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ik B X4 % FiTig s & FORZE % %
7Y 7| Afgh C | #E&2,000mE T i (4 —12H) DOX MEF A/P
Bangladesh Dhakald ) A2 % L DOX MEF AP
Bhutan c Tf]‘L%IS 1 };fﬁﬁ)ﬂhiﬁi (Chirang, Samchi, Samdrupjongkhar, Sarpang, DOX MEF A/P
Burma (Myanmar) B Yangon, Mandalayld) 2 7 & L DOX MEF A/P_ HERIZDOX AP
Cambodia B | Phnom Penh & Tonle Sapi#iBE|BHIZ ) A 7 & L, AngkorWatitJ 2731 | DOX MEF A/P_TE#§IIDOX AP
East Timor A DOX MEF A/P
Hong Kong D IR FHIRRLES L
India B | Delhi, Bombaydb J A7 &Y, [WFHMH TIL2,000mEL T O #IR DOX MEF A/P
Indonesia B .Y'z)lv;\78;)rr:)alraf£ EDFH BN % B < | Irian Jaya®°Borobuduti £3% T DOX MEF A/P
Laos B Vientianeld VA 7 % L DOX MEF A/P
Malaysia C | Mh, BUbHRHHz) A& L DOX MEF A/P
Nepal c '{‘)el:ii;l!.gf 4 FEHOL,200m T O iR, Kathmandu®® & % 7 Y13 DOX MEF AP
North Korea D wER EIE R GED FPRRRLER L
Pakistan B [2,000mklEOMIREY RS B L DOX MEF A/P
Philippines C Bohol, Catanduanes, Sebu% 5% {#175, SubiciZid) A7 &Y DOX MEF A/P
b (&< giﬁm%\ﬁ?&z%(i‘) AVHY, :%ﬂﬂ%?g}%%\ é
. B, LHELEEER, BNE, Mg, FXy PEBERELY), d .
China C | aamdbeit 7 AdbIIH. 250 b3EOMTIE 5 A 512/, 255 | POXMEF AP —H#CHL
MHTRIEEFALTIAIHY

South Korea D EHOBHEERE FRARLER L
Sri Lanka B Colombo, Kalutara, Nuwara Eliyald ) Z 7 % L DOX MEF A/P
Thailand B gff%;fggﬁ;?;% Lo &Y RITER. 7AAEE 34| oy vpr ap
Viet Nam B B HHd AL DOX MEF A/P

7 7 ') 71 | Angola A DOX MEF AP
Benin A DOX MEF A/P
Botswana B Lty (Ra#21RE bAL) DOX MEF AP
Brundi A DOX MEF A/P
Burkina Faso A DOX MEF AP
Cameroon A DOX MEF A/P
Cape Verde C | SaoTiagoBiZ U A2 &1 DOX MEF A/P
Centrat African Republic A DOX MEF A/P
Chad A DOX MEF A/P
Comoros A DOX MEF AP
Congo A DOX MEF A/P
DR Congo(Zaire) A DOX MEF A/P
Cote d'lvoire A DOX MEF A/P
Djibouti A DOX MEF A/P
Egypt D | B EEI s ARG FRAMRLES L
Equatorial Guinea A DOX MEF A/P
Eritrea B 2,200mL FRHIZY A2 BN, Asmarald YA 7 L DOX MEF AP
Ethiopia B |2, 200mEl FTEMIZU A2, Addis Ababald U A 7 % L DOX MEF A/P
Gabon A . DOX MEF A/P
Gambia A DOX MEF A/P
Ghana A DOX MEF A/P
Guinea A DOX MEF A/P
Guinea Bissau A DOX MEF A/P
Kenya B 2,500mEAF &3z 2 2 & ), Nairobitd ) A7 % L DOX MEF A/P
Liberia A DOX MEF A/P
Madagascar A DOX MEF A/P
Malawi A DOX MEF A/P
Mali A DOX MEF A/P
Mauritania A | RBERCEBIZVAISHY DOX MEF A/P
Mauritius C WHIZRBLTY R H FHARLER L
Mayotte A DOX MEF A/P
Morocco D | Rabat, Tangier. CasablancaFDHFHIIZY A 134 CHAIZRE FHRRLESR L
Mozambique A DOX MEF A/P
Namibia C Kavango!ll & KuneneIlfilN M2 2 7 & 1) DOX MEF A/P
Nigeria A DOX MEF A/P
Niger A DOX MEF AP
Rwanda A DOX MEF A/P
Sad Tome and Principe A DOX MEF A/P
Senegal A DOX MEF A/P
Sierra Leone A DOX MEF A/P
Somalia A DOX MEF A/P
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N A =N
771 % | South Africa c jﬁfiﬁ?ffﬁ“ﬁ“};}gw (Kruger RE & & &), ALHHM, KwaZole-Natal | by mp 4
Sudan A DOX MEF A/P
Swaziland B ETOHRIBIZYAZHD DOX MEF A/P
Tanzania A 1,800mBL FTOERICUAZHY) DOX MEF A/P
Togo A DOX MEF A/P
Uganda A DOX MEF A/P
Western Sahara D |WHFMBLTYRISHY THINRLE R L
Zambia A DOX MEF A/P
Zimbabwe B Harare, Bulawayo') X7 % L DOX MEF A/P
AFiE | Papua New Guinea B 1, 80mIL T A7 H D DOX MEF A/P
Solomon Islands A l;:r[\/nnel‘ BellonaR &, Temotu® #§. Tikopia, Anuta, Fatutakail'l 2 7 DOX MEF A/P
Vanuatu A DOX MEF A/P
| lran C | HfREG IR, Baluct HEILVAIHY DOX MEF A/P
Iraq C Sulaimiania, Duhok. Erbil, Ninawa, Tamim, BasrahZ E{2) X 7 H b CHL
Oman D Musandamill /712 A7 THARLES L
Saudi Arabia C JizandiX % EDHHIZ Y A 7 H Y, Jeddah, Mecea, Medinald }) A 7 42 L | DOX MEF A/P
Syria D | JeHESEMmIEICY R 2B CHL
Turkey D |, BEEIZU A H Y CHL
Yemen B SanalZ ) A2 % L. 2,000mPFOMIgIc) A 7H N DOX MEF A/P
%) 7 | Dominican Republic [ N FEEIC) A 2D CHL
Haiti A | LabadeeificWAZ %L CHL
1K | Belize B BelizediiZ ) Ao & L CHL
Costa Rica D Alajuela, Limon (LimonTi|Z 7% v}), Guanacaste, Herediaf{iZ' 2 # & 1 | CHL
El Salvador C HWHIZU AT SN CHL
G 1 C 1,500mEL FOMBBNAZY A7 H N, Antigua& Atitlanifl oV A 7 & L CHL
Honduras C WHICVAZHY CHL
Mexico c g}_’j{f\ & (A EBDChipast, Quintana RooM, TabascoM{Zt &I A 2 cu
Nicaragua C | EManagualBsLicy R DY CHL
Panama B | Panamati, SEBAHEBRVCIAZHY DOX MEF A/P
BX | Argentina D FIETEE, 577 1EBICT A HD CHL.
Bolivia C | BiBE2, 500mEA T, LaPazk RWT I A7 &Y DOX MEF A/P
Brazil C 7=/ vl KEHTHiRTHY) VRIS DOX MEF A/P
Colombia [o] 600mEL F ORI XA 2 H B, Bogotail W A2 & L DOX MEF A/P
N - : es s - ~
Equador c llLSOOmJ«J\'Fﬂ)ﬂhiﬁk A HH, Quio BEHAT. BHRLIZI RS | Lo enam
French Guiana C TN, AN FLEBIZ)A DY DOX MEF A/P
Guyana C PIERRDOHIZN 27 H Y DOX MEF A/P
Paraguay C Alto Parana, Caaguazu, CanendiyullU A 7 & D CHL
Peru B |Lima, Limali#h@iEE#R, Sz A7 4l DOX MEF A/P
Surinam B | Paramaribo® HUILA S ELUAIZY A4 H Y DOX MEF A/P
Venezuela C _|HWHCYRAIHY DOX MEF A/P
NIS | Armenia D | EHESMFCIAISHY FHAIRLESL L
Azerbaijan D Agcabdi, BardaZz LI A7 H 1) FHMRELELSL
Georgia D |HEHIREBLTIAZSD FRMRLER L
Kyrgyz D | FEh, ANV, TANIEBEORMIIRATHY THMRLESR L
EZ
Tajikistan D rﬁi‘iﬁh)ﬁ;ﬁf} ;D;s;f?;»e) . T # (Gormo Badakhshan), 3t &8 #if 3% R L
Turk D |MayliFii) A2 &Y FHNRLEL L
Uzbekistan D | Uzynskiye &S X7 &Y FRFRLELR L
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< 1) 77 Malaria (48E-2%%) ICD-10 B50-B54

I FRERAVEFE

1. fER ~I0U 7, & Al - MIET 03 55, BT, FEETk
Mo T, EHEER, TE, EMNMEREETFALL I EPE, fVT, BEREE
b REE, TR LS Lo BRIV BEISND, BEROBREICERE~
5 7 ERECEEAH A5, T AUIFRMLERIC &4 ¢ 5 MR R S4B - —3 L,
ZHEEIE Y Z ) T TII48RER, WHZA~ T ) T CIE 2R (Tabh, ZH3L -
g~V T TIXIHBE, MESRTS ) 7CIE2HBE) Thib, LoL, FEDH
AT E B R A A TR & w2 LA, T, BFET T ) 7 TS EIE IR F
73FERE T 5 Z LA,

s ) T OFEIRANT, BEINENS EBKREIRE LTEHRES (BIE,
FEMERE & b ) e~ T Y 7)), WREEE, B3, EREN, WMKE, fmhs
L e & b)) BEHM, BESZ EVERESIN, &7 -5 CREERD, {RimpE,
FRIMAE, WFLERINAE, FRMEREAEF4 BT B 2 BERME, BiIRREEELR &5 5
N5 (WHODEEY T TERK) . COXILREEYT) TOEHTIE, BRNE
ALz E BB LIS LIS E 2 5,

2. WEHF v MoEETL~T ) TRAIWE, BiFih~ ) 7IE B Plasmodium
Salciparum, —BHE< F ) TRBP. vivax, IWHE~F ) TIRHRP. malariae, I~ 5 )
TEBP ovaleDATETH B, Tz, 2 LOFERINEERET LI E DD S, 1B,
ZHEEIE I ) TRAOFMEEIC, SEEEISRELKER (k7 /Y1)
DPREROLNTEY, TN 2OBGHE I, REMFOFEROMIELHET L~ T
D T7EOERSICE &EE, NIRRT ARGREEZIA L EBET A5
FAE

3. BE ER~T VT OMELHL, RIBMPOFRETEMBETICRROSLZ LI
DNRENTE, LiL, BhD~7) 7TEnEOERIIIRE T, DNARIE, 74
v TAT A v 7, FEENIRER EEA ST,
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WAL VL, 0 CEREETE, Ay ) — L CIABERET 5. | B
W (1/15M, pH.72) TEF—AWERZ 5% (V/V) 1[TFREEL, BEE LB HRIERS 304
ﬁ%é?éo+ﬁmm%&,MEV?X%EwTMWWTﬁMﬁT TEAZR L, RIMLER
MICEE L) TERBEOBRH 2 5N L ABOENETH), $/ovTY 7T
B B AR MECENEEEOIIEL 20T, TOREI Ty M5, MEOERBR
HHERITEE FOSBELE T, GLABIICHIEHEET L, ~F ) TREIRA
RIEETLELETHDT, ZOBEMEERIIIMD D L@ BRI - TiThi i)
T 67wy,

2) I TEREOREE SRS TEEFROSRNES (HRP-I) B
O, ZOMOBRRICHBELEATFFICRIETEZ2MS Y v FABMEERL TYA
(EE3EEOERNTOREENFERRETIZT Y T, A4 v TAF4 v 74
B OWRER M & AR FE 5 HET, %ﬁﬁ%hiﬁﬁwﬁﬁﬁmfﬁﬂféé
VAR 1053 & TR T T 5,
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EHZEINTETWES, SIED LFIIFETXETHY), BEN T I v — DK
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<5 7RH ﬂ#éhﬁ%ﬂm*bﬁo ke RN uﬁﬁwﬁmmW@
TEELT, B3 ) 7OREZSIICERTH 5,
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1. RERR <70 T, B, BRI C BIEY A REROKET,
WHO® (2003) 12 &iuE, 570 100 »E L EOFRATHT, FRBEEEI~SEA, 7L
TE150~270 A (€09 H100TADSRUTOL/NE) DFET D ERES T
%o —HIZEEE, ZH#~ T U TR CHFICAML, MARY T ) T ORER
WERRB S, I~ Z ) TEET 7 AICEST o 700X itk
< T )T OMFEYLE, KREGMBL R o TWh, FZF A BLUTZOELTHE
T YR AT ORI ST BEFIM TR T ) T DA %é%
BLTBY, TOMEPLDYT) TEBEDOEReHEEIL WD, ZHBITIT
D7 EaF T A HEOWEIL1989FEINT T ma—F= T CHRESIBL, &
BICT X T ARSEPET LTS LRGSR SN, MAZ< Y
T2 0 F AT B RRIEES, SEEDD THE SNz, JIB~ T ) 7 DA
MERBEDL ZARD LN TV, v7) TOWITeARIELERLLT, &
OFHIME= 7 ) 7 OWBOIENI, WATHICBT 2 KPR RHEEE Tz b
%) AEBEIRHH{L, RERRLBEKRIE, CLTRSFLLREwWELN, &
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—FEOHEICEAOTEEDT T ORI L, 19035FIZIX4EM20 FADRE
BE L 1000ANEBLBREED Dol b RSN T VD, NTFTH e LIENT
N5 ) TIEHEIR 1960 FE LRI ERD b { e o T B A, HATHLTES: L HAREMN
CRETH VbW A (AT 7] OBEHREBIIEHEI0AZBL, €ORITFA
OIS 5o # LTAZEIICS, EURZHMEBRIEONTIHTT ST — A
bEE SN TV D,

o, BB T T OEBRILEE, RHEY N7 5T 4 Anopheles Tdh B o TR
B N TH Y, BERBOREEE LY ) b 72, P lmowlesi, P. cynomolgi, P.
prasilianum, P.inui, P.schwetzi, P.simium%z EDOW V<) 7THERAS E b |2 YGL T e
THDHLH, FORRBEIEOTENTH Y, KA, BFEHIRSLMEL 2L
Vg

3. EREES BOEELEEFRE, MO 5T HHVERRHCERR > O ¢ b O

KR ICITFAME (ART VA b)) REATEI L THD, WHRO400HAR ) DN
FSADD Y, 8N T T EHIENTHEWEINTVED, RATHER DML T
OEZEMEIEET Do F77, WOWMEERO Y — 7134 { OFEMINEETH 575, FHT
REASTEE D OB RTICEA ORI Y — 7 2 K0, MIAISEASNAAFT A |k
i3, B A0S LUMICIFMBICRALCRE - DML RET 2, —HB LY

7 EROFRENCE, ERIMEIEIREEIC L & F o 2k 00 R BIs T A KIRE
(67 UAN) LW ATF—=VhH Y, WHEIEEOBEDORRIL: 5. ITFHilaRT
THELLLEF a8 a2 A 1V 4 M, B2 5 o TENENIRILERPICIRA
L, —EEMOERSE (2 To—) B ETRABOEE LT 9RE (¥
Uy b)) BGERIIRATER S A T, BB OMREELRI T, 7B, FHE
DATTA O—ENIHEETIT IO T MO ETERAE (B A MEA ) bl
A ELD A T N WVIBEIITRMAP TR TIBET 5,

I B VB B ) SR U R AR SRR, WD WIS C 6 ~ BB D it I A TE A
(zrafA—1F) £L, BB LUMEEREE (vr7arx— ) ExELTREH
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Synthesis and Properties of Trans-Membrane
Sequences from Plasmodium falciparum Chloroquine
Resistant Transporter Protein (PfCRT)

Hiroyuki Oku, Hiroshi Suzuki, Keiichi Yamada, and Ryoichi Katakai
Department of Chemistry, Gunma University, Kiryu, Gunma 376-8515, Japan.

We have prepared partial sequences of a membrane protein, Plasmodium falciparum
chloroquine-resistance transporter (PfCRT) which has been proposed as a molecular
marker for the detection of chloroquine-resitant (COR) falciparum malaria in field.
Mutations in the protein, such as Lys76Thr (K76T), are considered to be associated
with the chlorogine resistance. To clarify the molecular mechanism of PfCRT, we
have compared the structural properties of the model peptides having COR and CQS
(chloroquine sensitive) type sequences.

Introduction

P. falciparum chloroquine-resistance transporter protein (PfCRT) is a membrane
protein which has recently been proposed as a molecular marker for the detection of
chloroquine-resistant (COR) falciparum malaria in field [1-3]. Mutations in the
protein, such as Met74Glu, Asn75Ghu, Lys76Thr, are considered to be associated with
the chlorogine resistance. Among them, Lys76Thr (K76T) is widely recognized as a
common replacement site. PfCRT is located in the vacuolar membrane of the
intra-erythrocytic parasite and probably transport to reduce the accumulation of
anti-malarial drug, chloroquine (CQ) from digestive vacuole, although the exact
function is yet to be identified.

In this report, continuing studies of membrane proteins [4] and malaral antigens
[5], we have prepared partial peptides containing Lys76Thr region and compares the
structural properties of those sequences from CQR (1-3) and chloroquine sensitive
(CQS) strains (4) (Fig. 1).

Materials and Methods

All the model peptides were prepared manually by 9-fluoreny'methyloxy-
carbonyl (Fmoc) strategy on link-amide resin (Fmoc-B-Ala-resin, 0.02 mmol/g) using
successive diisopropylcarbodiimide + N-hydroxybenzotriazole (or
2-(1H-benzotriazole-1-y1)-1,13 3-tetramethyluronium  + diisopropylethylamine)
coupling and Fmoc-deprotection with 20% (v/v) piperidine/dimethylformamide. The
completion of coupling reaction was confirmed by Kaiser test at each step.
Deprotection and cleavage from the resin were archived by treatment with
triisopropylsilane-water-ethanedithiol in trifluoroacetic acid (0° C, 12 h). The crude
peptides were washed by water 5-10 times and pumfied by the repeated
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recrystallization from hexafluoroisopropanol, successively. Analytical data for 1-4
are summarized in Table 1. '

Circular dichroism (CD) spectra were recorded on a Jasco J-720
spectropolarimeter (conditions: hexafluoroisopropanol (HFIP)-butanol (1 mg/mL), 20
nm/min scanning rate, 0.1 mm step, 1 s time constant, 6 scans). Obtained spectra were
converted and expressed as mean residue molar ellipticity ([@],, deg.cm®.dmol™).

(a) H-Leu-Ser-Ile-Ile-Tyr-Leu-Ser-Val-Ser*-Val-Ile-Glu-Thr-Ile-Phe-Ala-NH,

(b) H-Leu-Ser-Ile-Ile-Tyr-Leu-Ser-Val-Ser -Val-Met-Asn-Thr-Ile-Phe-Ala-NH,

(c) H-Leu-Ser-Ile~-Ile~Tyr-Leu-Ser-Val-Ser*-Val-Met-Glu-Thr-Ile-Phe-Ala-NH,

(d) H-Leu-Ser-Ile-Ile-Tyr-Leu-Ser-Val-Ser*-Val-Met-Asn-Lys-Ile-Phe-Ala-NH,
(* Cys residues found in the native sequences have been replaced with Ser*.)

Fig. 1. Model peptide sequences of PFCRT used in this study. Sequences from (a-c)
COR strain (1-3) and (d) from CQOS strain (4). The 76th residues are indicated as
bold faces.

lable 1. Amino acid analysis and electrospray mass spectral data for the model
peptides from (a-c) COR strain (1-3) and (d) from CQS strain (4). Phenyl
thioisocyanate was used as a labeling reagent for amino acid analysis.

Peptides ESI-MS Amino Acid Analysis
1 Caled: [M] = 1766.0 (monoisotopic). Leu, 0.63(2); Ile, 2.8(4); Ser, 0.92(3); Val,
. (SVIET) |Found: 1789.1 (IM+Na]™), 1766.0 2.00(2); Ala, 1.00(1); Phe, 1.00(1); Tyr,
' (IM+H] ). 0.35(1); Thr, 0.57(1); Glu, 0.69(1). i
f 2 Caled: [M] = 1769.0 (monoisotopic). Leun, 0.69 (2); Ile, 1.80(3); Ser, 0.81(3); Val,
! (SVMNT) |Found: 1786.9 ((M+0+H]"), 1770.0 2.00(2); Ala, 0.85(1); Phe, 1.00(1); Tyr, 0.37(1); ]
3 ([M+H]+). Thr, 0.48(1); Asp, 0.92(1); Met:, 0.23(1).
3 Calcd: [M] = 1784.0 (monoisolopic). Len, 1.10 (2); Ile, 2.10(3); Ser, 0.93(3); Val, |
(SVMET) |Found: 1801.0 (M+H+0]"), 1784.9 2.00(2); Ala, 1.20(1); Phe, 1.20(1); Tyr, 0.19(1);
(IM+H] ™). Thr, 0.58(1); Glu, 0.90(1); Met, 0.24(1).
4 Caled [M] = 1796.0 (monoisotopic). | Len, 0.88(2); Le, 2.00(3); Ser, 0.78(3); Val,
- (SVMNK) |[Found: 1813.1 ((M+H+0]"), 1797.0 2.00(2); Ala, 1.70(1); Phe, 1.10(1); Tyr, 0.54(1);
' ((M+H]). Lys, 1.20(1) ; Asp, 0.80(1); Met, 0.22(1).

Comparison of CD Spectra
Fig. 2 shows the comparison of CD spectra for 1-4. In hexafluoroisopropanol (=

HFIP) solution, each spectrum of 1-4 exhibits negative bands at 207 and 222 nm and
a positive band at 191 nm, which indicate weak a-helical property.

In the case of 1, the CD bands intensities increse at the same position until the
addition of n-butanol from 0 to 50%. Further addition of n-butanol to 80%, a new
band gradually appears at 217 nm (Fig. 2a). This spectral change suggests the
conformational transition from a-helix to p-sheet. Interestingly in the presence of
chloroquine (1 eq.), the spectral change was not observed (Fig. 2d). Chloroquine

suppresses the structural change.
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