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�� Sickle cell anemia protection Sickle cell anemia protection 



19491949--MALARIA ERADICATION IN USAMALARIA ERADICATION IN USA



MalariaMalaria : : Disease Burden & World MarketDisease Burden & World Market
�� Malaria is a major public health problem in more than 90 countries, inhabited Malaria is a major public health problem in more than 90 countries, inhabited 

by more than 2.4 billion people by more than 2.4 billion people -- 40% of the world’s population40% of the world’s population
�� 3 to 5 million clinical cases of malaria per year3 to 5 million clinical cases of malaria per year
�� Estimated to kill a child every 30 seconds and to cause up to 600 million Estimated to kill a child every 30 seconds and to cause up to 600 million 

new infections worldwide annually new infections worldwide annually 
�� Over a million deaths, and over 95 percent of those deaths are in Africa, Over a million deaths, and over 95 percent of those deaths are in Africa, 

mainly children under 5mainly children under 5

�� Malaria is a neglected diseaseMalaria is a neglected disease
�� Clearly an urgent medical need, but there is no competitive industrial R&DClearly an urgent medical need, but there is no competitive industrial R&D
�� Malaria market won't support the level of revenues needed to recapture Malaria market won't support the level of revenues needed to recapture 

expenses before patent expiry expenses before patent expiry 
�� Malaria market is a couple of hundred million USD, Malaria market is a couple of hundred million USD, 1 or 2 products per 1 or 2 products per 

decadedecade
�� Compare with antiCompare with anti--bacterial market bacterial market -- 16 billion USD 16 billion USD --3 new products a year3 new products a year



Malaria Malaria –– Causative agentsCausative agents
�� PlasmodiumPlasmodium Genus Genus -- protozoanprotozoan

The four malaria species that produce human disease The four malaria species that produce human disease 
1.1. Plasmodium  vivax Plasmodium  vivax 
2.2. Plasmodium falciparumPlasmodium falciparum –– Most lethal and prevalentMost lethal and prevalent
3.3. Plasmodium malariaePlasmodium malariae and and 
4.4. Plasmodium ovalePlasmodium ovale4.4. Plasmodium ovalePlasmodium ovale
5.5. Plasmodium Knowlesi Plasmodium Knowlesi –– PrimatesPrimates
6.6. Plasmodium chaubadi Plasmodium chaubadi –– RodentRodent

Testing  in animal modelsTesting  in animal models-- Mouse to Monkey to ManMouse to Monkey to Man



PlasmodiumPlasmodium-- Life cycle in two hostsLife cycle in two hosts
Sir Ronald RossSir Ronald Ross Discovered That Mosquitoes Transmit Malaria Discovered That Mosquitoes Transmit Malaria 
Parasites (1897Parasites (1897--1898)  1898)  -- awarded Nobel Prize in 1902             awarded Nobel Prize in 1902             
Mosquitoe Mosquitoe –– AnopholesAnopholes genusgenus



Plasmodium:Plasmodium:
Life stages in the HostLife stages in the Host

ExoExo--erythrocytic stageserythrocytic stages
�� Sporozoites: enters hepatocytes of liver Sporozoites: enters hepatocytes of liver 
�� Schizonts: dividing forms of liver stages Schizonts: dividing forms of liver stages 
�� Merozoites: are released by hepatocytes Merozoites: are released by hepatocytes 
�� Hypnozoites: resting liver stagesHypnozoites: resting liver stages�� Hypnozoites: resting liver stagesHypnozoites: resting liver stages
Blood stage parasites are responsible forBlood stage parasites are responsible for
clinical manifestations of the diseaseclinical manifestations of the disease
�� Merozoites: enter erythrocytes Merozoites: enter erythrocytes 
�� Immature Trophozoites: Ring StageImmature Trophozoites: Ring Stage
�� Trophozoites: feeding and growing stages in red cells Trophozoites: feeding and growing stages in red cells 
�� Schizonts: multinuclear stages in red cells Schizonts: multinuclear stages in red cells 
�� Gametocytes: sexual blood stages Gametocytes: sexual blood stages 



ARTIMISNINARTIMISNIN
Mal'ariaMal'aria -- "bad air“ (in Italian)"bad air“ (in Italian)

Ancient HistoryAncient History
�� 2700 BCE 2700 BCE -- Characteristic symptomsCharacteristic symptoms described in described in NeiNei ChingChing (The Canon (The Canon 

of Medicine) edited by Chinese emperor Huang Ti of Medicine) edited by Chinese emperor Huang Ti 

�� 44thth century BCEcentury BCE-- In Greece, Hippocrates noted the symptomsIn Greece, Hippocrates noted the symptoms

�� 66thth Century BCE Century BCE --SushrutaSushruta, a Sanskrit medical treatise , a Sanskrit medical treatise --symptoms of symptoms of 
malarial fever were described and attributed to the bites of certain insectsmalarial fever were described and attributed to the bites of certain insectsmalarial fever were described and attributed to the bites of certain insectsmalarial fever were described and attributed to the bites of certain insects

�� 22ndnd century BCEcentury BCE-- In China, the In China, the QinghaoQinghao plant (Artemisia plant (Artemisia annuaannua L) was L) was 
described in the medical treatise, 52 Remedies, found in the described in the medical treatise, 52 Remedies, found in the MawangduiMawangdui
TombTomb

�� 340 CE 340 CE -- the antithe anti--fever properties of fever properties of QinghaoQinghao were first described by were first described by GeGe
Hong of the East Yin Dynasty. The active ingredient of Hong of the East Yin Dynasty. The active ingredient of QinghaoQinghao was was 
isolated by Chinese scientists in 1971isolated by Chinese scientists in 1971

�� Named Named ArtemisininArtemisinin, it is today a very potent and effective , it is today a very potent and effective antimalarialantimalarial
drug, especially in combination with other medicines.drug, especially in combination with other medicines.



QUININEQUININE

�� Spanish Jesuit missionaries in South America learned of Spanish Jesuit missionaries in South America learned of 
a medicinal bark from indigenous Indian tribes a medicinal bark from indigenous Indian tribes 

�� Countess of Chinchón, the wife of the Viceroy of Peru, Countess of Chinchón, the wife of the Viceroy of Peru, 
was cured of her fever. The bark from the tree was then was cured of her fever. The bark from the tree was then 
called Peruvian bark and the tree was named Cinchona called Peruvian bark and the tree was named Cinchona 
after the countessafter the countessafter the countessafter the countess

�� Along with Artemisinin, QuinineAlong with Artemisinin, Quinine is one of the most is one of the most 
effective antimalarial drugs available today effective antimalarial drugs available today 

�� ChloroquineChloroquine (Resochin) (1934, 1946)(Resochin) (1934, 1946) German, Hans German, Hans 
Andersag, in 1934 at Bayer I.GAndersag, in 1934 at Bayer I.G



ArtemisininArtemisinin--based combination based combination 
therapy (ACT) therapy (ACT) 

AdvantagesAdvantages ::
�� rapid significant reduction of parasite biomassrapid significant reduction of parasite biomass
�� rapid resolution of clinical symptomsrapid resolution of clinical symptoms
�� effective against multidrug resistant effective against multidrug resistant P.falciparumP.falciparum
�� reduction of gametocyte carriagereduction of gametocyte carriage-- reducing transmission reducing transmission 
�� no reported cases of resistant to artemisininno reported cases of resistant to artemisinin (2004)(2004)�� no reported cases of resistant to artemisininno reported cases of resistant to artemisinin (2004)(2004)
Disadvantages:Disadvantages:
�� Artemisinin drugs have a very short halfArtemisinin drugs have a very short half--life life -- multiple dose multiple dose 

regimen of 7days is requiredregimen of 7days is required
�� Price and Availability (Supply)Price and Availability (Supply)
Current therapy Current therapy –– Anticipating ResistanceAnticipating Resistance
�� Artemisinin derivatives in combination with other Artemisinin derivatives in combination with other 

antimalarial drugsantimalarial drugs



Malaria: Drugs and ResistanceMalaria: Drugs and Resistance
�� QuinineQuinine

introduced in 1632 introduced in 1632 
1st case of resistance: 19101st case of resistance: 1910

�� ChloroquineChloroquine
introduced in 1945 introduced in 1945 
1st case of resistance: 19571st case of resistance: 1957

�� ProguanilProguanil
introduced in 1948 introduced in 1948 
1st case of resistance: 19491st case of resistance: 1949

�� SulfadoxineSulfadoxine -- PyrimethaminePyrimethamine�� SulfadoxineSulfadoxine -- PyrimethaminePyrimethamine
introduced in 1967 introduced in 1967 
1st case of resistance: 19671st case of resistance: 1967

�� MefloquineMefloquine
introduced in 1977 introduced in 1977 
1st case of resistance: 19821st case of resistance: 1982

�� AtovaquoneAtovaquone
introduced in 1996 introduced in 1996 
1st case of resistance: 19961st case of resistance: 1996

�� ARTIMISININARTIMISININ & & DerivativesDerivatives
No resistance reportedNo resistance reported



MOA / TARGETS OF ARTIMISININMOA / TARGETS OF ARTIMISININ
�� ArtimisninArtimisnin and its derivatives: and its derivatives: 

The The peroxide bridge peroxide bridge plays an essential roleplays an essential role
Opens up  in the Opens up  in the plasmodiumplasmodium
liberating singlet oxygen and liberating singlet oxygen and 
forms a free radical,forms a free radical,
both being strong both being strong cytotoxinscytotoxins

�� InhibitonInhibiton of protein synthesis of protein synthesis 
-- the basic mechanism of action the basic mechanism of action 
Inferred from morphologic changes in Inferred from morphologic changes in 
ribosomesribosomes & in the & in the endoplasmaticendoplasmatic reticulum. reticulum. 

�� Also changes in the Also changes in the nucleolarnucleolar membrane and mitochondriamembrane and mitochondria
�� Inhibits vacuolar proteases involved in Hemoglobin degradationInhibits vacuolar proteases involved in Hemoglobin degradation



MOA / Targets of Chloroquine MOA / Targets of Chloroquine --
Achille’s HeelAchille’s Heel

�� Uptake of host derived haemoglobin in essential Uptake of host derived haemoglobin in essential 
for survivalfor survival

�� HemoglobinHemoglobin –– 2 2 a a andand 2 b 2 b chains with hemechains with heme



MOA/Targets of MOA/Targets of 
Chloroquine Chloroquine -- HemozoinHemozoin

�� Hemoglobin Hemoglobin peptides + Ferrous peptides + Ferrous HemeHeme Ferric Ferric HemeHeme

�� Ferric Ferric HemeHeme :Toxic :Toxic -- membrane damage & Inhibits Proteasesmembrane damage & Inhibits Proteases

�� Detoxification: Ferric Detoxification: Ferric hemeheme polymerized into polymerized into HemozoinHemozoin

Proteases OXD

�� Detoxification: Ferric Detoxification: Ferric hemeheme polymerized into polymerized into HemozoinHemozoin

�� HemozoinHemozoin : Insoluble, : Insoluble, UnreactiveUnreactive Crystalline Polymer Crystalline Polymer 
“Pigment”“Pigment”

�� HemeHeme polymerization : Enzymatic (polymerization : Enzymatic (HemeHeme polymerase)polymerase)

�� NonNon--enzymatic and spontaneousenzymatic and spontaneous

�� ChloroquineChloroquine, quinine, , quinine, amodiaquineamodiaquine –– all inhibit all inhibit hemeheme
polymerization polymerization 



Sickle Cell Sickle Cell -- Resistant to PlasmodiumResistant to Plasmodium

�� Replacement of Replacement of gluglu by by valval in the two beta subunits in the two beta subunits 



Achilles’ heel Achilles’ heel -- Hemoglobinases as Hemoglobinases as 
Targets Targets 



Proteases of  Plasmodium Proteases of  Plasmodium -- Plasmepsins & Plasmepsins & 
FalcipainFalcipain

�� Two Aspartic Proteases Two Aspartic Proteases –– Plasmepsin I & IIPlasmepsin I & II
�� One Cysteine Protease One Cysteine Protease –– FalcipainFalcipain

Aspartic ProteasesAspartic Proteases ––Dimeric enzyme, two aspartates Dimeric enzyme, two aspartates 
participate in the catalytic diad. Mechanism is acid base participate in the catalytic diad. Mechanism is acid base participate in the catalytic diad. Mechanism is acid base participate in the catalytic diad. Mechanism is acid base 
catalysis. Needs water molecule at the active sitecatalysis. Needs water molecule at the active site

Cysteine ProteasesCysteine Proteases –– Needs Cysteine SH as S Needs Cysteine SH as S -- and the and the 
Imidazole of a Histidine NH protonatedImidazole of a Histidine NH protonated-- but does not require but does not require 
water at the active site. water at the active site. 



Order of Specificity of Hemoglobin Order of Specificity of Hemoglobin 
DegradationDegradation

�� Plasmepsin IPlasmepsin I –– Initiates Initiates 
cleavage of Hemoglobincleavage of Hemoglobin

�� Plasmepsin IIPlasmepsin II –– Prefers Prefers 
denatured Hemoglobindenatured Hemoglobindenatured Hemoglobindenatured Hemoglobin

�� FalcipainFalcipain –– Does not cleave Does not cleave 
native Hemoglobin but native Hemoglobin but 
recognizes denatured recognizes denatured 
HemoglobinHemoglobin



�� Plasmepsin I & II: 51.5 Kd & 45 KdPlasmepsin I & II: 51.5 Kd & 45 Kd
�� 73 % Identity beween Plasmepsins I and II73 % Identity beween Plasmepsins I and II
�� Different in the NDifferent in the N-- terminus region terminus region 

Selectivity:Selectivity:

Plasmepsins I & II

Selectivity:Selectivity:
30% identity and > 50% similarity overall to 30% identity and > 50% similarity overall to 

human cathepsin D, cathepsin E and renin human cathepsin D, cathepsin E and renin 



Plasmepsin I Plasmepsin I –– AlignmentAlignment



Plasmepsin I Plasmepsin I ––Assay for HTSAssay for HTS



Pepstatin Pepstatin –– Naturally occuring Protease Naturally occuring Protease 
InhibitorInhibitor

�� PepstatinPepstatin : : Isolated from Isolated from StreptomycesStreptomyces testaceustestaceus
and different and different actinomycetesactinomycetes

�� Strong inhibitor of acidic proteases (Aspartic Strong inhibitor of acidic proteases (Aspartic 
Proteases): Pepsin, Proteases): Pepsin, CathepsinCathepsin D and D and ReninReninProteases): Pepsin, Proteases): Pepsin, CathepsinCathepsin D and D and ReninRenin

�� IsovalerylIsovaleryl--LL--valval--LL--valval--statinylstatinyl--LL--alaala--statinestatine



PeptidomimeticsPeptidomimetics
�� Definition of PeptidomimeticDefinition of Peptidomimetic

-- A peptidomimetic is a A peptidomimetic is a compoundcompound containing containing 
nonnon--peptidic structural elements that is capable peptidic structural elements that is capable 
of mimicking or antagonizing the biological of mimicking or antagonizing the biological 
action(s) of a natural action(s) of a natural parentparent peptidepeptide

-- A peptidomimetic does no longer have A peptidomimetic does no longer have 
classical peptide characteristics such as classical peptide characteristics such as 
enzymatically scissille peptidic bondsenzymatically scissille peptidic bonds









Vaccine ProspectsVaccine Prospects : : Poor due to Poor due to 
antigenic variationantigenic variation

�� The following steps have led to to production of a CSP vaccine:The following steps have led to to production of a CSP vaccine:
�� Production of CSP antibodies.Production of CSP antibodies. Antibodies were prepared from the serum of animals immunised Antibodies were prepared from the serum of animals immunised 

against against P. falciparumP. falciparum sporozoites sporozoites 
�� Total anopheline mRNATotal anopheline mRNA was prepared from infected mosquitoes. This mRNA preparation should was prepared from infected mosquitoes. This mRNA preparation should 

contain small amounts of sporozoite mRNA as well. contain small amounts of sporozoite mRNA as well. 
�� Selection of mRNA.Selection of mRNA. Total mRNA was used for the in vitro translation into protein. Polysomes that Total mRNA was used for the in vitro translation into protein. Polysomes that 

were syntesising sporozoite CSP then were precipitated bij the antiwere syntesising sporozoite CSP then were precipitated bij the anti--CSP antobodies. CSP antobodies. 
�� Transcription into cDNA.Transcription into cDNA. The enriched sporozoite CSP mRNA was then transcribed into cDNA The enriched sporozoite CSP mRNA was then transcribed into cDNA 

and inserted into a plasmid and cloned in and inserted into a plasmid and cloned in E. coli.E. coli.
�� Sequencing of the cDNA.Sequencing of the cDNA. The cloned cDNA was then produced in large quantities and The cloned cDNA was then produced in large quantities and �� Sequencing of the cDNA.Sequencing of the cDNA. The cloned cDNA was then produced in large quantities and The cloned cDNA was then produced in large quantities and 

sequenced. sequenced. 
�� Production of CSP peptide(s). Production of CSP peptide(s). CSP peptides were produced by two different techniques: CSP peptides were produced by two different techniques: 

�� The cDNA was used for overexpression of the corresponding protein in The cDNA was used for overexpression of the corresponding protein in E. coli E. coli and the protein then purified and the protein then purified 
from the bacterium. from the bacterium. 

�� The sequence information was used for the chemical synthesis of peptides containing repetitive sequences. The sequence information was used for the chemical synthesis of peptides containing repetitive sequences. 
�� VaccinationVaccination . Both the recombinant and the synthetic. Both the recombinant and the synthetic--peptide preparation were then used in peptide preparation were then used in 

parallel vaccination trials in humans. parallel vaccination trials in humans. 
�� The result was disappointing.The result was disappointing. Only one out of five volunteers turned out to be protected against Only one out of five volunteers turned out to be protected against 

a challenge with 5000 a challenge with 5000 P. falciparum P. falciparum sporozoites. This was the case for both the synthetic as well sporozoites. This was the case for both the synthetic as well 
as the recombinant vaccine. as the recombinant vaccine. 


