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INTRODUCTION

Autesomal dominant polycystic kidney diseass ADPED, MIM# 173900) is one of the most comman human
Mﬂﬂwﬁ;nﬂnﬂ,mwh&mmqlmﬁpﬁmmqﬁhm
kidneys, leading to end stage renal failure (Dalgaand, 1957). Al heast three penes are responsible for this disease:
PEDI (MIM# 601313; approved symbol, PKD1) & 16p13.3 (The Europesn Polycystic Kidney Disesse Consortium,
1994; Hughes et al., 1995; The Inemational Polycystiz Kidney Disease Consortium, 1995), PKD2 atdq2)-23
(Mochizaki et al, 1996), and the still unmapped, PRD'T (Daoust =t al., 1995). Abnormality of PKDY is responsible
for about B5% of ADPED (Peters and Sandkuijl, 1990). PED1 heas the size of shout 54 kb consisting of 46 exons
and transcribing 14,148-at mRNA (The Enmpean Pol veystic Kidney Disease Consortium, 1994; Burn et al., 1995:
Hughes et al., 1995; The Intemational Polycystic Kidrey Disease Consortium, 1995),

The existence of af least three PXD/ homologs which share over 95% identity with PED on the same
chromasome, has made it difficult 1o charcierize PR mutations (The Ewopesa Polycystic Kidney Diseate
Consostinm, 1994), This has also resulted in bhiss of ratation analysis of PED in which the majority of mutstions
identified to date fall within its 3' unigue region (HGMD: Human Gene Mutation Databass-
hatpeffwww. uwem.nc. nkfrwemdmgsearch/1 20293 him ). However, the matations found in this region coniribute
only 10-15% of all known cases of PKD1 discase, ind cating that most mutations are located in the reiterated region
of PKD (Peral et al., 1996). Recently, ai least rwo roups have stiampted io identify mutations in the relierated part
of PEDM by long-range PCR (LR-PCR) (Wainick & 2", 1997; Peml et sl.. 1997). However, the methods that have
been developed could isolate pans of the reiterated secuence of FXDJ, unnble 10 isolate the sequence beyond exon
15 to the 5' end of the pene. We have recently develored a long RT-PCR method for isolation of the entire coding
sequence of PRD from s mRNA vanscript (Thong oppakhan et al., 1999), eliminating the interference from the
homologous sequences. In this report, we demonstral- the application of long RT-PCR and LR-PCR meibods in
bdentification of PAD] mutation in PKD) patients ane! report a novel mutation which results in RNA processing
defect leading to partial deletion of exon 14 sequence (n the PED-mRENA transcript.

MATERIA LE AND METHODS.

The PK01S family snd liskage study
The proband (TV-6) of the Thai family PKO15 (Fig. 2) was firstly refemed w0 see nephrologist with the

- problems of a mikd degree of chronic resal failue (serm creatinioe of 4.7 mp'dl), hyperiension and gross hematuria.

An abdominal ultrasound demcmstrated polycystic bidoeys and liver. The diagnosis of ADPED in the patient and
other family members was made, based on the demen: iration of renal cysts by an abdominal ultrasound (Ravine =t
al., 1994). Blood samples from the patients and relati- ez were collacted with informed consent. Linkage snalysis
was performed by detecting 5 polymorphic DNA mark ers on chromosome 16p including D16585 (3' HVR) (Reeders
i al., 1985), SMY (Harris of al., 1991}, 16ACL5 (Thaenpson et al, 1992), SME (Peral ot al., 1994), and KIGE
(Germin et al., 1993).

EMA preparation. long RT-PCR, and nested PCR

The full-length PEDI-cDNA was synthesized from RNAs prepared from lymphocytes and then smplified by
long PCR, following the protocols as previously described (Thongnoppakhun o s, 1999). The length of PCR
product obtained was 13,634 bp, Nested PCRs were camicd out by using nested primers (sequences availsble on
raquest) o generate 9 overlapping fragments of 1,352 1678 bp by the method s previously described
(Thongnoppakhun et al., 1999). A fragment of amplilied cDMA (o 3115-4689) in the region of exons 12-15
{GenBank Accession No, L33243) was digested with cither B5p/ 2585 1, Hinf L, Par L, or Tag T (Mew England Biolabs
and Promega) for detailed analysis of deletion observed Amplification with additional pair of primers covering nt
3254-3338 in exons 13-15 was akso performed, '
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Pireci DNA sequencing

PCR products were purificd from agasose gel alt er edectrophoresis by QlAquick™ Gel Extraction Kit (Qiagen
Gmbh, Hilden, Germany) as imstracted by the mans(a-turer. The purified DN As were sequenced mameally by nsing
(mol® DNA Sequencing System (Promega).

Ampdificstion of geaomic DNA

To isolate PRI -specific DNA fragment out of e homologous sequences, 3 LR-PCR. for ampBfication of
penomic DNA (18,099 bp) was carried out by using a aimer specific 1o the anigue sequence (Ex34B at nr 44438-
44409 m exon 34) coupled with a primer annealing © 1 region in the reiterated sequence (ST3.1F st nt 26340-26369
m excn 13), and then nested PCRs were performed by ssing intermal pairs of primers. The primers were designed
from sequence of PKD/ gene (GenBank Accession Mo, L39821). The PCR reaction for a long-range amplification
in a total volume of 50 pl contained 200 ng genomic T'NA, 200 aM of each primer, 200 uM dNTF mixturs, | wnit
ELONGASE Enzyme mix, 10% DMSO, and 1.0 mM MgS04, The PCR conditions consisted of an initial incubation
(hot start) at 95°C for | min 30 &, then amplification o+ 40 cycles at 94°C for 30 5, 61°C for 30 5, 65°C for 20 min,
and a final incubation =i 70°C for 10 min. The LR-FCR product was diluted up to 1,000 folds depending on its
amounts ko redoce contamination from genomic DNA ssd used a3 template for nested PCEs of the 1,064- and 320~
bp products with the primers WT2F/SI3.1B and 53 ZI7SI3.2B, covering the regions of ot 26375-27438 (exon 13-15)
and 257 17-27036 (IVS 13-14), respaciively. Sequences of the nesicd PCR primers are available on requested,
Contamination of hamologous scquences has been pro-en negligible in ancther similar experiment by the failure 1o
amplify DMA regions outside a LR-PCR product of 129 kb, when this product was dilated | 000 folds and ascd as
iemplate for nested PCHRs (dats not shown )

Mutation snalysis by sllele specific smplificstion (ASA)

Allele specific amplification (ASA), PCR for 4 plifications of wild-{ype and mutant alicles with allele-
specific primers coupled with o shared primer (Newooo et al., 1989), was invented for analysis of the PKDJ mutation
discovered, The wild-type and mutsnt primers kad on- different base o their 3 ends, each of which maiched 1o the
complementary base at the mutation site in the come ip nding allele. Two additional mismatches were also
introduced af the third and the ninth nucleotides fror @ ¥-end of primers to increass diseriminating power when
they bound scroas the alleles (Kwok ot al., 1990). I‘Hﬂmﬂﬁh—w{lﬂl}nﬂmmm{lmu}
are: TICACTCACTGOOTOOCACCACCOCGACA
{underiined are nucleotides altered (o introducs miss: ches), respectively. The sequence of shared primer (513.28)
im GTTGOGGAGGAAGGGOGGCAGCTTGAC,

Each DNA sample was smplifisd in two separst peactions with & pair of primers for wild-type or mutant
allele. A pair of primers (SI7.2F/SI7T.2B) amplifying ¢ region of 698-bp in exon 25/imtron 26 (nt 38978-39675) of
the FKDN gene were also added for intemal control s plification in both reactions.

Long RT-PCR and nested PCEs of ssmmples from PED | | atiests

A long RT-PCR method (Thongnoppakhun et al, 1999) was performed o study RMA samples prepared from
two patients (TV-3 and IV-4) of PED1S5 family. The fu/ldength PKD/ cDNA was fractionated inko 9 overfapping
fragments by nested PCRs. The presence of products with two different sizes (normal 1,575 bp and a shorter
fragment of about 1,500 bp) were observed in both patianis’ samples, using a primer pair amplifying the region
between nt 3115 and 4689 (Fig. LA and 1B}, The ehorer fragment might have resulted from a partial deletion in the
mRMA wanseript from the affected allele of PXD in { e patients. Resiriction endomuclease mapping anabyses of
the pested PCR product from one patient (TV-3) in comparison with that of a normal individual, by using Bepl256 1,
Hinf'1, Psr 1 and Tag 1, were camisd out to locsfizs the ares of deletion, which was foand 1o locate betwesn the: fis
sites of Hinf1 and Bapl286 | (nt 3347-3477). A nanw set of primer pair covering the region of pt 3254-3538 were
designed 1o amphify this region by nestod PCE, generating an amplificd prodect of 235 by in normal samples (Fig.
1A). The samples from the two patients produced bath the mormal (285 bp) and a shoner (~210 bp) PCR products,
s well a3 a slower migrating band of heteroduples TN A (Fig. 1C). This data confirmed that there was indeed a
deletion in this region of PEDI <DNA of both patients. Direct DNA sequencing of the smaller PCR product (-210



d Thongnoppakhun el al,

by} from a patient revealed the 74-bp deletion comayonding 10 nt 3373-3446 in PED] mBMA, the nucleotide
positions 74 of exan |4 of PED/,

Analysis of penomic DNA

_ The deletion of 74 nucleotides of exon 14 of the patients KD mENA might result from delstion in this
nmmaf:ht.mnrfm-pium;ﬁlu:ndm*dnumﬁ:mj:mﬁmpmduﬁnguﬁmmﬂrﬂhﬁ
RNA product. A LR-PCR for amplification of PR -specific sequence, about 18 kb, from genomic DNA was
developed o eliminate contamination from sequence: of the homologous genes. A pair of nested PCR. primers
(WTZIF and 513.1B positioned in exons 13 and 15, m-poctively) wmplifying a region covering exon 14 and both
flanking introns (1,064 bp) were also used for DNA ¢ dletion study in exon 14. The resulis of DMA analysis in four
patients of PEO1S family (IV-3, [V-4, IV-11, and V-0) indicated that there was no observable DINA deletion,
mﬁmrl:'l}'-inﬂu region of exon 14 of PKDI,

identify mustation in exon 14 of PKDJ peeci-ely, 8 DNA segment of 320 wis amplified ing resied

PERINFEPIE{STJMJMWMDFAmmdq. mm&m.&%ﬁ:mﬂ
substitution at the position 26806 (with respect 1o the sequence of GenBank Accession No. LI9891), which is the
first position of the invarishle dinucleotides (AG) ef 1 splice acceptor site of intron 13, in PKDJ of & patient
studied. The substitution was confirmed by sequencig of the opposite strand, and it was present in altiogether &
patients examined, most likely to be the PED camea ve mutation in this family.
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Figure 1 A: Diagrammatic representntion of the fiall-kogth PEDT mBENA (upper), & loag RT-PCR prodises (maddle), s nested
PCR products (lower), The resiersicd region inthe PEI ) mRMNA (berween cxons | and 32) is represamterd by tse hatched srea and
Ihe mnigue region [between exons 13 and 46) by the bleckened area. The relative locations of the primens (THIFTHIEB, SIIFSEE
mnd WT2FETA. 1B solid sows) wsed for smplifying a 'oag RT-PCR prodien (long solid horisontal line) and the nested PCR
products {short solid horimemis] lines) are lheraied. A asir of PCR primers (WT2FS13.15) wers madle for smplificaiion of 283
bp ini the reglon covering the deleted area (lowest) in oonfirm the prediction and for further analysis by DMA sequeacing. B:
Mested PCR products amplified from long PED-cDN, samples with the SEFSIE primers from iwo sormal individuals (N1 and
M) snd from vwao PEDN petbents (V-3 and [V-4) of #8005 family. The nomal samples showad one frmgmeni of nased PCR
product (1,575 bp) whensss the paticnts” samples demn v drated two fragments (1,575 and = 1,500 bp). Lane M & 100-bp DINA
ladifer, C: The nesmed PCR prodiscis amplified with the WT2F/S13.18 primers in the delesad region from the loag PEIN DA
smples of pwo sormal Individissls (M1 aed N2 and ihe rwo patiems (TV-3 snd 1V-4) of (e PFROLS family. Whils the sormsl
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mmwmmﬂmmmmrmmm1 fragmenis of 2835 and -2 10 b, s well
heteroduplex DMA band. Lane M s 100-bp DNA ladd: - - ok o

Mutatinn axalysis by allele specific smplification (ASA,)

Since the mutation observed in PEO1S family d 4 not create or abolish the sites of all known restriction
enclomicleases, the ASA method was employed o detect the mutation in all available members of this family, The
genamic DA mhmwmuuﬂuﬁdhmmudm with sither a pair of wild-type
(I3WT/SE.2B) or mutsnt (13MUFSI3. 28) primers, i0:ether with imernal control (S17.2F/S17 2B) primers in both
reactions, ﬂmmmmmmuymm miternal control PCR product of 698 by,
m&mmm&mmm products with the size of 259 bp only in the resction
eontaining the wild-type primer pair, wheress those from affected individuals generated PCR products with the size
of 252 bp in both reactions.

1T 2 3 4 6 8 7 8 0 10 71 121114 15 14 17 18 10 20 21 22 23 24

Figare2 = Detotion of IVS13-2A>T mutstion ln FEIY by allele specific amplification (ASA) analysis in genomic DNA
smipbes from members of PKOLS family. Pedigree of the fan ily b thown and haplotyes (A w0 T) in PEDY reghon af chromosomes
lﬁp:u-mmhymiwmﬂm“ummmm Filled and biank symbols
represend affectsd and wnaffecsd member, reapeciively, Bmmﬁmmnmﬂmmwumm
allele with | 3WT/BI3IE primers and for misanst (M) slisl: v ih I3MLISIE.2B prinsers, producing the same POR-product size of
259 bp, Amdwmmm,mﬁnmnnﬂmmmmmm PCR-product size
of 638 bp. DMNA samples of normal neembers (pos., 1, LN U, TR 1, 14, 18, Ig.ﬂ.ﬂnd'ﬂ-]ﬂ“ﬂ:lmlfﬂ:mdlﬂﬂ
the wikd-type allele {259 bp) but those of affected membess {r0s. 3, 4, 5, 6, 8, 10, 16, 17, 18, 20, snd 21} gave the products of bods
wild-type and mutant slleles, which had the same size (239 bp). Lane Miris 100-bp DNA lndder. The mutant allele linked and
Hmmﬂﬁﬁhﬂmmﬁﬂihh‘!'ﬂ?hlﬂhhmI1Ihph55ﬁlﬁﬂtp-fwlﬁ&ﬂlj.uiﬂh
ﬁrﬁ“ﬂﬂ]ﬂﬂhﬂ#'{“ﬂh‘]’wnlﬂhhlﬂl 1 bp for Sh6, 169 bp for 16 ACLS, ed 98 bp for SMT) with a
poasible deletion in the 3 HYR reghon.

DECUSSION

We have developed a long RT-PCR method for iz alation of the entire PKD/ coding sequence from its mENA
transcript (Thongnoppakhan e al., 1999) and applied it © sudy mutation of PKD] in patients with ADPKD. A 74-
byp deletion of exon 14 in o cDNA fragment amplifies f:0m the full-length PEDI<DNA (~13.6 kb) was observed in
two PEDI patients from the same PKO15 family. Subs:quent sequencing analysis of genomic DINA surmounding
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exon 14 region of PED obtained by LR-PCR and neated PCR procedures revealed that 2 nucleotide transversion
(A->T) had occismed al the position 26806 of PKD!. The nucleotide ‘A’ at this position is the first one in the
invariable AG dinuclestide of the splice accepior site in intron 13, Therelore, this [VS13-2A>T mutmion was likely
mmlhﬂ:?ﬂ-—mﬂhﬁminmIl\lﬂd‘bhhm-@lmwﬂuina:livnliunnfllum‘lulqﬂiﬂ:mphfﬂ'u
and utilization of a cryptic splice acceptor site at the nearby AG dinucleotide, located st position 73-74 bn exon 14 of
the PEDI mRNA (Fig. 3A).

When the 3 splice acceplor site is mutated, the =ffect may be either exon skipping or cryptic splice sie
utilization, Tﬁndmuhmlh:pmmﬂum-ilh:nmwﬁhhhhﬁﬂmwhuﬂhﬂ,nhﬁ
illegitimate, splice site in the immediate vicinity (Kre vczak of al., 1992, The observed RNA processing defect
indicates that the AG dinuclentide af the positions 26:80-26881 in exon 14 of PED/ is an available cryptic splice
accepaor site. n normal splice acceptor gites, a pyrimidine tract is always present preceding the AG dinucleotide
(Roed and Maniatis, 1985), A pyrimidine-rich trac, with two purine (GG) substitutions, prior o the AG nocleotide
was observed in e eryptic splice acceptor site in exon 14 of PED] (TCCTTOCCGGTTOCAG). The finding that
the band intensity of the short cDINA fragment derive-| from the abnormally spliced mENA was not mduced
compared with that derived from the normally spliced mRNA (Fig. 1B and 1C) indicates that this cryptic splice
scceptor site is used a3 efficiently as the normal splic- accepior site in intron 13, Additionally, the absence of a
shorter cDNA fragment lacking entire cxon 14 in the ame experimental result indicates that exon 14 skipping
essocisted with the [VE13-24>T mutation did not cecur.

Since this abnormal PED-mRNA was ectopicsdly transcribed in the patients’ peripheral binod lymphocytes. it
is also highly probably transcribed in the kidneys and in other organs snd cells that express polycystin-1. The
resulting protein would have a normal amino-acid seqsence for the first 1,054 amino acids followed by an abaormal
sequence of 20 amino acids introduced by a frameshii: (after the nucleotide a1 position 3373 in codon 1054) befors &
new stop signal (UGA) at codon 1073 is reached (Fig 3B). This truncased polycysiin-1 lacks the major past of the
extraceilular domain, all the transmembrans domaing. and the cytoplasmic C-terminal portion, which are critical for
itz predicied function as a signal mediaor.

A Normal Bplica B onch Splice

Marmal

T @ FP & A @ @ A pQ O H A R L R & F R

Congiory 1054 l:mhtim

Figure 3 A: Diagram showmg normal splicing of intron 17 {upper) and shnormal splicing &t 3 crypuoc splice accepsor site im exon
14 [lower) dise bo TVS13-245T mustation in the PEDS gene in the patients of PFEOLS family, The cryplic splice sccepior site has
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ﬂ:mimmm.hrﬂnmm-m mative splice acceptor site ot the inton | Mexon 14 juncion. The
shenienal splicing reslisd in?d-md:lzt‘r:puﬂ_um I4, lesing 60 moclemides of this exon, B Framghifi in protein transtation

Mw.mumuwmmumnmxm Brasier and Henske, 1997} which staies
that both germline and somatic mutations which would insctivate both alleles of PXD] are required,

Application of long RT-PCR and LR-PCR protoc-is for mutstion analysis of PEDJ in the PKD1 patiznis will
ﬁﬁmmmmﬂthmﬂmdmm Lrata on PED] mutarion spectrum will
help us 1o gam a better understanding of polycystin-| function, the molecular pathogenssis of PKDI, and phenotypic
expression in FKD patients.
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EFFECTS OF DRUG COMBIMATION BETWEEN PYRONARIDINE AND CURRENTLY
AVAILABLE ANTIMALARIALS AGAINST PLASMODIUM FALCIPARLIM IN VITRO

Eunnika Kugha and Wilairai
Department of Bi , Faculty of Science, Mahidol University Bangkok 10400, Thailand

The increase in meidence of drug resistant malsris paracites has led to the frequent wse of
drugs in combinstion. Pyromariding 5 2 oew antimalarial compound which hos been developed and
used in Chaina since 1970 mmﬂmﬁmmimm availabiz antimalariaks

{chloroquine, quinine, ind dibydroariemisinin againut multidrug-
(K1) strain of Plagmodinm = in vifro. mmﬁmﬂdhmﬂum

imibitory concentmation (E FIC) were employed for evalusing the inhibitory effecy berwesn te
varions combinations. The results shwowed that the sum of the fractonal concentraison of
each combination was less than 2 which indicated that all combinagions of iding wgether with
the other antbmalarials had no anm@gardstic eflect.
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Ailu  unllipsfu ans Telelerers i hu’nﬁtﬁmmu'l‘gtlulmnhrm?nﬂl warm it
'iarilhm mum'ﬂnmrnﬂl Kt Tuwnosrems: Tmlsmriereminsnsusdalylulunms e
AwETTINEW fractional inhibilsr: concentration (2, FIC) Tumsummasmug anills T wilumm
Mﬁwhﬂlmh nﬂmlnirﬂmll inhikitory concentralion
s larniueesinmeeer ¢+ gy assdmfurludoeugeeseilu et o
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THALASSEMIA AND MALARIA: NEW PARADIGMS FOR OLD DISEASES
Frapon Wilairs
Department of Biockemismy
Faculty of Science, Mahidol University

Hemoglobin Constant Spring (HaCS) ls & nondeletionnl form of a-thalassemila presest in 5-8%
ol the Thai populstion. It 5 due to & muation in the stop codon of a2-globin gene resulting in o-globin
chain which is elongated by 31 amino acids. Instability of a™-mRMA gresily reduces the production af
HECS. However individisls homozyges for HBCS ar those heterozygous with o-thalassemis-1 have
ummﬂwmmmmwmumm.
WMIMH&H{E—MWMH Discovery of membrane-
bownd ™ -globin chaing in HECS cells in nddition 10 the expected P-globln chalne, secounts for the

umsual pathophysiology of HbCS as och cells would manifest the properties of both a- and -
ihalassemin

The sbility of the most viralaw humas malirs parasite. Plasmodium firlciparem, 1o develop
reststance agamst neardy all currently wsod sntimularial drugs has meant thas there ks an urgent need 1o
dovelop more compounds. By wiewing ihe parssiie 49 & cancer cell, research wan conducted 1o change
the soucture of & known anticancer doa). smascrine, and synthesize new tompounds which were less
boxlc agaims buman cell and more seloctve agaims the parasite. The best compound io dute is 4-(3.6-
dinming-F-acridiny| ksmino | benzenesu foramide which has & high in vitn therspeutic index {1000) amd
imhibets P. ferlciparue i vitro with an 1C., of 20 nbd.

wwrAa lmdlunifmnlrmaafulisuassnands
s=mud HMasml
mAhrEnal sz e mad unTmodonfiRs ouwwsTN 6 10400

HlalnAfiu constant Soing (Hb £5) dhlulnatuBminddofmmnmammeiegd e
v 2 Inafhumsedwmia stop codon [ Susalilnmsebam St lnatueriuln 31 mmecily
Hlulnatunilafinuld s-om seotey mlne sannvfmemrimmieee o mRNA Tuds
\Bewumsazanms wasdawudiludimber unemeegifh homazygote dmiu HECS unx hetorozygos 7
AnmmEeuguuy o-thalssemin- 1 Tudidasine B mpasarnifenAnfoutudh
(D hemozgous a-thalsssemia-2 ¥30 Hb H (a-thalsssomia- 1 /a-thalsssemis-2) Barunmfin
winmsfiee o Inslwlassinere dussdfindossdaniunetnilontu  Silaemnfaswm
wwdavh nafuuwningadoistaoceills Anhldai bl ve cs endBarwbminiiuudt
Tw a- unz f-oanfhin

Bawantulinamiait ¥ glamoneiifinmianeSesiansnlikudaivi i
Haflwrmrunandoios i o euesda  SslaradaihusadifsdoeinTfimeues:
Wanomefalnely Twnn  Wesrnw llsmeefiarmEn el s Sraeedlieh
mmbwdwinmatied  dnfuldiio s i @ifen smescine Wl
el muetuueypiudAdrrwa srmdsonflunatudneigsedesedouncinn
Lﬂuﬁﬁn:uniuﬂuﬁiﬂuﬁ# ‘ufiﬂuq#udﬂlﬂqnln 4-| 3,8 -diamino - B-acridiiyl Jaming)
benzenesutionamice LeefiF in vire te apeusic ingex (WTH) = 1000 unz IC,, 'lu::_-'-'u 20 nM

poakey woass:  thalassemis, hemogiobin, malara. antrmalarial drug
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HEMOGLOBIN CONSTANT SPRING: AN ENIGMA UNDERSTOOD®

Prapan Wilaira
Depesrimert of Bivcheriviry, Fuewiy of Seience, Mol Universine
Rummer o | Boveied, Bearnsbork 103000, Thasilomrnd

A hemoglobin (Hb) varant with slow mobility on starch ecl-clectrophoresiswas
lirst noticed by Wasi and co-workers among a few patients with HhHdiscase and was
named |1b Thai. but the hemoglobin was not characterized(1).  Similar reports of a
slow: migrating 11h variant appeared among subjects in Greeee, Malaysia, Hong Kong
and the USA.  Identification of] the mutant globin ultimately fell 10 samples obtained
from three Chinese individuals living in Constant Spring. Kingston. Jamaica (2).

Hb Constamt Spring (CS¥ contains an clongaied  ce-globin chain due w a poin
mutation in the termination codon (TAA—CAA) of the a,-globin allele, resulting in
insertion of glutamine in position 142 and translation of 31 additional amino acids
before an‘inframe termination codon is read. Red cells of heterozygous (caw/aa)
and homozygous (a“a/a"a) individuals contain very low amounts of HBCS (less
than 10%) so that a“*-gene can b considered as being equivalent to ¢™*-thalassemia-
2(3). The explanation is that o -globin mRNA is unstable presumably due to the
intrusion of ribosomes into the 3‘untranslated region (UTR) of mRNA and thereby
displacing 3'UTR-binding proteins which confer protection apainst ribonuclease
degradation (4.3). i

However when a™-gene is inherited together with a-thalassemia-1, such Hb
H/CS individuals present a more severe pathology than thase with the classical Hb H
disease (6). Furthermore, homuzygous Hb CS subjects have clinical symptoms
which would not have been expected in the equivalent homozygous «=-thalassemia-2
state. Thus the presence even of 2 small amount of Hb CS is deleterious to red calls.

Based on the consideration that the extended form of a**-globin may interfere
with its association with B -globin chains, and thus making such unmatched «-
globin molecules more likely o precipitate onto the plasma membrane cytoplasmic
surface, we therefore examined Hb H/CS and Hb CS/CS red cells for the presence of
membrane-bound globin chains (7). SDS polyacrylamide gel-electrophoresis of
membrane preparations revealed (he presence of a protein band with molecular size
slightly greater than normal globi and this band reacted with rabbit anti-human o-
globin antibodies in a Western blot assay. The identity of this membrane-bound
protein as being o~-plobin wss further verified by comparing its miio of
biosynthetically [*H]-labeled proline/['C]-labeled lysine (11:11) with that of normal
globin chain (7:11) A similar finding was reported by Schner and co-warkers (8)
who in addition showed that both both membrane-bound a®*- and B -globin chains are
oxidized and that membrane altermions induced by a-globin chains are more akin to



those induced by B -globin ¢hains than those induced by w-globin chains that
accurmnulate in the B -thalassernias. It is unclear whether membrane-bound ot

elobin originates from binding of unmatched a*-globin chain or of cationic Hb CS 1o
the negative cytoplasmic surface of the red cell bilayer.

Hb H/CS cells an: mon: headrated than Hb H cells, and the passibility exists that
membrane derangement in [b/CS-containing red cells results in loss of activation of
K-Cl cotransport system which is responsible for dehydration of thalassemic cells {9).
Hypo-osmolarity induced K-+flux of Hb H/CS (6.743.0 nmole/1010 cellhr, n = 6)
and Hb H cells (7.3+0.6 nmol</1010 cell/hr, n = 4) were increased compared with
normal red eells (1.520.5nmol+/1010 cell/hr, n = 6), but there was no significant
difference between the two types of Hb H cells (10). ‘When the thalassemic red cells
were fractionated according 10 density, increased K-efflux were measured in both
iight and heavy fractions, with 3-4 times more activity associated with the light
[raction, suggesting that dense dehydrated cells in a-thalassemia may not be due to

activation of the K-Cl cotransport system alone. How Hb CS *“normalizes™ cell
volume remains unexpluined,
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QUANTITATION OF B -GLOBIN mRNA IN B-
THALASSEMIA/HEMOGLOBIN E

Yineadles Watanupokisin, Prawse Winichagoon, Prapon Wiltairit, Suthar Fucharoen
Depurineent of Biochemistry, Facwlty of Medicine, Srinodarinwirot University, Thalassemia
Resvarch Center, Institute of Science omd Techmology for Research ond Developmen, Deparonen
of Binchemisiry, Favnlty of Science, Mahidel Universing, Theilam)

Thalassemia is a widespread genetic disease. By the year 2000,7% of the m:-rld":'j
population will carry a globin chain mutation. B -thalassemia is a very heterogeneous
disorder due to the inactivation of the B - globin genes. Point mutation and small
deletion or insertion in the nucleotide sequences are the main molecular defect
responsible for most P -thalasseinia. The inability to synthesis B -globin results
in globhin chain imbalance Teading to the formation of excess unmatched
o= globin chains. It is, however, not cleur whether the level of B+
glohin miAA is alse reduced: Using real time PCR detection system [or
guantitation of a /B glohin mB%A ratio in diflerent genotypes of Thai B
~thalassemia sub jects was perlormod. The o /B gloin miNA ratios obtained
in & subhjects were as [ollows: BY B Yl case) 1.04, and B'™*"/B*(4
case) 2. 72-4.8y, B */B (1 case) .74, B=*'"/B*) case) 2.05 and B/
B ™9 case) 1.14, These results support the contention that the
imbulance ol protein synthesis in B = thalissemia reflects both
imparirment of tronslation and reduced P -globin mBNA content.

Thix work ix supported by The Thailimd Research Fumd and The Nationial Research Cowicll of
Threrifered,



ABSTRACTS

The 8th Federation of Asian
and Oceanion Biochemists and
Molecular Biologists Congress

22nd-26th November, 1998
[stana Hotel, Kuala Lumpur
Malaysia



Sympasium 1

Plasmodisem (alciparum DNA TOPOISOMERASES:
TARGETS FOR NOVEL ANTIMAL ARIALS

P. Wilairm, K. Kusha, N. Tegelri, P. Peamite, D.P, Figgitt', 5.A. Gammage”, 5.1 Wojcik'.
FK Ralph' and W A Denny”
Department of Biochemistry, Faculty of Science, Mahidol Uiniversity, Bangkok, Thailand,
'Schocl of Biological Sciences, University of Auckland, Auckland. New Zealand and “Cancer Research
Labomtory, School of Med: cing, University of Auckland. Auckland. New Zealand

There is an urgeni nesd o discover pev antimalarial drugs using 2 more sysiemalic and rational basis than
has been done in the past. DNA toposomerases arc a class of croymes which catalyze changes lo the
belical winding of DNA. A series of derivatives of amsacrine |4'<{9-acridinylaminojmethancsulfon-m-
ansiding), an antitumor drug and inhibil or of mammalian topoisomerase 11, were synthesized and tested for
their activities against the multi-drug sesistant K1 line of P. falciparum. The mast potent derivative, 3,6-
diNH2-1"-50.NH>-%-anilincacridine, find am [Csy = 20 nM with an in witro therapeutic index (TVTT) of
1000 relative to Jurgat cell, and inhibiied decatenation of parasite lopotsomerase 11 at 6 uM and sbove.
However. the compound was ineflective in P, berghei-infected mice. Derivatives of the AT-rich DNA
minor groove binding compomnd, -={4-{4-[4(N-methylquinolinium)-aminoe] benzamido] anilino]-M-
were those with substitions in the guimoline ring (ICw = 20 aM: IVTI = 1000) and inhibited both P.
faiciparum wpoisomerase | and 1] at apyroximately 25 pM and above

(PW is s Senior Research Scholar of the Thailand Research Fund))
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CLEAVAGE OF DNA [NCUDED BY 9-
INOACRIDINE INHIBITORS OF
TOFOISOMERASE Il IN MALARIA
FARASITE PLASMODIUM FALCIPARUM

5. Ay papkkitanon and P. Wilirat

Depetment of Biochemisiry, Focwine of Science,
Adak dod University, Bangkok. Thailamd

Dz 15 resistance to most of antimalarial drugs by P
Jelciparum, the most vimuleni strain of hunan malaria
parasites. development of wew effective antimalarial
drugt is wrgenlly necded Derivaies of o
anilinoacridine, an antitumor drug. have been shown
o mbhibit P foldporum growih in colore. and o
inkibui parasite DNA iopoisomerase 11 activity in
vitra, Using KCI/SDS peecipitation assay to detect
the presence of protein-DNA complexes within
parag: e cells. an indicator of DINA topoisomerase [I
insctivation. derivatives containing  1.6-diNH,
substittions  with I'clectron  dorating  (NMe,,
CH:NMie,, WHSOMe, OH, ObMe) or l-dn:lmq

During fopoisomerass [l-medinied DNA-protein
complax formanon. the eroyme forms 3 covalen bink
with (he 5-phosphaic of DNA producing a free
Fhydrood end Terminal

transfrrase waz uscd o lsbel o0 F-erminal of
fagmenied DNA in  sity (TUNEL technigue).
Defivuties of 9-anilinoacridines which produced
DNA protein complexcs 2s delermined by KC1/SDS
method slso produced significanily hipher TUMEL+
cells cpmpared 0 control. Pyronaridine failed 1o
stimul de an increase in TUNEL+ cells,

PW 1z & Senior Research Scholar of the Thailand Research Fund.
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Malaria : Pathogenesis and antimalarials

DNA TOPOISOMERASES AS TARGETS OF NOVEL

ANTIMALARIALS

Prapnn Wilairal', Saramya Auparaickitanon', Kunnika Kuaha', Nisana Tepsiri', Parntlp Petmitr’,
Davld P Figgitt’, Swarna A Gammage' Stanley J Woijclk’, Raymond K Ralph’, Willlam A Denny'
"Deparmant of Blochemesiry, Facully of Swence, Mahiot Liniversey, Bangkok, Thasang

‘Depdrment of Provoanoiogy. Faculty of Trogees Madicine, Manical University, Banghok, Thailand

“Schooi of Bivlogical Sciences, University of Audand. Auckiard, New Zastand

‘Cancer Aesearch Laboratory, School of Mesicne, University of Aucklang, New Zealand

The rapid appearance of resistnce to currently
used antimalarials by the most virulenl human
malaria parasite. Plasmodium faiciparum, requires an
urgent need o develop new drugs directed aganst
defined parasite targets. a strategy which had not
been followed in the past. DNA topoisomeraaes are 3
class of enzymes which catalyze change: 1o the
helical winding of DNA necessary during replication.
transcription. recombination and repair. A series of
derivatives of amsacrine (4'-{9-acridinylamino)
methanesulfon-m-ansidine). an antitumor drug and
inhibitor of mammalian topoisomerase II, were
synthesized and tested for their activities aguinst the
multi-drug resistant K| line of P. falcipanim. The
most potent derivative fE.E*NH 150 NH | had an
IC50 = 20 nM with an in v.rn'n therapeutic md:x of
1000 refative to Jurkat cell, and inhibited decaenation
of parasite topoisomerase [I at 6 pM and above.
Using KCI/SDS precipitation assay to detect the
presence of protein-DNA complexes within: parasite
cells, an indicator of DNA topoisomerase [I
inactivation, derivatives containing 3,6-diNH substi-
wtions with |"-eléctron donating {H]'v'l: l:h NMe ,
HHSﬂMt OH, OMe), or |'-electron wtlhdl:a.wmg
{SD]HHI] groups produced protein-DNA complexes.
During topoisomerase [[-mediated DNA-protein
complex formation, the enzyme forms a covalent link
with the 5-phosphate of DNA producing o free 3-
hydroxyl end. Terminal deoxynucleotidyl trasferase
was used to label to 3'- termini of fragmented DNA
in situ {TUNEL technique). Derivatives of 9-

aniflinoacridines which produced DNA protein
complexes as determined by KCLSDS method also
produced significantly higher TUNEL "cells compared
o control. In addition, dermvatives of the DNA minor
groove binding compound, 4-[4-[4-[4(N-
methyiyuinoliniumj-amino [benzamido janilino j-N-
methvipyridine, were wlso synthesized and tested for
their annmalarial properties, The most active com-
pounds were those with substitutions in the guinoline
ring {IC30 =20 nM; IVTI = 1000} and inhibited both
parasite topaisomerase [ and [T at approximately 25
UM and above. &=

Sepporied by LNDEWarkd Besk/WHD TDR Programrss,
Council of New Fsafond, und Mew Zealwnd Lomeyy Crane Boam
P is 2 Semior Rewsancty Schofar of The Thaitind Revearch Fomd
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STUDIES OF FLUOROQUINOLONE
AND ANTIMALARIAL DRUG COMBINATIONS AGAINST

P. FALCIPARUM IN VITRO

Sunan Nakornchai, Phattanapong Konihaiang

Daparimant ol Biochemistry, Facully ol Sciancs, Matidaol Linivarsty, Bangiok, Thailand

Topoisomerase is the enzyme which alter
topology of DNA by bresking and rejoining
phosphodiester bond of DNA. Bacterial topaisomerase
[T or DNA gyrase catolyzes interconversion between
closed circular DNA and supercoiled DNA.
Topoisomerase [l also play an imporn role in
decatenation of closed circular DNA and  unknotting
of DNA. Topoisomerase [I involved in DN/ replica-
tion and transcription. Fluoroguinalane has greviously
been reported o be effective against bacteral DNA
topoisomerase [1,

The antimalanal activity of several fluoro-
quinolones in vitrro aganst chloroquine resistant
P_faleiparum was evaluated by measuring ‘H-hypox-
anthine incorporation into the parasites,

Fluoroquinolones inhibited growth of parsites with

the EC_ of 107 M. _

When drug combinations of fuorquinolone
{norfloxacin, ofloxacin or ciprofloxacia) with
antimalarial drug (quinine, mefloquine, amesunate or
pyronaridine) were studied, quinine showed additive
effect with norfloxacin, ofloxacin and ciprofoxacin,
Mefloquime showed the additive effect in combing-
tion with norfloxacin or ciprofloxacin whereas
combination of mefloquine and ofloxacin showed
synergistic effect. Combination of all fluoroquinolones
with anesunate or pyronandine resulted antigonism. |

The effectiveness of fluoroquinglones om |
topaisomerase [ activity Wﬂminndtmﬂui
decatenation of kinetoplast DNA by partially
purified topoisomerase [I of P. falciparmm. All |
fluoroquinolones did not inhibited the deceienation |

activity of the parasite topoisomerase at I'E'l M. [n l

sty toposomerase [ activity of parasites determined
by Tunnel technigue was also not sepsitive to
fleoroquinolones. =

Sopported by the Thailaod. Besesrch Fund
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ISOLATION AND CHARACTERIZATION OF MITOCHONDRIAL
DNA POLYMERASE FROM PLASMODIUM FALCIPARUM

Pormtip Petmitr', Srisucha Chawprem', Prapon Wilsirat®
'Dapartment of Protosooiogy, Facuy of Trepical Medicna, and
"Deparment of Biochemisiry, Facully of Sssnce, Mahidol Universey, Bangkok 10400, Thailand

This is the first swdy on the purification of
mitochondrial DNA polymerase from Plasmodium
falciparam by using FPLC. The mitochondria of P.
falciparum was isolated from mare trophozoite stags
by differential centrifugation. Mitochondrial DNA
polymerase was partially purified and characterized
by using various specific inhibitors. Aphidicolin-
resistant and N-ethylmaleimide-sensitive DNA
polymerase activity was detected from purified
mitochondria of P. falciparum. The characteristics of
mitochondrial DNA polymerase was similar to those
of other eukaryotic DNA polymerse ¥ except for its
high resistance to ddTTP (IC50>400 mM). In
addition, mitochondrial DNA polymerase ¥ was also
resistant to nucleotide analogues such =5 (5)-1-3-
Irydroxy-2-phosphonyimethoxypropyl] adenine diphos-
phate (HPMPApp) and 9-[2-(phosphosyimethoxy)
ethyl] adenine diphosphate (PMEApp) (IC_ > | mM)
whereas ¥ -like DNA polymerase of P falciparum
cellular extract was previously reported as HFMPApp-
sensitive cnzym:{lﬂﬂ:luh!l}. The different
sensitivity of these imhibitors of mitochondrial DNA
polymerase from P. falciparum and other enkaryotic
DNA polymerases indicated that mitochandrial DNA
polymerase ¥ can possibly act as a novel arget for
chemotherapy of malaria in the future.

Thix work wes mpponed by The Thaiand Ressarch Samaf
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RED BLOOD CELL MEMBRANE 1IN THALASSEMIA

Prapon Witairs

Wﬂlm.mrmwuﬁm_hsmw 00, Thallsnd
Mmﬁmﬁquhmm“lmHWHMhmh
the homoseoumer [ or Hb H.  Conversely, o-bemoglobin chains scowmilsss 55 & resubl of 3 decwess in [-glcbim
prosuction im B-chalessesnis. Horwewrs  i-homoglotin chains cannos form bomoteeamers s thes semasiched chasny s
i the cytoplissnic surface of the red ool plisss mesbesis, Ab H s also Bl o the imeswtrans of o-shalsmemie el
culls. The impact of daese memibre-bound globin chains i w give rise b oxidative damsge oo boh the lipsd s promin
coenponents. Ouidation af the md cof membrane i probably the messli of free sl panoaiod by oa, heme o
brmichmemes. The abacemal rad ool = mpes and redoeed deformabilition of thalsssemiac el cells poled s defocs in e
mmmmmi_h‘m“hmd’mllmm
¢l|ﬂﬂﬁm-mntiﬂﬂh-ﬂhmm“ﬂnﬂMLﬂm
synems.  Nethwithstanding the e moleculs modifications that have ocosed on the cytoplasmic side of the
thalasszmic plasmss membrane, these pe-narherions are mesformed across the bilayer 10 mesifen s altseniions 10 the omer
wurface. Changes that have besn iden ified imcluds lows of sislle scld, co-clussmring of the glycophorins, binding of
ssasstibodies dimced spusdl o-galosory] maldues = well = necancgens of heed ], aml oniemalizstion of
phosphaidyleering. Autvaniibodies b 1 bees shows s be presest on the sarface of eryilrobilens s o- and Bhilassemia
indicatisg thet they miry be imvalved in ihe meffactive erydropoiesis encouniersd ia both syndromes.  Rscendy, €3
cyvalytic (-2 complement componcn: huve been detectiod o the surface of cirulassg el cedis frem [5ialassomiaHb
E subgecis. Al of these phenomess s omilase 1o the cregtion of ilpsals for eshanced remerval of thabssemis el bl
ﬂﬂhbﬂhhﬂyimﬁ:ﬂ:ﬂhﬂhrﬂ.ﬁuﬂjhﬁﬂquhmﬁhﬂﬂm
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(W ia a Scmor Research Schotar o ihe Thailand Resesrch Fund )




fo-ana deineaniin ey ey ind

Bur Oud Oue Oee Oo Qe Ow On Smﬂ 7
T oy T e Brye@7inm1 du 8

AEZRERAATERTATTTORE I e AT 10Ta0ny S18-ATHS, 41 N-EEET

INVESTIGATIONS [NTO THE PATHOOENIC MECHANISMS RESPONSIBLE FOR THE INCREASED
SUSCEPTIRILITY TO INFECTIONS IN THALASSEMIC PATIENTS
Prids Malusie', Prapss Sariyaphal’, Prapon Vilsirat’, Sushas Fucharoen’, Suchari Bhakdi®
umwmnwmm#wnmmammmvﬂm
nbversity, Banglkok.
“Deparmment of Biochemisy, Faculty of Siet-nce, Mahidol University, Bangkok
’mwmmﬂuhwmwmm,m
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infeetions and sherwed shoormalities in the plselsr s coaguistion fimotions. Acqaifed eomaplement defickency has hesn
reponied and might be one of te imporat | .£mes for incressed seseemibality 1@ infection. Howeves, me cless explanagion
mmm&mmhuqummmummu
thalzssemia ﬂnjﬁ_fhluhﬂd-qnhhh_hﬁmnﬂhhhﬁhnﬂui.ﬂmqum
of RBCs. Mamy biochemical snd structe) defects are found |n Salsssemic RBCs, including deplstion of cysoplmmnic
ATP, guidative damage to the mesbrune 9.8 compléomant sctivation on the gurfscss. It in kmown thes REC with sucs
defocts will shed pare of thalr msmiranes in the foem of small weicles.

{dar imvestigations cestered on tw search for mechesisms that head 1o the defecs limed sbowe, in particals
whether red cefl vesicles exist in wive. W have successfllly shown that red cefl vesicies ware indeed present in the
patients’ plesma. The wesicles were sphwrk il or oval in shape, with wn wverage sise of 0.0 pm. They were devoid of
SpeICITin, a major erythrocytic cytnskelotl possin, and exposed phosphatitylzerine on teir surface. The vesicles pozsess
prochigilant sctivity and sfficienty st the complament sysiem vis the aliemative pathway.

These findings could serve o linkiges berween dhe' defeetive hemoglobin synthesin, red eedl permichation and
promp of elinical complications found im thal.semls. The Fact that significant ssssusey of red cell wesicles o been G
10 b condtinily genermed v wheo, snd e voschis s funcrionally sciive in complemant activation, and comssmprtion of
coagulmion fiemes suppess that they represent impomans fsctses responsible for the complicatioe deseribed
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STUDIES ON DRUG COMBINATIONS ACAINST FPLASMODNUM FALCIPAR UM IN FITRO.
sdgumya Uiaidy and Prapon 'Wilsims
Deparmnent of Biochensistry, Faeulty of icience, Mahidol Linivemicy
mih“hlﬂhpﬂﬁwlﬁgwmﬂhmk
worsening. This & caused by ihe spresd af musltidneg-resistant Masmodiem faloiparum which is the moes visileni
strain of haman milans pamsies. Dy combinations bave been wsed 0 |ncrame the efficsey of Fresiment. i
preves of Jalay the emarpence of drojg - ssimance, and in vigre i undersiand the neode of sction of doegr. In this
mdr.mnmnit-qu,%pndﬁlﬂ,ﬂ,}-ﬁﬁuu—nﬂ-ﬁnﬂnphm
p-?m,mwhmﬂﬂuﬁmﬂhmmmwmd
chilormmphenicod |, hﬂﬂhmﬁ.ﬂuﬂlﬁlﬂ'—gﬁghﬂlwryﬂh“wﬂl
combinstion of bpdrogen peroaide and ¢ hlommyphenizol 'H:.imﬂuuhq'chhﬁﬁ:ﬁi-dmnlhtm
act by inhibiting de novo biosymthesés of wntloxident enzymes (such a5 catalise end glathions perosidese (GSH-
h!!nfmhipmﬂn,ﬂhﬂ:h.huqﬁqhﬂlhﬁtﬂhm%lﬁﬂ,mnm:hl
differend rechaminm.

msRmseysan Ty Ao meedtvie Plasmadion i hiooamaaes
afne gvieR ez tizwud T latmi
i auzinewend ond e dnniao

wind oy Tmszwwitduilgy bigmsf e mugsistzvngTan faiieaimnmmnm
MIE VAT T owiin Plzsmodian falciparum SaABABER TN WD ewil ave M aufugndon
HimAulsdninmusimeimn dudu wis Rewoonnfsomsadnnmio Snarelidleds
oo sengniveaendis smanfon mrh deie oaridast (Bydroges: peroaide’} WIMNEELS TUAURUTT
Tunguifuanraads i {eyelobe: mide sewracycline UNZ chlorsmpbenicol) WUTITIL I OROMMERT
ot it o hydrogen pereide $2fy chisrmmphesicol oA niforedoRiin Jumaali
i cyclbesimide unz seoseychne BTWIUTINT S ana il Twira el e andn oxidtive
dn-p‘lumrﬁw mn:nﬂmﬁumiﬁﬁn}miﬁwﬁuwm

(. FW s & Senior Resmarch Schotar of s Thaskind Research Fiund )
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STUDIES ON COMBINATION OF FLUDROQUINOLONE AND ANTIMALARIAL DRUGS
AGAINST CHLOROQUINE RESISTANT PUFALCIPARUM IN VITRO

Sunan Nekomchal and Pharanscong Korthaiang
Departmant of Biochamistry, Facuity i Zcience, Mahidol University

mm—umurmmmmﬁmmm
#.flciparum wes ewaluated by masswing "H-hypoxanthine Incorporation into the parasites.
Fluoraquingiones inhibitad growth of carasites with the EC,, of 107 M

mmm:mm{m.mwﬂuﬂme
mmumu{thr.nmnu.ﬁ-..mnmma]mm.mum
mmmmmmwmmmmmmm
mmmmuﬂmmmmmmm
shiwed synorgistc effect. Combination of &l Auoroguinolanes with pyronariding and artesunats
fesulted antagonism.

The efectivensss of Musroqionciones on lopciscmerase || ativity was determinsd frem the
decatenation of Wnetopiast DMNA oy partisly purified topoisomerase B of Pfsicipanm, Al
fucroguinciones did ot inhibited the decatenation sctvty of the parsaile oooisomersss ai 107 M
in il topoisomerass || acthwly of poratites determined by Tumel technigue was alss not sensitive
o Nuoroguinoiones.,

1319 Fuoroquinsione $35dum Midminanielumssindasanse

giur wAin uee riaowmed Auce
mrleiual ausinerasd un ' aodesdian

nriAmefouanss  muoroquicolone  maniwfounenle Fracipsum b W M
Auargquinaione Fidawimdalalania ec 10w

snnAnwienesamIly vorsquinalone (morfaxscn, ofiosacin, ciprofiaxesin) 13U
ddmendelummidonmlsd  eoiléfe Jold quinine FInfU norfiosscin, ofixacin Wia
cipfiauacin 4518 addtive sifect 14818 mefoouine TN norfioacin Wi clprofoascn w=1R
additive effect URETLE mefloquine T IMTY oficxacin 8518 synargistic effect LHaAnu Gmazeee
dndmnnnlenfalu 1du oyoneddios W0 antesunste FIHAU Musouinclone =18 antsgonistic
affect

Puoroquinaione FussmaeijiulassadosanIsudlifinnse opcisomenase 0 faiu
diulesiimrmihaglunrseda oo

(IFFumugmmyslassrmidos indninemnsrmuniuayuniTin)

PO KEY WORBE mataria, antimarisl negs, Auvonoguivolone:




600 3-0a7
#n-ana Galuwnnide bt b T

COwe @us Ounw O, Os Ower Om Oa Omwnm W fnm

Cloeni O wivd-uaken

Fiary T LAD smsSeadoed s e AweEas N4

: ey O Yore=-imnhus
ap, 246.0063 se B30 ndidne O N

ROLE OF o-THALASSEMIC ERYTHROCYTES IN INACTIVATING ARTEMISININ,

Jures Charenteeraboon !, Sumales Kamehonwongpaizan?, Prapon Wilsimt! and
Yongyuth Yuthaveng?
'Depnnnm:ufﬁhnhnﬂim+ﬁmlgnf5dmhhhidntuﬂuu:in.
*National Science and Technology Development Agency.

ln ¥itro swdies have demonstraied reistance to artemisinin by Flazmodium falciparum-
infecting o-thalassemic erythrocyies comparsd with those infecting mormal ones. Higher
accumitlation of artemisinin in o-tal czlls compared with normal ones has been reported fo be
due 1o higher binding of drug te }1b H (f4) in variant c=l than HbA. In this report, the other
mmuﬂumﬂmdmib:dm:mmmm.mmnrmm
inactivation by a-thalassemic c2l/s was then found. [n detail, the a-thalsssemic ceils were
incubated with "cmmmdanmummﬂmm
decreased greater than normal red blood cells. Morcover the radioactive artemisinin was
inactivated by both o-thalsssemic b ste and membrane.
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(PW is a Senior Resesrch Scholar of the Thailand Research Fund,)

WOEKRIVORDS: srternisinin, Plas godium falciparum, e-thalassemic erythrocyte.
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SARFATE UPTAKE OF THE ERYTHROCYTES FROM THE PATIENTS WITH AUTOSOMAL
mmumwmmmmmmum

Somkial Vasuvattskel', Pa-thal Yenchii:omenus', Prayong Vachwamichsanong’. Bmil Thuwgil, Charsos
Kammcharpchs, Vichai Lacsombar. Prics Lsinsl’, Prapos Witaiar and Skt Mimemannit’

" Renal Uit st Medical Molocutar Sigiogy Inik, Facully of Medioine Sirirsj Hospisl, Wahidal Lintversity,
‘mwmm'mymmﬁmmm,
¥ Dapartmant of Biochamisry, Faculty of Scienoe, Mahidol Linkersity

Tew patients with sulosomal mcess 4 dalel renal whular acidosks (SRTA) ard Soulhssst Asein calocyioss
(A veare identified and charscherzed S rwislion in AE1 gene. The muisions ocoumed i sxom 4, 17 and 17, The
PRGN in xnn § was the Aomarygous Banc 3 Memphs (LSEE]L Tha mutalions m exson 11 @ 1T wais helsmsygous
Ewand 3 AA0 ard G0N0 respectvely; and S Enke(s arahais wih e pams shownd thal thess mulliioes. scoured
in diflerant sleles. The 50," uplake of the o dhoeytes dmm e pasemts wers gual 1 it of e SAC parnts, P
the pathaogensa mecharsm of dRTA canng! be acoounied by the recuced 50,7 uptake.
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MEMBRANE STUDIES OF THALASSEMIC RED CELLS : SULFHYDRYL
CONTENT AND E-O1 CO-TILANSPORT
Mopparst Sseier' and Prapon W ilairs’
'Depasmmant of Biochemisiy., T aculty of Seiency, Makidol Universiey

Hemoglohin Cosstant Spring (CS) & an abnarmal hemoglobin. @ -Clabin resulis
from mutation of the terminal codon (TAA—PCAA) loested on o 2-globin gene
HummcsmﬂhmlhuuMMhmﬁwhmm
damage o membrane toan in £ -thalassemis (hemoglobin H disexte). Subfydryl content af
mnmkmdmmnhd-mm&mufﬂﬂndﬂuﬁﬂ-m]hm
sulfbrydryl consent of spectrin ard prosssn 4.1 in hemoglobin HACS and hemoglobin H red cell
mﬁmmnﬁmﬂﬂamﬂm:mlmﬂ.mmﬂf
hemaogloben HACS red cefls o 1t they are legs dehydrated than in hemoglobin H and B-
thatassemsic ted cells. K-Cl ot snspon studies show higher aetivity i all theee cell iypes.

iR Swpde catent Bz K-C1 ertransport UUAWYBAclmBmaRA e
Al oo
undad i’ uns trewud S lndmd
'mnTnFuadl nasinemed? wndwefouian
i[‘ulnn'ﬂ11HIumhn‘ﬁiﬂﬂhlnnﬂuﬂﬂunnmsmﬂuﬂh1|.nrdn![l
uubuil T wenodod- Inadly. snnmAmarnToue s Tnadusssfor-neumms
miffa Wil svadlmdonmenils ulonduvind Tunimind Hessbiduh
1 subfingdryl wna TR miseddnforunsat s Ty InaturiwiiTumnans
-‘hﬁqiﬂammlim;ﬂmﬂ:iumm&unﬁmnﬁnim avidized unz 1R
AnuiBanrlioudesdng w avuds hhmmEsurewiawnluisznmnneend. wa
avifmumud i@asnsvud s dunmBouded ulmise hulndonmeaneumunumii
Tariu T lnouemes ol luineduey  seewudannnvudagagelulin-andms
dand ety bu Inadud

PEXEEY Wt Subfbydryl conner / K-C1 coranspoe § halassemic red cof] mambmse

(PW i 2 Semior Rescarch Sehesar of tha Thaand Research Fund. )
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STUDMES ON TELOMERASE OF THE HUMAN MALARLL FARASITE, PLASMODIUM FALCIPAREN

Monuluk Sciwilajjaregn’, $oegsak Pemmitr’ and Prapan Wilsiras'
'&mulm.ﬁii.mw Undversiry
Wnrwmummﬂ.rmmmmmw

Tdmmhﬂﬂhqmﬁmwﬂmrﬁrmnﬂxhﬂmm
iormal el seem pradually to lose (elosms repems, wiomers langsh i fepd comstand in germiine and imoral
u&hymﬂmhﬁm.unhﬁu&nmﬁﬁﬂﬂﬂﬂm.MM
w&dmnﬁuqﬂﬂﬁhﬂm.huﬁ;ﬂuﬂkmmmmuj
m.ﬁpﬂiﬂmmuuhtﬂﬁﬁhﬂq—-dnnnﬂhﬁhmhm
trophoroite and schizond msmcts were mece actvity than ring exmece. In sddifion, the sotiviry sessitive 1o low
concantrazion of ribenucleass (Kiase) A, umong of four S4NTPs, ddGTP was the mest potent parssite i=lomersse
Mﬁwﬁmmmw&pmmmh:mﬁmhmw.

nrafmie T TELOMERASE voude oo PLASMODIUM FALCIPARUM

uifinugl rilande’, wiafnd overiing unz dremud Tadmd
't unt nuzInmmend unSweiiouien
‘mnin Invumowivadnuuns e e deTHy nesrermRdiva oy unedouas

Tolomars (DuTnsanTrafidmn ] m uTeuveagnd iond s udludemad S invoamd va=h
tebomers ynuAnAUNAHUDY ur hevod § uiuszvaRouRs U B Taon i enrvesoy Tl
telomersse TumaAmniionmonr e wonerse ¥0u30 P. falcpar (FumnWrndadens
RARINEIAE CHAPS tysis buffer) TAB THA® assay wrimrd sy TnSarwdfuiu ey
woudy TAUTEES tophozoite 1608 schimeot 1 islomermse: activicy qaninzes rng insunny ey eifive
sensitive 8 RNsse A uf2 woigndud=17Tag daeTrs 31 dsGTP Tlrsdwinmlunnfusnnniion foun
e visteema Wit parmsite telomersse 7 sl TniTunms Fmn Timunea

(mhlmﬂmm#HMWFﬂ.j

OES BEY WORDS: jnlomere. lelomemas. Farmodfum faleijparum
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INACTIVATION OF MHYDROARTEMISININ BY o-THALASSEMIC ERYTHROCYTES

Phantip Vanansviboos', Prapon Wiksim' =nd Yongyuh Yethavwng'

| Deparmsent of Clinicsl Microscopy, Fac-ity of Medical Techaclogy, Mahidel Usiiversity, 2 Deparment of
Biochemistry, Faculry of Science, Mahils: University, 3 Narioml Science and Techmology Developmess Agency

Relaive meffacivenes of arom sinmn and T3 derivatives agamst Plesssdiom fodparem miecing o
thabezsermic erythrocytes, both c-thakessomial/-thalsvemia? wnd O-thalsssemialiFb Comstant Spring, was
weviomly reported o be due W highes drug acomnulation in fese variont eryiwocyies & compared with
grnctically normal erythrocytes. Furthenrare, gremer drag hinding affinity and capacity of hemoglobin H over
hemoglobin A sccoumed 1o tes resimoce. n this sy, we s fousd dhat o-thalessemic Eryibeocyics
sccamslmed  radiolabefled  diydranes duin (DHART) higher dus Primlazoniahenoglchin E (Hh B)
erydmocyles a8 well a3 the noemal celle DHART sccomulstion cxgmcities of pormal snd o-thalsssmic
erythrocyies depended on the dnag conees mtion in medium with maximal Sforence m | oM Tovel, which s the
mwmmwmdmuunmmw:mm
Besides drug accumulation sl deg-hesor globin H binding. inactivation of DELART after passing thecugh the o-
thalassemic erythrocytes, b oot for oo msd fi-thslssemic T B erytiwocyies, was also otesrved. The ICsg
value of DHART in medium ncressed fhom 007407 oM before incubating with a-tuksssemic erythmeyiss i
$.143.0 nM after incubation. There was 2 evidence indicuted thar hemoglobin 1 acoounted i the lost of drug
acrivity. Sice relative incremesst of I alus of DELART was found i depend on it H ooncemsrasion added in
pansite cultire. The presence of isctve {orm of the dnag resulted i prolonged expossi of the parasite 1o mb-
optimal concentration of active drug which sould lead bo the idaction of dreg resistanee in the fune,
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ﬂnlmhlﬂuhdhmnnhnmﬂlhﬁuduiqmm In thalsssemic red celfs,
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thalassemic erythrocyies.
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PRELIMANARY STUDY OF ANTISENSE OLIGONUCLEOTIDES
INHIBITION OF PLASMODIUM FALCIPARUM MALARIA

Wirat Nimitsantiwong, Wilai Necnopakdee, and Prapon Wilairat*

Department of Biochemistry, Faculty of Science, Mahidal University, Rama V1 Street,
Bangkok 10400, Thailand

(.01-0.1p M) however, two antisense ODNs significantly inhibited growth of
mmmpmnﬂhlﬂnﬂcmﬁmﬁnggmimmnmluﬁum
hypoxanthine incorporation can not be used directly for the inhibition of the
gmwﬂlnfpanaitﬂsinneﬂﬂﬂulhmlundh}wmﬂuupuhmmwﬁh
untreated controls

Thi:wﬁrkwmmppoﬂadbylmﬁmﬁnihulluumhwmdmﬁuiﬂt
Prapon Wilairat.
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nmmu;mmﬁ.mwmﬁmmmmmwem
resulting in an imbalince m globin synthesis. Unmatched globin chains are less
stable than Hb A and bind to the cytoplasmic swface of the red cell membrane
Mw:mywﬂmmﬂaﬁwdmmﬂmunfwmdwdsmumt}muf
membrane-bound partially oxidized globin chains. A case in pomnt is the recent
discovery in Hb Constant Spring (CS) red cells of the presence on the membrane of
a CS globin in addition to the expected B-globin chains, Oxidation af the red cell
mﬂnhmn:i:pmhthrﬂumkd"ﬁmrﬂmhmmdbym,hmm
hemichromes which can affect both lipid and protein components,

Cauunhnhaﬂthﬂﬂhmnicﬂdmmmb:mmhmﬂmmﬁ:ﬁwmm
red cell membrane jon transport. K-l cotransport and Na-Li countertransport
activities are increased but Na-K-Cl cotransport is reduced. Na-K pump is
wereased i severe a thalassemis and in B-thalassemia cells. Surpnsingly plasma
memtn‘muﬁfﬂ?muﬁﬁ:yhhumdhmﬂumﬁ:mdmlh.mditmyb:
uncoupled from cation transport.

membrane bilayer allowing phosphatidylserine to be exposed on the outer surface
provides an explanation for enbanced erythrophagocytosis and for the thrombotic
mimmmmﬁmmwmm&w
patients. A slower rate of phosphobipid translpcation across the bilayer has been
suggested as also contributing to this phenomenon.

Severity of f-thalassemiz s attributed to instability of unmatched a globin chains
which cannot form homotetramers unfike the situation of excess f-globin chains in &
thalassemia which combine to produce Hb H  Laser confocal microscopy has
revealed abnormal assembly of mambrase protems i erythroid progemitors of
patents with f-thalassemia major which would likely contribute to intramedullary
Iysis. It is mot clear to what extent cell death is the result of apopiosis or
phagocytosis of the sbnormal erythroid precursor cells.

Thalassemuc patients are not only anemic but are constantly subjected 1o oxidative
stress. Levels of the lipid antioxdidant vitamin E are low but can be raised with oral
supplementation which can ameliorate lipid damage to red cells, but probably not-
that of the proteins.

(PW is a Senior Research Scholar of the Thailand Research Fund)
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ANALYSIS OF mRNA IN B-THALASSEMIA/Hb E BY REAL
TIME PCR DETECTION

Yuwades Watsnapokasin', Pranee Winichagoon®, Sutha Fucharoen®, Prapon Wilairat’
'Department of Biochemistry, Faculty of Medicine, Srinakarinwirot University, *Thalassemia
Emﬁﬂ-ﬂw.hﬁmﬂ'khu-ﬂhdumhwﬁrmﬂdbwdum;
"Department of Biochemistry, Faculty of Science, Mahidol University, Thailand

Reverse transcriptase-polymerase chain reaction (RT-PCR) has
been widely used to quantitate different types of mRNA. However, the
method still requires post-PCR manipulation which is labor- and time-
intensive. Therefore, in this study, real time RT-PCR has been
conducted to quantitate the o/ globin mRNA in p-thalassemia/Hb E
patients as compare to normal control. Since patients with B-
thalasssemia/Hb E show remarkable variability in severity, thus, the o/
P mRMNA was determined. * The result is shown in figure 1 supporting
that the imbalanced protein synthesis in P-thalassemia reflects both
impairment of reduced f-globin chain mRNA and translation.
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(PW is a Senior Research Scholar of the Thailand Resesrch Fund )
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GENOTYPE-PHENOTYPE INTERACTION IN Pp-THALASSEMIA :
EXPERIENCE IN THAILAND

E_Winichagoon, Y. Watanapokasin, P Wilairat, Ping Chen, Guifan Long
N. Siritanaratkul, P Wasi. 5. Fucharoen ¢ l

Mummc“nmgmwrwmﬂpmammmw
of Blrchemistry, Faculty of Science and Degariment of Me-Hicine, Siriry Horpisd, Mhidal Llanvrraiy,
Deparumens of Bipcheminry, Facubty of Medicing, Srinakaimwino Uiy, Thaunlunid aned Hemoglobin
Lishoratary, Deparvmear af Pedintric, Guonges Dmiversity f Madical Sciemres, Nunmuig, PR Ching

Bewm (halassemia &5 2 very heterpgensous disonder due 16 sarintions in inbclivatien mochamism of the [-globin
genes.  Point mutations and small deletions of intertive: in the mcleoside sequence are the madn molecular
defects responsible for mast f-ibalassemia. Homoaygow f-halassemio and (-hotaseeminMb E we major f-
ikalosrpemic symdronses in 5.E. Asss. s spise of seemingly sdentical genotypes, severity of [-iBnlacyemic
patents con vary greatly. Heesogeneity in the clinical menifesssion of J-thalossemac dSsenses may ccosr from
the natizre of f-globin gess mutation, a-thalesamia gens imemction aed difference bn the amoum of Hb F
prohisction whach 13 pantly associged with a specilic J-ghobm huplotype.

A wial of 144 B-thalassenyia patiests, 116 Thal snd 3% Chiscss [rom Masning, were divided imio mild,
imiermedliase and sovere cases acconding to clinical dacs and Semoglobia concentraon. Clinseal dita ncluded the
age onset of presentalon, kge an firs blood transfesion, requarement of blood wassfusion, hepalasplenomegaly
ml growth developmem, Using these criena 46 patienis oo hed Hb 2 7.5 gidl had a mild clinisal sympeom;
& wege " halassenun or {*-thalassemaaHb E and 33 patenis wers BT ahalassemn o - imalasseminHb
E, IT of whom alsa b comhenwsce of o-thalossemia genes, Of the 43 pavents willy severe chinscal symplam,
16 were (PO thalossemas, 3 BP0 *-thalsssemmia und 12 f*-1hlassemiabE. Comberitance of @-ibslmsamia was
fominid in B cases of [0 thalarsemia bot i did not ameniomee de seveniny of the diseose [ Tabile | §

Jable | Summery of geastuc feciors thn may deiermane tw severny of f-ihalassemia disease

Clinkéal symptom Homezygous J-thal usemis f-Thalsssemia'Hbh E
Genstle Factors Mild | Intermedia | Severs | Mild | Imiermedia | Severs
Totd subjects (Mo, 1] I 3l 1) 4d 2
PH-Thalft-thal (Hb E) & i} o 4 i 0
BO-Thal/fi*-thal (Hb E) 12 “ ] 26 44 12
P2 That . shal a 7 26 o L L
oe-Thal [ 1rai 3 1 F] Q I o
a-Thal iz-thsel 2 | 1] i a 1] o
@-Thal 2 i 1 F | 3 L] 1] ]
Hb Coastant Spring (€3] i 1 o 4 2 |.:|
Xmn . — LT T F .. | L} 4
Xmn [, #4 ] & o i I a
K [, -+ i 3 L 12 ¥
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BINDING AND INACTIVATION OF DIHYDROARTEMISININ BY
0-THALASSEMIC ERYTHROCYTES

Yongyuth Yuthagong', Juree Charoenteeraboon?, FPrapon Wilgiras®,
Fhantip Vatanaviboon® and Sumalee Kamchonwongpaisan'

1: National Science and Technology Development Agency, Rama 6 Rd_
Bangkok 10400, Thailand

2 Department of Biochemisiry, Faculty of Science, Mahidol University,
Rama 6 Rd,, Bangkok 10400, Thailand

3 Faculty of Medical Technology, Mahidol University, Thailand

Flasmodium falciparum infecting a-thalassaemic erythrocytes (Hb H or
Hb H/Hb Constant Spring) is resistant to artemisinin derivatives. Similar
resistance, albeit at a much lower level, is shown by the parasite infecting p-
thalassaemia/Hb E erythrocytes, The resistance is due to host-specific
factors, one of which is the higher uptake of the drugs by the thalassaemic
erythrocytes than normal. a-Thalassaemic erythrocytes retain accumuiated
dihydroartemisinin after exdensive washing, in contrast to normal erythrocytes
which release most of the drug, Hb H accounts for a significant portion of
bound drug. Binding experiments showed that it has 5-7 times the drug-
binding capacity of Hb A In addition to higher drug binding, incubation of
dihydroartemisinin with a-thalassemic erythrocytes resulted in preferential
inactivation of the drug. Incubation with either the hemaolysate or membrane
fraction from these eryihrocytes to the culture medium also resulted in
preferential inactivation of the drug. It is concluded that the ineffectiveness of
dihydroartemisinin against P. falciparum infecting the thalasssemic
eryihrocytes is partly due to competition of the host cell components,
particularly Hb H, for binding with the drug, and partly due to inactivation of
the drug by the call components.

(PW is a Senior Research’ Scholer of tie Thailand Reszarch Fund)
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HYPOXEMIA IN THALASSEMIA

Suthat Fucharoen', Pranee Wirichagoon', Udom Chantaraksri®,
F:iupnn Wilairat’, Ahnond Bumyoratvei’, Praparn Yomgchaivud®,
Nisarat Oparthiattikul®, Dhira Somakul’, Kleophant Thakerngpol”,
Yoshinori Funahara® and Frawase Wasis

! Thalassemia Research Center, fnstitute of Science and Technology for Research and
Developmens, -3 Deparrment aof Pharamcology and Biochemisiry, F.u.cuﬁ; af Science,
"ﬂrpdnmur af Pathology, Faculty of Medicine Ramathibodi Hospital, 3- enit
of Medicine, Clinical Pathology and Puthology, Faculty of Medicine Siriraj Hospital,
Mahido! University, Bangkok, Thailand: 8First Department of Physiology, Kober
Universiry School of Medicine, Kobe, fénan

Hypoxemia in thalassemia is a very unique syndrome. It was first observed in a 16
years old splenectomized P-thalassemia/Hb E patient in 1977, A series of studies were
carried out in order to understand the mechanism of hypoxemia on top of chronic anemia
in thalassemia. The results can be summarnized as follows :

. Hypoxemia 15 observed mainly among B-thalassemia cases, especially afier
spleneciomy. It is more common in severe cases with rather low hemoglobin levels.
The syndrome may occar in both male and female, after splenectomy without any
definite period.

2. Climcally, patienis with hypoxem:a are easily tired especially up on exertion.
Peripheral cyanosis and clubbing fingers are observed in some cases with chronic
hypoxemia. About half of these patients have clinical evidence of pulmonary
hypertension with changes in chest x-ray and electrocardiogram suggesting right heart
strain,

3, Pulmonary function test reveals restrictive, obstructive and combined defects.
Hypoxemia in thalassemia, thus, may oczur from ventilation/perfusion mismaich and a
diffusion defect.

4. Abnormal platelet function is obssrved in almost all thalassemia patients. There
are both hypo- and hyper-aggregated piatelets in patients” blood. Abnormal hyper-
functional platelets are more obvious among splenectomized cases. Platelet dysfunction
in thalassemia results from many abnormalities including cellular (red cell) and soluble
factors in the plasma.

5. The levels of protein C and protein 5, an important vitamin K dependemt
coagulating protein, is markedly decreased in splenectomized thalassemia cases, but
there is neither evidence of vitamin K deficiency nor other abnormal production of
proteins. Marked reduction of y-carbox ylaied protein C may result from its binding
with the negatively charged phosphatidylserine on the thalassemic red cell outer
membrane surface.

C
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INVESTIGATIONS INTO THE PATHOGENIC MECHANISMS RESPON-
| SIBLE FOR THE INCREASED SUSCEPTIBILITY TO INFECTIONS IN
THALASSEMIC PATIENTS

Prapat Suriyaphol', Pridg Malasit’, Prapon Wilairat®, Suthat Fucharoen®,
Sucharit Bhakdi'

 Medical Molecular Bintogy Unit, Office of Research & Developmens, Faculry of Medicine, Sinraj
Hospital, Mahidol University, Bangiok
Department of Biochemistry, Faculty of Scieace, Mahidal University, Banghok
4mmnmmdmﬁmwmmmunmmty,ﬂmgm
ntitue of Medical Microbiology and Hygicne, Mainz University, Germany
It has long been observed that thalassemic patients, particularly thase who have
been splenectomized, are mofe susceptible to repeated infections and showed
abnormalities in the platelet and coagulation functions. Wide spectrum of infectious
mmmmmmmmmﬂmmmd
thalassermua. ﬁqﬁdmmmbﬂmmpumdmdnﬂgmh:mnf
the important factors for increased susceptibility to infection. Platelet microthrombi
are also found in pulmonagy vasculatures of severe patients. However, no clear
-on has been offered for the mechanisms leading to hypocomplementemia,
ahnormal platelets, and coagulddon system in thalassenua.
ﬂnpﬁmuyduﬂ:ﬂ_i':hhmﬁliﬂh:mduﬁﬁnnnfglnhtndnmsjwheﬁs_
which leads to the abnormalitizs of RBCs. Many biochemical and structural defects
are found in thalassemic RBCS, including depletion of cytoplasmic ATP, omidative
dmﬂgﬂmd:mnuhmtd;mphmmh:ﬁnﬁmmlh:m. It is known that
RBC with such defects will shed parts of their membranes in the form of small vesicles.
ﬂurﬁmpmmmtrdmm:m:hﬁ:rmhwﬂmﬂmludmm
dﬁdlﬁﬂndahuw.inpnﬁmhtwhlﬂﬂ'mdndlvuiduﬂiﬂmwm We have
mmﬂ.dhrmmnmdﬂﬂﬁdﬂmhdeminth:paﬂmf plasma
mmmmmWﬂmmmEpaﬁmu,mmmm
splenectomized [i-thalassemia HhE and non-spienectomized o-thalassemia  The

wmdwddnfmimn-mﬂmﬁyﬂrmyﬁ:qmmk:malpmtdn.mdmed
1 ine on their srface. Shortened clotting time was found when
mmmﬂmmmmﬂmmmmqmmmﬂ
pmmhﬂﬂvhy.ﬁvmthmﬁdﬁﬁmﬂruﬁvmmmﬂm
Mhﬂhwmmh:nﬂigﬁﬁmﬂ;ﬁwmeuﬁnhgubemmm:
d&lﬂiﬂhﬂﬁﬂﬁnﬂﬂhﬂrﬂﬂpﬂm@nm:mn{cﬁnﬁ

described, Wmtﬂﬂ!gﬂﬂlﬂﬂﬂﬂf?ﬂiﬂﬂﬂiﬂﬁ remain 10 be
elucidated and the understanding of the pathophysiology of this phenomenon could
hﬂmmmmmuhmpmﬁwﬁmmw
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RENAL TUBULAR ACIDOSIS, AE1 MUTATIONS, MALARIA: A
UNIFYING HYPOTHESIS

Prapon Wilairat, Peti Thuwajit

Department of Biochemistry, Faculty of Science, Mahidol University,
Rama 6 Road, Bangkok 10400,

The kidney maintains acid-base homeostasis by reclaiming all filtered
bicarbonate and excreting acid sufficient in amount to that produced by
systemic metabolism. The acid secretion occurs in the distal nephron,
mediate largely by type A intercalated cells (IC) of the cortical and outer
medullary collecting du¢ts. Inherited defects in this urinary acid secretion
process is known as primary distal renal tubular acidosis (dRTA), and is
manifested by inappropriate alkaline urine in the presence of systemic
metabolic acidosis or in response to an imposed acid loading test. Primary
dRTA can be inherited by both autosomal dominant and recessive patterns.
Autosomal dominant dRTA has previously been shown to be associated with
mutations in the AE1 anion exchanger gene (Karet FE et al. Proc Natl Acad
Sci USA 1998: 95: 633742). This gene encodes for both the erythroid
(eAE1) and the kidney (KAE1) isoforms of band 3 protein (Tanner MJA.
Mol Membrane Biol 1967: 14: 155-63). Kidney AE1 exchanges bicarbonate
for chloride across the hasolateral membrane of the type A IC during urinary
acidification, which requires proton to be transported across the apical
membrane. More recently, AE1 mutations linked to a recessive syndrome of
dRTA in two Thai siblings have been identified (Tanphaichitr VS et al. J
Clin Invest 1998: 102: 2173-9), We have now identified recessive
inheritance of AE1 mutations in dRTA associated with Southeast Asian
ovalocytosis (SAO) in three unrelated Thai families. SAO individuals have
abnormal shaped red cells and are heterozygous for a band 3 deletion. These
incidences of autosomal inheritance of dRTA suggest that carriers for AEI
mutations (other than SAO) may be polymorphic in the Thai population.

We hypothesize that these carriers for AE1 mutations have a selective
advantage by being protscted against malaria, possibly by reduction of
cytoadherance of P. fa/ciparum-infected red cells to capillary vessels and
thereby are less likely to have fatal cerebral malaria.

PW is a Senior Research Scholar of The Thailand Research Fund,
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COMBINATION OF PYRONARIDINE AND STANDARD
ANTIMALARIALS AGAINST F. FALCIPARUM IN VITRO

S Nakaornchai, P Konthiang, P Wilairat

Deepartment of Biochemusiry, Faculty of Science. Mubidol University, Bangkok. Thailand

yronaridine (%-substituted- | -aza-wridine} is o new antimalarial compound synthesized in

China. Pyronaridine is structurally related 1o guinacrine; its side chain resembles that of

amodiaguine. The combination of pyronaridine with pyrimethamine and sulfadoxine has
been used for the treatment of chloroquine resistant falcipanmm malana.

Pyronaridine was assayed for in vitr antimalarial sctivity against chloroquine resistant P
Jalciparum by measuring ‘H-hypoxanthine incorporation into the parasites, Pyronaridine inhibited
the growth of parasites with the EC_| of 4x10)* M. The ring siage was more sensitive (o pyronaridine
than trophozoites and schizonts.

When drug combinations of pyronaridine with currently available antimalariul drugs were studied,
pyronandine showed an antagonistic effect with dihydrofolate reductase inhibitor, pyrimethamine
or cycloguanil, Drug combinution of pyronuridine and tetracycline or flucroquinolones also showed
an antagomstic effect. Combination of pyronaridine with quinine. or with mefloquine or with
anesunate showed an additive effect.

This work oy suppeerreed frv Feilord Reseerch Fand
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STAGE SPECIFICITY OF PLASMODIUM FALCIPARUM
TELOMERASE AND [TS INHIBITION BY BERBERINE

N Sriwilaijareon’, A nguras, M Fonaglikitmongkol'. § Petmitr

P Wilalrat'

'Department of Biochemisiry, Pty of Science, Mahldol Univerity, Banghok, Thailam!
“Drepartment of Anatony, Facully of Medicine, Chulalongiorn Usiversity, Bunghok, Thaitand
'Department of Tropical Nutrition -dFmdSciln.anmuuicinu. Mahided University,

Banpkok, Thailand
elomerase, a nibonucleoprotein, chromosome felomere length during the cell cycle,
T permitting cells to uﬂu:un:m divide . We have examined telomerase activity in
asynchronized and synchronized Plasmodium falciparam during its erythrocytic cycle

using TRAP assay. Telomemse activity was detected at all stages of the parasite iniraerythrocyte
development, with an intrease m.l:tim]r in'the lute stages (trophozoite and schizont) compared
with early stage (ring), |M|th!1hm* was i comelation between expression of telomerase and
erythrocytic cycle regulation. Wa have investigated the inhibition of this enzyme by berberine
extracted from Arcangelisia flava (L.) Merr. ine inhibited P, falciparum \elomerase in a dose-
dependent manner over a concentration range of 15-370 pM. In addition, we have also examined the

effect of berberine on parasite prowth using [*H]-hypoxanthine incorporation method oblaining an
IC,, value of 2.4 uM. These data indicate that P. falciparum telomerase is a potential target for

fulun! malaria chemotherapy.

Supported by the National Science end Technology Development Agency, Minisiry of Science, Techaology
and Ervirmnmend, Thaoifand. P Wilsinar is o Semibr Ressarch Scholar of The Thailand Research Fund,
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THE THALASSEMIC RED CELL MEMBRANE

Prapon Wilnirat |

Department of Biochemistry, Faculty of Science, Mahidal University,
Hama & Road, Bangiok 10400, Thailand.

Globin imbalance in thalassemia results in the binding of
unmatched globin chains to red cell membrane where they cause

oxidative The results of such insults depend on the nature of
the memb sund globin ies, Hb H (B4) in the case of a-
thalassemia and unpaired chains in P-thalassemia. Baoth

types of thalasseric red cells are more rigid than normal cells, but
under high shear stress f-thalassemic red cells undergo fragmentation
whrmthn;hmu-wmm?ﬁ:&uumg R.adg%:
containing the elongated a-globin variant, onstant

have «“ and HbH bound to their membranes, pnn%m

Enthu observed in HbH/CS and homozygous HbCS individuals,
a rndudlhurhmhgluﬂmumnm:hnmu'thmﬁ-
assemia.

Oxidation of the thalassemic red cell membrane lipid and protein
mpnmmmhaﬂrmm&mﬁumdmﬂsgmﬂmdhylmm
heme hemichromes resulting in  elevation of membrane
mnhnrl&illﬁhjdl, reduction of vitamin E and loss of protein
sulfhydryl contems. Oxidative damage to membrane ion transporters
dacnnunufwmn mhﬂmnmmmlum:r hmﬂa There thl.:-
isruption to organization o ipids in
mhmhlhﬁw laﬂlnntl:[.:be P;:dunthu
outer surface, ‘fmu.rlumn thalassemic red cells Iu.'w.- been
observed both im vitro and in vivo. In erythroid progenitors of patients
with [-thal major laser confocal mictoscopy has revealed
abnormal ¥ of membrane proteins,

The recognition that thalassemic patients are not only anemic but are

constantly subj to oxidative stress suggests that appropriate
antioxidant intervention may be warranted.

PW is a Semior Research Scholar of The Thailand Research Fund.
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STUDIES ON THE EFFECT OF 35 DIAMINO-ANILINOACRITHNES ON HEME
FOLYMERIZA THIN

Kritghai Pooncharson , Saranys Aupanskdeitanon and Prapon Wileimat
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Ower 100 million people evary your coniract malaria resibilag in more than | million desths
Conirel of the mosi virulent form of the malaris passite, Plowsodiuem fafciparn, has besn
hq:ndhyhﬂlynfﬁ-pmﬂludwuhpmuml}-dlnfﬂnmﬂﬁ
antimalarisl drugs We heve wown thet snslogs of 3, 6-diamino-9-anilinoacridine nhibit
Flannodtum falciparum growth in adtore. 'We have now stodied the effects of these drugs on heme
polymerization in witro by incubsting drugs with hame (0.4 mM) and inducing heme polymerization
under acid condition. The guamtity of beme polymsr was determined by dissolving the heme pellst
i DMWS0, 1050 wabhsee (concantration to inhibit hemes polymerzation by 50 %) were messured using

chioroquine s control (s, = 2.9 » 107 M), Four analogs of 3 6-diamino-9-anilinoacridines with
different substitnent at Ci'- position of sailino branch { NMey , OMe | CHyNMe, . NHSOMe )
mlﬁuﬂ.ﬂnﬂrm'—hﬂn{uuﬁh‘ﬂﬂmhﬂﬁhpﬂrlﬁ‘lﬂiﬂn{[ﬂ.-?.hlﬂ"hﬂ

rsAmenledminmvusaotungu 3. ¢ ~diamino-anilineacridines flsosisvurun1: heme
polymerization
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wimitullayify rmuhmlungs 3, ¢ ~disming-9-snilincacridines l“nllilmn?q:iﬂm-l F.
Jolciporum Tyvmzin umtiﬂnnlhmwmiﬁwmn bemo polymerization Tunsos
rmoei o ldemfoudy beme (0.4 mM) b biiannousm polymerization Tuanems  mwdiow
heme polymer i Insozrorzanylu DMS0. simduwwn 10 { srafirluvssedrurmiud e
heme polymer 18 s ) Yae't Chloroquine i positive control (15 = 2.5 x 107 M) milffmmrmess
fus 4 vh1wﬁudﬂma]ﬁ-mmmmm position veucys wniling |
Mo , OMe , CH;MMe; , NHSO:M:: ) unzwarilliflss | sdafirwmadufiernns heme polymerization
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Analysis of spectrin phosphorylntion in thalsssemic red coll membrone
Pomnpimon Metheenukul, Prapon Wilairat and Rutaiwan
Department of Biochemistry, Facaulty of Science, Mahidol University

Thalsssemia ts a genetic dissas of sboormal globin chain synthesis, which results in an
imbalanced globin chains sccumulation. The excess globin chaing bind o the red cell membrane,
cansing Incressed rigidity (or reduged deformability) of the red cell membrane, which leads 1
premature destruction of the red calls by the reticulocndothelisl rystem.

We determined whether spectrin phosphorylation contributes 1o the reduced deformability, and
thus, the premature destruction of the red cells in thalassemic patients by Western analysis of ghost
prodeins using anti-phosphoserine, w i-phosphothreonine and anti-phosphotyrosine antibodies. We
found that the levels of phosphosering and phosphothreanine in f-spectrin of the thalassemic ed
cells were mol significantly diffoant Gom that of the nomal red cells, suggesting that
phosphorylation of these resides is not involved in regulsting deformability. However, we cannot

exclide the possiblity that phosphor-lation & serive(s) and threonine(s} plays & role but we failed
todetest the changs,

We also reported the presspoc’ af tyrosine, phosphorylation in f-spectrin afier vanadane
trestment. Phosphotyrosine in f-spec gin of B-thalsssemia/Hb E (non-splencctomized) patienty was
significantly highes than that of nosmal control (p < 0.05), miplying an increased phosphatidylserine
exposure and increased rate of destriston of thalassemic red cells by macrophage attack.

e durenafdeslndades TuisfneeidnGarus e thorssd o
ardun_wiygs v Tlefed we qiemmnd Bees
mrwtrinall Aeusivareraed sorviireio fa

daiulnduleniugremidniads o nendsRius e basloadiu #10n otondusiiends e uis

b sdnenn mndiangwenminfian aetuas adeiembdademas  Dususmititignmlinays snein
Eovutra Fon v dnmsilonRmmun sigr b ia irosean ialu T lundwdro i yrassrinda nsturs sfrduovd
dimiemmmendeddmfonfnsfuswine ok loomalie wesiern Bict Tanlfusubusiss prosphossnee,
Fhosphofrecring W8S prosshofrosne L 1 redurensiescinisainedursaddindilsgeunse @whied s
us treorrslsluseatslaianaildvndnfue sddndasunsimurd afdlahE Deasaus b o veson
Bt imsthyla UL e duneue . Ussnesn RswgassoneRlawgy  Gesaudivi e anededs
vl et L0

mwnﬂmmlnm snaid ey oo ﬁrmi.ruﬂﬂnuh" e TY
adnauineiu s dasunifiy et tmamech Tudadeeusenaton et A TAGnu Drsdidion)
veaere e veaLsh s mudtidlusd of dnd ey i < 006 ussreRaduyeenied yrcano SRk e uiede
dniinliFn phascrateunns aspos.rs (i S bfimmusiweaddssus e duns

This work was supported by Thai lnd Rescarch Fund.




— = e —

The First Science & Tachnnlngy
Annual Haetlng




Ovalocytosis and Distal Renal Tubular
Acidosis: The Malaria Connection

Prapon Wilairat', Peti Thuwayit',

Sombkiar Vasuvattakul®, Pa-thai Yenchitsomanus’,
Prayong Vachuanichsanong’, Charoen
Kaitwatcharachai’, Vichai Laosombar’,

Prida Malasit', Sumalee Nimmannir®,

' Department of Biochemistry, Faculty of
Science, “Renal Division, Faculty of
Modicine Siriraj Hospital, *Medical Moleclar
Biology Unit, Faculty of Medicine Siriraj
Hospital, Mahidol University,
‘Songklanakarin Hospital, Prince of
Songkla University,

The kidney maintains acid-base homeostatsis by
reclaiming all filtered bicarbonate and excreting acid
sufficient in amount to that produced by systemic
metabolism. This acid secretion occurs in the distal nephron,
mediated largely by type A intercalated cells (IC) of the
cortical and outer medullary collecting ducts. Inherited
defects in this urinary acid secretion process is known as
primary distal renal tubular acidosis (dRTA), and is
manifested by inappropriate alkaline urine in the presence of
systemic metabolic acidosis or in response to an imposed acid

loading test.

Primary dRTA can be inherited in both autosomal
dominant and recessive patterns. Autosomal dominant dRTA
has previously been shown to be associated with mutations
i1 the AE1 anion exchanger gene (Karet FE et al. Proc Natl
Acad Sci USA 1998; 95: 6337-42). This gene encodes for
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both the erythroid (eAE1) and the kidney (kAE1) isoforms of
band 3 protein (Tanner MJA. Mol Membrane Biol 1997; 14:
155-65). Kidney AE1 exchanges bicarbonate for chloride
across the basolateral membrane of the type A IC during
urinary acidification, which requires proton to be transported
across the apical membrane. More recently, AE] mutations
linked to a recessive syndrome of dRTA in two Thai siblings
have been identified (Tanphaichitr VS et al. ] Clin Invest 1998
102: 2173-9).

We have now identified recessive inheritance of AE/
mutations in dRTA associated with Southeast Asian
ovalocytosis (SAQ) in three unrelated Thai families. SAO
individuals have abnormal shaped red cells and are
heterozygous for a band ? deletion. Affected individuals in
two families were compound heterozygotes for SAO and
G701D, and in the other family for SAO and R602H. Sulfate
uptake of dRTA red cells from probands in the former two
families did not differ from those of SAO heterozygotes (about
half'of normal controls) but in the latter family sulfate uptake
of proband was half of that of SAO red cells. These
incidences of autosomal recessive inheritance of dRTA
suggest that carriers for 4] mutations (other than SAO) must
be polymorphic in the Thai population. It is hypothesized
that these carriers for AE]/ mutations have a selective
advantage by being protected against malaria, possibly by
reduction of cytoadherence of P. falciparum-infected red cells
to capillary vessels, and thereby are less likely to have fatal

cerebral malaria.,

(PII" and PM are Senior Research Scholars of The Thailand Research
Fund.)
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P-189
ENHANCED DETECTION OF MUTAGENS WITH MOVEL CLONED MUTATOR BACTERIAL GENES

Emmanuef E£. Obaseiki-Ebon, Pepartment of Phawmaceutical MicrobioLogy
Notional Traiitule fon Phaamaceutical Research and Pevelopment,

ldu, Abuja, Nigexia

Bami] gragment of plasmids pEBO1T (ONA kbp 65) and pEBOIE w’:p 58) were
nespectioely cloned (nio plasmid vecton pBR3IZE and Lnansformed into
Escherichia coli AB 1157 wild fype; recASé and wnuC3é strainé; E.coli
WPy tap and E.coli WPy uvaA fap and AmuMpm hia
TAI535, TAIS3T and TAI53§ hebpectively. The cloned plasmid gragments
tunﬁmzd enhanced neslsfance Lo UV-radiation in E.cofi AB 1157 necd
and wild-type strains, slight enhanced UV-zadiation mufability in E. coli
AB1 157 umuC3é and remarkable enhanced chemical metagenesds 4n E.coll
WPy trp, E.coli WPy uvahk ?A’f and the s:,r.-nuu.u phimurium hid TRI535,
TA1537 and TAT537 and TAl necA-Elke gene FHA
gragment from pEBORT could ﬁl&!‘;ﬂl’liu & -IuE.-t.ngt enhanced

umaC3é6 sfroin r.nmpuu.d Lo &k h Level mutability induced by the wlmf.r.
plosmid pEBOFT. Companatively, the cfoned necA-Like genes from PEBOE!
and pEBOT wene supenion Lo pﬂliﬂ | Amies » muiagenccd Ly fesd mulaton
plasmid| in the detection of chemcial mutagenesis in E.coli fester
stnains. In Safmonelfa 2 testfen stnains, the cloned rec-A-
Like gene §rom pEBOE] was dupenion o the cloned rec-A-Like gene jrom
PEBOI7 and the pKMID1. Thest aesuls indicatfed that the plasmida
pEBO17 and pEBOK! have unuspal nec-A-Like genes with the unique
propenties of eficiting emhonced DNA xepain and mutability independent
pf hosd cell xecd gene.

P-190
ERYTHROCYTE nmw CA™ATPASE AS A BIOLOGICAL
MODEL FOR THE CTION OF FREE RADICAL-INDUCED
A ’

Udompun Khansuwan', nnd Prapon Wilairat’. 'Department of

Biochemistry, Faculty of Med:: niversity, Chiang Mai, *Department of

Biochemistry, Faculty of Scienee, Mahido Um*m::mr Blnglmk, Thailand.

Thc effects of several free radichl- p:nducﬁ Xmm nazine methosulfate, tern-
|.1 I hydroperoxide, phenylhydrazine oxidase) on the Ca™-

‘ase activity of the human erythrocyte membrane were studied in both the intact cells
and in calmodulin-deficient mﬂﬂm F:pllﬂnm ATPase activity was determined by
a pyruvate kinase/lactate dehydropenase coupled enzyme method. Arrhenius profile (log
actuvity VETSUS reciprocal of absalute temperature) and Ca™- and cﬂmndnhn-dsgdmﬁ
of the Ca™-ATPase was inv presence of calmodulin, 10 uM Ca
stimulated ATPase activity Ez‘tg& exposure uf intact anl:l membrane
preparations to the oxidants, & activity in the absence of free Ca™ was increased

whereas stimulation by calmodulin was decreased. The r;han%:s were dose dependent and
at maximal oxidation mndﬁmﬁ, ATPase activity without Ca™ was not different from that
in the presence :JfCa and calmodulin, These results indicated that free radicals caused
the loss of both Ca™- and calmodulin-dependent ies of the plasma membrane
Ca’*-ATPase. However, treatment with diamide, a m dryl umdisulg agent, inhibited
Ca™-ATPase acivity and its stinmlation by calmodulin and this effect was reversed upon
wreatment with dithiotreitol. This study indicated that Ca*-ATPase of human erythrocyte

plasma membrane can be used o8 a system for detecting oxidative damage.
The system can be applied to siudies of l:E&l:ts. of antioxidants as well.

PW is & Senior Research Scholar of The Thailand Research Fund.
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Dithi Chungcharoen Lecture:

“Distal renal tubular acidosis, anion exchanger 1

(AE 1) mutation, Southeast Asian Ovalocytosis:
a malaria connection?”

Prof. Dr. Prapon Wilairat
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Distal renal tubular acidosis, anion exchanger 1 (AE1) mutations, Southeast Asian
ovilocytosis: a malaria connection?

Prapon Wilairat

Department of Biechemisiry, Faculty of Science, Mahidol University,
Rama 4 Road, Bangkok 10400

Renal mbular acidosis (RTA) is a generic name for a heterogeneous group of nonuremic
disorders in which there is a hyperchloremic metabolic acidosis with a normal value in
the anion gap in plasma (anion gap is defined as the difference between plasma cations
and anions} and a reduced rate of ner acid secretion (1). The cause can be both renal and
extrarenal. In the latter case, this may result from administration of HCl-generating
compounds (viz. ammonium chloride, lysine, arginine) or from loss of bicarbonate
resulting from diarrhea or bowel ileus.

Depending on the location of the defect, RTA can be classified as being proximal
(pRTA) or distal (dRTA). In pRTA, the defect resides in proximal tubule and results in
excessive bicarbonate loss in the urine but urinary acidification is normal, The defect has
been attributed to reduced bicarbonate reaborption, and in some cases, pRTA has been
found to be associated with familial carbonic anhydrase Il deficiency (2). On the other
hand, dRTA results in abnormal uripary acidification and produces clinical manifestation.
Patients canmot lower urine pH below 5.5, and present chronic acidosis. Adults with
dRTA have metabolic acidosis and hypokalemia; in children, there is stunted growth due
to rickets. Hospital visits are often triggered by paralysis of all extremities.

Distal renal tubolar acidosis is highly prevalent in Northeast Thailand and has been given
the name endemic dRTA (3). In a survey of five villages around Khon Kaen, out of a
population of 3013 who were examined for urine citrate concentration and their ability to
lower urine pH under acid loading condition, 2.8% were unable to acidify their urine and
0.8% had serum potassium level below the lower limit of normal range. A large number
of villagers (33.4%) showed low urine citrate levels and there was a high prevalence of

renal stone,

The etiology of endemic dRTA in Northeast Thailand remains an enigma (4). Suggested
possible environmental insults include low dietary potassium intake and high vanadium
in soil which correlates with elevated urine vanadium in patients when compared with
controls in the same region.

Familial dRTA inherited in an autosomal dominant form has been reported in a number
of Caucasian families (5). It is associated with a defect in the anion exchanger (AE1) of
the distal renal collecting duct intercalated cell type A (ICA). This transporter is a
product of the same gene (AET) as the erythrocyte anion exchanger, band 3, but is NH,-
terminally truncated due to loss of cxons 1-3 of the erythroid band 3 due to initiation of
transcription from a promoter region within intron 3 of AE] gene. [n ICA the transporter
is Jocated at the basolateral membrane (see Figure 1) and exchanges chloride from plasma
with intracellular bicarbonate which remains following the transport of proton into the
tubular lumen by the apical H'-ATFase pump.  Protons are produced by the hydration
of carbon
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Figure 1. Role of anion exchanger | (AE1) in
acid secretion by the renal intercalated cell type A
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dioxide by carbonic anhydrase Il Chloride brought into 1CA by kidney AEI leaves the
cell through chioride-selective channcls.

Studies of genomic DNA from families with dominant form of dRTA have shown, both
by genetic linkage studies and by DNA sequencing, that affected individuals are
heterozygous for mutations in AE/ pene (see Table) whilst unaffected members of the
family have normal band 3 sequence. However functional studies of band 3 in red cells
(sulfate uptake measurements) of affected subjects indicated only slight decrease in
activity (80% of control) in those with mutations in R589, and an increase of about 2.5
times in red cells from subjects with mutation $613F. Expression of both the erythroid
and kidney isoforms of the mutant AE| proteins in Xenopus laevis oocytes have shown
that they retain chloride transport acrivity. [t is suggested that the disease in the dRTA
famiﬂ:smsﬂmﬁumthcmi&dim:&mnfmumtﬂlmthuapimimmhm:ﬂflﬂﬁin
which case bicarbonate efflux into the lumen would neutralize protons pumped by the
apical H'-ATFPase 5o that there is no net transfer of protons.

Table AE] Mutations Assoclated With Familial Distal
Renal Acidosis
Mutatlon Reference
Dominant Form
R589H (5)
R589C {5
R5895 (5)
S613F (5)
Recessive Form
R602ZH (12)
701D (13

Autosomal recessive form of dRTA has besn seen in association with familial
elliptocytosis (6,7) and in a subject with Southeast Asian ovalocytosis (SAD) (8). SAO is
a hereditary anemia that is widespread in parts of Southeast Asia and Melanesia. The
abnormal shaped red cell results from a truncated erythroid band 3 (deletion of nine
amhuar.:idai-nmm11}wtﬁchaﬁmhimh1tﬂmﬁunwiﬂ1ﬂmnmhm_cﬁm{ﬂj.
Sequencing of the SAO AE! gepe revealed the presence of two linked mutations:
deletion of codons 400 to 408 and 1 point mutation in the first position of codon 56
(KS6E), the Memphis [ polymorphism (10). Red cells from SAO individuals (who are
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always heterozygotes as the homozygous state is believed to be lethal) have only half of
the sulfate uptake activity of normals indicating that SAO band 3 lacks activity.

As endemic dRTA is seen in children in Northeast Thailand, we considered whether there
may not be a familial form of dRTA present as well. The mode of inheritance would be
autosomal recessive. M-mmmmhm.mqum
evidence that this gene was affected among the endemic dRTA population of Mortheast
Thailand. However as SAO is prevalent in South Thailand and dRTA has previously
been reported to be associaled with this syndrome (), we postnlated that SAO
individuals with familial dRTA would have mutations in the other AET allele, and that
this mutant allele would be inherited in an auwtosomnal recessive mode.

From about 30 individuals with SAO, three families (KS, 55, YA) were identified with at
least one SAO member who had been diagnosed with early onset of dRTA (see Figures
2-4 for pedigree). From these probands and family members genomic DNA were
obtained for mutation analysis and red cells for sulfate uptake measurements. Exons 4-20
of AE] gene were analyzed for sequence mutations using single-stranded conformational
polymorphizm (SSCP) followed by sequencing of the mutant exon and confirmation of
the identified mutation by restriction enzyme digestion of the amplified DNA fragment.
The presence of SAQ mulation and Memphis I polymorphism were verified by detecting
the 27 base pair deletion in exon 11 and sequencing exon 4 of AEJ gene, respectively.

Probands K53 and YA3 were compound heterozygotes for SAO and G701D (Figure 2
and 4) (11). KS3 inberited the SAO allele from his father and the GT01D allele from the
mother; the mother of YA3 was heterozygous for SAO and the father heterozygons for
G701D. However proband 552 presented a different mutation (R602H) in frans to SAD
(Figure 3) (12). Presumably this R602H mutation was inherited from the father whose
DNA was not available for study. Interestingly proband's sister $54 with the same
compound heterozygosity in AE [ was diagnosed as having incomplete dRTA {no clinical
manifestation but with inability fo acidify urine under acid loading test) indicating that
there may be other factors that can ameliorate the clinical outcome of dRTA. Studies of
red blood cell solfate uptake from probands and family members showed that G701D
mutations had no affect on transport activity whereas that of R602H was reduced by
about one half.

If these mutant AE] proteins have normal transport activity (or if reduced, has not
adversely affected red cell function), the mutations cannot account for disease in the
kidney. However, two Thai siblings with dRTA and hemolytic anemia have earlier been
shown to be homozygous for G701D in AE] gene and having normal red blood cell anion
transport (13). Expression of both the erythroid and kidney isoforms of the mutant AES
gene in Xenopus laevis oocytes showed the mutant proteins are unable to be expressed ai
the oocyte plasma membrane unless the red blood cell membrane protein glycophorin A
(gpA) is also co-expressed. Kidney ICA cells lack gpA and this accounts for the renal
pathology. A similar phenomenon presomably takes place in the kidney of SAO subjects
with co-inheritance of G701D mutation. 11 is not clear whether this also is the case with
RO60ZH AE! protein, Both muations, H602 and D701, are located on the cytoplasmic
side of the transmembrane AEL,
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Figure 2 Pedigree of Family KS
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Figure 3 Pedigree qu Family 8§
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YAl (32 yr) YAZ (29 yr)
Mutation: 4GTOID Mutation; SAQ!-
80" uptake = 7% normal 504" uptake = SAQ
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YAZ (5 yr) dRTA onset 2 yr
Muration; SADIGTOID
: SO uptake = SAD .
i Figure 4 Pedigree of Family YA
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individuals suggests that AE] mutants, other than SAO, is polymorphic in South
szlmhyaﬁmmimmmhduﬁngﬁpﬁmuﬂﬂﬂhﬂ.mﬂm
detected in 16 patients (14), Pﬂmmphmdsminsmmmmm
wmmmmmummsmmhwm Cerebral
mﬂnﬁaisnﬂfmmdh:ﬁpua'ﬁawﬁiﬂnum;ﬂﬂchﬂﬁm{lij.ﬁnmm
pmpnudiﬂhﬂﬂnd:hﬂmiuhuﬂSpﬂmhhhﬂm‘mﬂmwiththtmdmﬂmmhrm
cﬂmknumﬁﬁchﬂmﬂnfumﬂfqmﬂuimeﬁmﬂﬂnmﬂdmhﬂ:mdmd
uﬂaﬁmmmmmmmmmwﬂmﬂm
nﬂpilhdﬁ.hm‘mﬂunndnﬂanmlyb:mﬂngmuhﬂﬂﬁmﬁﬂlmmuwﬁ:hhﬂu
properties similar to SAQ band 3. Inluuh:i:mdmﬁnmhmmznmitym
compound heterozygosity of these AE1 mutants will thus manifest in familial dRTA.
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advantage by being protected against malaria, possibly by reduction of cytoadherence of P,
ﬁkxﬁmﬁdauedmduﬂsmmpﬂla{ymsmis.mﬂlhﬁchymhn likely to have fatal
cerchral malaria.
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