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Figure 1: Brief life cycle of P.falciparum (Miller et al, 1986) AlbertBonnie rSForIag



Symptoms of malaria
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Malaria diagnosis

A Symptoms
A Blood sample + dye + mlcroscoﬁeqLD STD
A Blood sample + fluorescence

A Polymerase chain reaction

A Loopmediated isothermal amplificatio

A Magnetooptic ¢ Royal Tropical Institute Netherlands
and Exeter University (HZ)

A Laser desorption mass spectroscopy (HZ)

A Flowcytometry(HZ¢ in monocyted monocytesize
A ELISA

A Rapid diagnostic tests
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Malaria Rapid Diagnhostiests(RDT)

Plasticcasette
Cardboardccasette

Dipstick




Rapid diagnostic test strip
Immunochromatography
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Malaria Rapid Diagnostic Test Target Proteins

HRPII HRPII
Malaria
Infected HRPII
Red blood
cell HRPII
aldolase HRPII

lactate
dehydrogenase



History of Pf. LactatBehydrogenase

A 1964- Marker enzyme for infectious diseas@gand
ZysnoMed Welt (1964) 11, 9101

A 1973 = |SOen2ym Gtarg et Carter andvollerTrans R SofropMed Hyg(1973) 67,

14-5; Carter and McGregor Trans R $mpMed Hyg(1973) 69, 26F

A 1986' CIOnedScaifeet al Parasitology(1986) 92, S11937.
A 1993' |\/|ak|erdlagnOStIC ageMaklerandHinrichsAm JTropMed Hyg

(1993) 48, 208.0

A 1999- Crystal structure Pf LDH, 20P4LDH and

other SPECIESRead et al BiolChem(1999) 274, 10218 8. Brown et al Biochemistry
(2004) 25, 62129.



A 1983- Antibodies show HRPII is associated with
knobSKiIejianJ.Parasitol(1983) 69, 2561

A 1986- HRPII secrete@waa e al J Ceffliol (1986) 103, 126977
A 1988- Vaccine target in monkeyspp et asenringnst vt (1988) &2,

349-59

A 1991- HRPII in plasma of patients with malasia:a ;

ClinMicrobiol (1992) 29, 1629 34

A 1993 = ParaSI’[d: teStSchiff et al Trans R Soc Trop Med Hug (1993) 878 646
A 2007' H RPI I perSiStS after infeCti@craget al Trans R Soc Trop Med

Hyg(2007)epubNov 19, Igbalet al JClinMicrobiol (2004) 42, 423741



History of Pfaldolase

A 1959- Marker enzyme in cerebral malaria

Fuhrmannand Peltzey ZTropenmedParasito1959) 10, 378.

A 1988- Vaccine candidate et ai oss) science 240, 1086
A 1989- ELISA for diagnosis of malagi@aea wans

R SodropMed Hyg(1989) 83, 31721

A 1998-C ryStal STrUCTUI@im et al Biochemistry (1998) 37, 43886



RDT test comments

A HRPII

+++ Most popular RDT and detects < 208 P/ QN
- - - HRPII persists, antigenic variation, Peru, >/—
prozone P.falciparumspecific.

A Lactatedehydrogenase

+++ detectd’.vivaxand P.falciparum does

not persist, NO antigenic variation. N

- - - detects > 200 P#l (not as good as HRPII) >/_
A Aldolase

++++ NO antigenic variation, not species specific

- - - detects 500 P#l



RDT test concerns

A Tests are temperature labile

Aw5 ¢ Qa NRdAzUAY STt é>IBEGSC
ideally we want to detect 100 parasites/

A Cross reactivity with human rheumatoid factor
A Quality controk WHO testing of RDTS
A Need to differentiate between species






Fishing foproteins with antipeptide
antibodies

Anti-Pfeye-1 Anti-Pfcyc-2 Anti-Pfcyc-4

Cycl Cyc2 Cyc4 'Cycl Cyc2 Cyc4' 'Cycl Cyc2 Cycd

Merck et al (2003) J. Bi@hem 278.
Dorinet al (2005Molec. Micro. 55.
Reiningeret al (2005) Biol. Chem. 28
Nuneset al (2007Molec. Micro. 63.
Reiningeeet al (2009) J. Biol. Chem. 2
Hurdayalet al (2010) Peptides 31.
Halbertet al (2010Euk Cell 9.

m PIPKS DorinSemblatet al (2011) Microbiolog

O Pfeye-1 (35 kDa)

Pfcye-1 (26 kDa)

m PfPK5
O Pfeye-2 (30 kDa)

B PfPK5
O Pfcyc-4 (39 kDa)

Pfcyc-4 (31 kDa)
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PILDH
PVLDH
PyLDH
HumanLDH-h
GallusLDH.

PfLDH
PvLDE
PyLDH
HumanLDH-h
GallusLDH.

PEfLDE
PvLDH
PyLDE
HumanLDH-h
GallusLDH.

PfLDH
PvLDH
PyLDHE
HumanLDH-h
GallusLDH.

PfLDH
PvLDH
PyLDH
HumanLDH-h
GallusLDH.

PfLDH
PVLDE
PYLDE
HumanLDH-h
GallusLDH.

R Hurdayal et al./Peptides 31 (2010) 525-532

MAPKAKIVLVGSGMIGGVMATLIVQKNLG-DVVLFDIVKNMPH
MTPRPKIVLVGSGMIGGVMATLIVQKNLG-DVVMFDVVENMPQ
MAPKAKIVLVGSGMIGGVMATLIVQKNLG-DVVLFDIVKNMPH
MATLRKERLIAPVAEEEATVPNNRITVVGVGQVGMACAISILGKSLADELALVDVLEDKLK
MATLKEKLITPVAAG-STVPSNKITVVGVGQVGMACAISILGKGLCDELALVDVLEDKLK

L s ® * kg R %

$3.3.%33133 H

GKALDTSHTNVMAYSNCKVSGSNTYDDLAGADVVIVTAGFTKAPGKSDKEWNRDDLLFPLN
GKALDTSHSNVMAYSNCRVTGSNSYDDLEGADVVIVTAGFTKAPGKSDRKEWNRDDLLPLN
GKALDTSHTNVMAYSNCRVSGSNTYDDLEKDADVVIVTAGFTKAPGKSDKEWNRDDLLEPLN
GEMMDLQHG-SLFLQTPKIVADKDYSVTANSKIVVVTAGVRQQEGES RLNLVQRN
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kg gk ok ] *3 a8 % g gkghkrk, o LN Rk gy k

NKIMIEIGGHIKKNCPNAFIIVVINPVDVMVQLLHQHSGVPKNKIIGLGGVLDTSRLKYY
NRIMIEIGGEIRNLCPNAFIIVVTNPVDVMVQLLFEESGVPRNKIIGLGGVLDTSRLKYY
NRKIMIEIGGHIRNNCPNAFIIVVTNPVDVMVQLLHQHESGVPRNKIVGLGGVLDTSRLEKYY
VNVFKFIIPQIVKYSPDCIIIVVSNPVDILTYVITWKLSGLPKHRVIGSGCNLDSARFRYL
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g3y % gk 3 kg, kghkkgkikhhgg, 3 g kigkikggggk k kkggkggk

ISQKLNVCPRDVNAHIVGAHGNKMVLLRRY ITVGGIPLQEF JNNK~~-LISDAELEAIFDR
ISQKLNVCPRDVNALIVGAHGNKMVLLKRY ITVGGIPLQEF INNK~~KITDEEVEGIFDR
ISQKLNVCPRDVNAH IVGAHGNKMVLLKRY ITVGGIPLQEF INNK~--KITDQELDAIFDR
MAEKLGIHPSSCHGWILGEHGDSSVAVWSGVNVAGVSLQEL?PEMGTDNDSENWKEVHKM

MAERLGIHPTSCHGWILGEHGDSSVAVWSGVNVAGVSLQELYPAMGTDKDSENWKEVHKQ
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TVNTALEIVNLHASPYVAPAAAT TEMAESYLKDLKKVLICSTLLEGQYGHS~-DIFGGTPV
TVNTALEIVNLLASPYVAPAAAT TEMAESYLKDIKKVLVCSTLLEGQYGHS~NIFGGTPL
TVNTALEIVNLEASPYVAPAAATI IEMAESYIRDLRRKVLICSTLLEGQYGHK-DIFAGTPL
VVESAYEVIKLKGYTNWAIGLSVADLIESMLKNLSRIHPVSTMVKGMYGIENEVFLSLPC
VVESAYEVIRLKGYTNWAIGLSVAELCETMLKNLYRVHSVSTLVKGTYGIENDVFLSLPC
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LDH amino acid sequence alignment to select peptide targets for diagnosis

527

Fig. 1. ClustalW alignment of Plasmodial, human and chicken lactate dehydrogenase amino acid sequences. The common plasmodial epitope is indicated in bold and the
unique epitopes differentiating P/LDH and PvLDH appear under the solid line. Accession numbers are PfLDH: PlasmoDB ID: PF13-0141, PvLDH: PlasmoDB PVX-116630,
PyLDH: PlasmoDB PY03885, human LDH: GeneBank ID CAA32033 and chicken LIDH: GeneBank ID AAC27617.




1 Pfand Pv specific peptide

Common peptide



Recombinant expression &yLDH

E. coli PyLDH Unbound Ni bound E. coli PyLDH Unbound Nibound
lysate eluate  eluate lysate eluate eluate

(A\( A\ FAW(AHA\

12.5% SDS PAGE Western blot IgY vs common epitope

Imidazole [mM

o u
o

10
Bution volume (ml)

Hurdayalet al (2010) Peptides 31

Imidazole [mM]

Ni-chelate affinity column elution profile



Specificity of antipeptide antibodies

Antibody Antibody Antibody
VS VS VS
commonepitope Pfepitope Pvepitope

Hurdayalet al (2010) Peptides 31









Final comments RDT
diagnostics

A Improve RDT with new diagnostic candidates
i [Protein]/ [Motifs] >>>> Pf LDH, Pf HRP II, Pf aldolase
I Differentiates between species (peptide approach)

Reduce false positives
ncrease temperature stability
mprove detection signal

o To I

A RDTs estimated to avert 100 000 deaths and 400
million non-malaria treatments

A 3 new diagnostic targets being evaluated
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