3ewng methotrexate

aunAkilanseauunlulunsgniaseulaemaila co-precipitation Inafoyn1aves
FesOq L"ﬂul,mu‘ﬁgﬂLﬂaa‘uéf’sEJ%HU’]WEN%aﬁ’laaﬂi%ﬁ FiflournUszana 8-10 uluuns (210
n1sAnwImWALA powder X-ray diffraction) wé’qmﬂﬁtﬂmejmﬁﬁlﬂu linker %38 spacer {2
UNAMYDY functionalized magnetic  nanoparticles  (MNPs) Qﬂmgﬁéf’s&l methotrexate
(MNP@MTX) %ﬁLﬁu specific inhibitor Yaaulel dihydrofolate reductase ANUVBY 2,4-
diamino-pteridine unguiidusiu active site vosioules] Fsanunsoldnga carboxylic Tuns

397U nanoparticles 19 Taefifinsauasnsatunisiviuioulesiidvwineg

] ]
g
4 j/ Ho ,uj\©\ N
—Si N Z N Z N

NTILATIZAUIUIUVDS methotrexate (MTX) ULRAUBS magnetic nanoparticles Wui
Huszanu 1.8 lulasnsu (MTeuszaunu 4 uilulia) Aeliadniuues MNP@MTX Tagldioulssl
proteinase K Tunslalasladaiusziudlndidonszning MTX fu MNPs nUTanas MTX fign
Uasgeonuiluansazatesiewnes UV-Vis spectrophotometer finnuenandu 340 wiluing

lngigufivansavaneuInsgiu
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AMsnaaaun1sIuiuLaulesl DHFR Y89 MNP@MTX

nmMsnageumLaETalunsTuAuleulesiit iy (dihydrofolate reductase, DHFR)
Y84 methotrexate-functionalized magnetic nanoparticles (MNP@MTX) wWaunsneaeau
! ) a o ] vy ' I v ¢ N . aa
pgstaunamsadunaiulamealar Wunsldeulel Plasmodium vivax DHFR 7idn
8 fluorescein lagld P. vivax DHFR viUfiseniiu fluorescein isothiocyanate (FITC) lngay
Nnufiseniungy lysine Neguuiliuanvaslaana inuse thiourea YU d1m3U fluorescent
dye aunlivinufizeuensanlagly P-10 desalting column fendnnIs size exclusion

chromatography

NH, HN /
FITC
—_—_——
PBS buffer

gllﬁ 14 nsAnansisesuasiulusiu dihydrofolate reductase Tngnnsld fluorescein isothiocyanate
PVDHFR-FITC conjugate & emission A1Uszanau 520 nm (excitation wavelength: 495 nm)

TUsfiu DHFR-FITC Sosuas Tuasfiauenindu 518-520 urlulting Memsson) Lﬁagﬂ
ﬂﬁzéjué’amlmﬁﬂmumm?iu 495 UTuns (heiaien)  PVDHFR-FITC filginnsBosuasnels
wassanshilaldn (MSeanunsalduasn black light) lalaeiseauaadudilen lnesmenudan
melduasniivn ssdiuduansazanelaliia TUsiufiBewailddazannsalduandisiuns
Jusiuiulaanaves methotrexate ﬁagjuuﬁmm magnetic nanoparticles lagznan way

FALAU
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Ul 15 manaaesld MNP@MTX Tunsfnw affinity binding AUlUsAU PYDHFR-FITC fiSeauas am
A+C Wunwanenieliuasund waznm B+D Junwanglduased (L 366 nm)

¥ Y @ ! o =2 [ a
PNANAUUULARdlLeg1edalIuiaauansalunsIulUsAY DHFR Yes0un1A
o va 1 @ aAaa & | v a1 oA Y § v
AU luunsninuaudRwimvaniiiiuendungu methotrexate  Aelauasdianinseduly
ansazaneNTlUsAu DHFR-FITC (30 lulasnsy) egiinsisesaniliansasanaludiles uax

a

Wi MNP@MTX Useanay 5 fadnsu Tunay wenung Lineamall 4 ssmwadvaUssana
15-30 un¥l - ndIndimanksiawiin neodymium 113130wIn angluvian 1wl e
Jusuniediduvas MNP@MTX gnaafniudiawin wasdledunndvesasarateniglduacyd

! ) A a a ! £ v v | v
WUIMITeavesEsarateinanlusiumely ldanunsedunalamenaidaian nns

nAaeailly magnetic nanoparticles 78R 1IU -NH, 19U negative control waglinunisnisdes

waangly

nsneaesutuansliiiind @11130a3573 magnetic nanoparticles waraN13ARINGUT

Aoinsuuiavesianls welladasUssandldiunisasiaiaues nanoparticles Nanunsaldduiu

v '
aaa [ % 4 A

chemical probe watInIMUfATeTUeNRRINISANYY WegaUseasAlunisuenaluianai
¥ ] M oa aaa = | A Aa a I3 &
foin1seenatndIuliinUfizen Basdisannaantusiuniivsunamnluead Tudunounis

Apsizrmsmaila mass spectrometry Tun19vin protein identification
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il

381381214 artemisinin chemical probe Wag P. falciparum-infected erythrocytes

)

& a a . ¢ & A Aa &
LENLYDUIANILTUR P. fa(C/,oarum @@ﬂﬁ]’]ﬂLeﬁaaLﬂJﬂLﬁaﬂLLﬂﬂVW}@L?J@I‘Lli%ﬂ% late
trophozoite (P. falciparum-infected erythrocytes) l1ngnaia1nn15¥11 hemolysis La2uenaIU

yaslushuanidiniieniasoanmeisdunen (centrifuge) druveaidomnanieflatunyliunnaieg

a

8 freeze-and-thaw tnetfiuliNgamail -20 °C  dwwes protein lysate azgninluldviigisendu

Y

artemisinin chemical probe (10-N-methylpropargyl-10-deoxoartemisinin) figlu

Control-1 Control-2

Experiment Bead control Ligand control
Dihydroartemisinin X X (10 1¥11)
Chemical probe X X
MNP@N- X X X

Tunsnaaasly artemisinin chemical probe N1AALULTY 100 nanomolar Iaelgiiayin
UfAseUsEana 4 Talae wasanuulsidisen conjugation U magnetic nanoparticles A7
Cu(1)-catalyzed Huisgen reaction 91n1u39819 MNPs #vihujfsemeansasaredninesng
sodium dodecyl sulfate (SDS) agife LitevziolusAuililafnediu nanobeads wuy covalent
98N WOIINAUURFIUIUAUNTT artemisinin IUHATENU protein target WUy irreversible Lite
& = a a &2 . . = a ) ! A o
JunsilSeuiieunagiigatina specific interaction TngluSeuiiguiungy control-1 i

MNP@N, viUfAsenfiu protein lysate waanindnsenn limsiilsiudney vienifnegazidu non-
specific protein @3ungal control-2 1y 1% dihydroartemisinin #1 1 micromolar viU§Aseniiu

. a ~ a L . ol o -
protein lysate Usgana 60 W¥l Aounagin artemisinin chemical probe aslU lunsilil deyayreuyl

Iaazuanails specific binding protein sfosddyuuanasmsomely
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Kam e widesiuiUieudiau HPLC chromatogram funguauay wudilunsdlild
chemical probe ansausnldlusiuiiramudnanalfodstaau Tnenguauauiidyyiuiios
wianinnn wamshesgviavedusiulundueuaunuindulsiuiivuidiouannsmeasugu
keratin Wag trypsin fild Uigz:mmmﬁmﬂ base-peak chromatogram Wragtdunaann artemisinin-

binding protein Iasazvinmsiasizimsmaila MudPIT sialu (25, 26)

LC-MS: nanoLC-ESl-iontrap
Sample: 3uL

Flowrate: 187 nL/min
Runtime: 120 min

no probe/
capture+enrich
washing

gﬂﬁ 16 Base-peak chromatograpm (all MS) ¥84 enriched malarial proteome fifauy
functionalized magnetic nanoparticles lnenguAluau (V) fdyaavinvesaaulndday
171 M3nnaesiild artemisinin chemical probe 1Huagnann anewulndiiaseild azuans
faviinveslusAunduiy artemisinin

19



g‘dﬁ 17 Base-peak chromatograpm (all MS) 484 enriched malarial proteome Tun1snaassildy
artemisinin chemical probe ladganastinvesasldlndnaiesosudin

Yoyaiiléiilerih de Novo sequencing Inglilusunss Mascot (27-30) wudnlalusiuvane
wiln wilsluduiil score q&ﬁqmiéﬂ,l,fi hemoglobin (11% sequence coverage) %ﬂﬁ/]i’ma@jLLéj’J’h
ansainUfAzeniu artemisinin 1o (31, 32) (usilainulu control experiment) lun1snaaesse
13el¥duana1vee hemoglobin lun1siu internal standard lUlush waziile validate F3uax

parameter NALITDS

5U#1 18 911N15¥1 de novo sequencing YastpyaanmAlin MudPIT Lalusiuuseuna 30-40 ¥l il
#A1 scoring function Qﬁﬂ’i’lﬂl’] threshold

20



NVayaarnnaila tandem mass spectrometric analysis Lalusau 10 gilaieseile
Tnedl sequence coverage A Iﬂiauﬁmmﬁ 10 w80 lawn haemoglobin, EF-1a,, HSP70, knob
protein, glycophorin-binding protein, actin, erythrocyte membrane protein, helicase-45
SERCA ATPase, Ser/Thr kinase Miidoyaiududaiou Wuiihdunsin flusiu SERCA swmegsne
(33, 30) TneTusuilatinisseausnneuniiinduy artemisinin-binding protein wakidl direct

a L4

evidence MkanINSTUMIVE artemisinin iU SERCA waznenaslagniigatdn artemisinin Ll
fuganisineuves SERCA (35) WWsiuunwlindulusiunivsunageegie Wi elongation factor,
haemoglobin, actin L Uugu
= & v, v o v Ve £ saaaa o 1
nsfinwll wiinadaldannsanlalafenalnnisuansgmsvetensiiatdueg1ataau us
TsAufinsdusaiu artemisinin probe agiludruiuliinnin nsiarnudiladsunummiing
voslusaunduunaiiale sauden1sm direct evidence ¥99A159UFVBY artemisinin wazlushu

wia1dl weanandimeilavesmsanwiuiarunsatluld@nelusuias feanalnnisadiauziSaues

¥ U le’ ¥
el

ayuasinsalua

Whmngvedlasinsiiisesnismisanaidivanegves artemisinin Ingldinataniaaiiz
A a a a ¢ a a a adou o L.
INe1 @awnsaNIruTIaHalagaInsa T eiviinvedusiulseia 10 ¥llaNduiu artemisinin
chemical probe 1o TUsAunanevfiniguy hemosglobin, SERCA, 739 translationally-controled

. aa 1 ¥ 1 [ ... [ =

tumor protein (TCTP) Nfin1ssieausnnountinIndulanatmuneves artemisinin walydl
wangrugudulunnuduiusiunalnmseengns  nansveaesiivisduduieUsedvsninuay
Anunmvaanatanldlunisfneil

dw3U artemisinin-binding protein auq MilaaNn1seravztluganudilalunisvitnures

¥

artemisinin 1571 wii1agnsvviinveduanaiduiu artemisinin win1sidbanemUduRLslung
a a . & a oy o a a ¢ 1 & v v Y o o v P
I8N (biorelevance) tWugaidosnnfiumsiaseissald Tulssdumedaindnaumaia 39
Tasgiviiaveddsiu ldandwiuvesalulndduiuditn mslesgiiiuiiuanteya tandem

MS/MS vaaUUlnaniivssanudes onvazlideyaineliueiinvedlusiunildinuiettosianauls &
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FadUNNINNITANYINITINIUYDY artemisinin Tuawatalufeu Tanummieduiiey Weasain
TUsAunTiuSIaties wazynlmaszinalasinnsizaziinaanlusaunivsunauin Iagaziiuls
31154 fluorescence detection fiauntinil Azldliles hemoglobin NignAanials s ATLUSHY
a dl (-7
yinduagme
0o @ dy % }% e = a a e o 4
arudnsutesrulunsysannsanuimeaiilunsfinum@iing1ves artemisinin vl

1

16 artemisinin-binding protein 41wiunis wiinalnmseengrsdaludanudaauluvasd s
a ¢ ¢ a a P v ¢ L0 & P o & a v o a
TazAnasAnwiiiudy ez latienalnnisosngnsseeuanses Sazidudsisewiiunig
pold  Aunlalunisyinauves artemisinin Mwdueu azulsylomisgnadawanisidelse

a3y MM nalnniseengnssiiludanudilalumsvihauvesdeunansenidudou

warduszlovdlunsmeninulsaunanseniemaila target-oriented drug development ol
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