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acidosis, hypoglycemia. renal failure, pulmonary edema. or severe anemia. Nearly all 

malaria deaths result from p, jaiciparum infe~tions. P. viva.\: ~an cause recurring and 

debilitating infection~ but rardy kills. It docs, however, cause low birthweighl, a major 

determinant of infant mortality. 

1.3.1.1 Geographical Distribution 

Malaria is endemic in 91 countries. affecting 40% of the world's population (Figure I), j 

Malaria Endemic Countries, 2003 

It i~ generally prevalent 10 areas where environmental conditiOl1s allow parasite 

multiplication in the vector. Thus. malaria is usually restrkted to tropical and subtropical 

areaS (Figure I), :v!ore than 90% of the world's malaria occurs in sub-sahara Africa, 

However, thi s distribution might be affected by climatic changes. espedally global 

warming. and population movements.' 

1.3.1.2'"ifc cycle 

Knowledge of the life cycle of the malaria parasite is foundational 10 understanding the 

metho,h of prevention, treatment, and research endeavor~ . Interrupting the life cycle will 

prevent malaria, but this has proven more difficult than it would appear, 

The life cycle of all species of human malaria parasile~ is eS!;enlially the same. It eJ\hibits 

a complex life cycle that comprises an eJ\ogenous '5eJ\ual phase (s[Xlrogony) with 

4 
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multiplication in certain Anopheles IIlOsquites se:l:uaJ phase and an endogenous ase:l:ual 

phase (schizogony) with multiplication in the vertebrate host (huTlli1n) (Figure 2). The 

major phases of the life cycle are: liver stage. blood stage. sexual stage and sporogony. 

Malaria infection in the human host starts when the sporowites are injected in the blood 

stream during a blood meal by an infectious female anopheles mosquito. The sporozoites 

enter the liver cells and multiply to form about 30.000 meroroites each. After 5 days, the 

rocrozoitcs are released into the blood stream. They enter red blood cells and develop 

through the so called ring, trophoroite, and schiront stages (Figure 2). 

F;,un 2. Life cycl. cI tbo m.laria J'lIf""ito' 

The erythrocyte provides the parasite with a safe haven from the host's immune system. 

but presents certain logistical problems with regard to a<::cess to nutrients and disposal of 

5 
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cysteine proteases compared to the host olthologous pmt~ins has opened up opp{lI1uniti ~, 

for chcmoth~Tapy. Thi< make, proteases a valuable target for new pharma~~uticah 

2.1.4 Binding lff a protease to an actin site 

Before hydrolysis of peptide boms takes place. a prot~a.e must bind the protein or 

peptide substrate in its active sik. The binding elli~l~ncy 1< a function of both the 

respective ~henllCal environments that th" protea~ sub-sites create, and thc chemical 

nature or th~ pcpti<le that int~racts <liT""tly with the active site groovc. Important factor.< 

affecting interactions include: size, polarity, charge, hydrophobicity an<l ac~e",ibility. 

Although a single peptide bon<l i, cleaved during calalysi" a number of amino acids on 

either .i<le of th~ cleavage site serv~s to fix the fiS8i1" bond in the correct position for 

cleavage to occur (hgure 6). 

Schechter & Berger nomenclature 

P3'" Q .... , ~~'d .. d~ chQ"'. 
51 . .53', b;"d'ns <ub.;t~. ~~ qn%y .. ~ 

Fi¥ur. 6. TIle Schechter aml ller~r nomenclature." 

For identifying substrate resid ucs and sub-sites, the ~onvention 01" Sche~ht£r ,mol Bergd' 

is ollen lI,e<l. Thc sub-sites on the plDWl,Se are call ~d S (l"O"r sllb-sites) and thc subscrate 

amino acid resIdues are call"d I' (fOT peptl<le). The amino acid residucs of the :'-i-t"nl1inal 

8id" of the 8Cis8il" bond are nWl1bered P3. P}, PI and those r"sidu~s of the (:-terminal 

8i<le are numbere<l Pl', P2', P3', etc. The PI and the PI' residues aTe tho<e two T~,i<lue, 
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closest to the scissile hDncL The "LIh-sites on the protcase that complement the suhstrate 

binding residllCl are numbered S3, S1, Sl. S I ', S2', S3', etc. 

2.2.0 ~'u rther etas,jfjeation of proka.ses 

Pmteases have been further dividcd into groups On the basi, of the catalytic mechanism 

used during th. hydrolytic process,'(' The mam catalytic type, are serine, threonine, 

aspamte, mctallo and cy,teme prot~ase,_ Other 'undefined' or cryptic protease, may also 

exist. This dissertation i. fueused on Ihe cysteine protease class rrferred 10 as lliiol vr 

suifhydryl prMeina.es, Cysteine pro!~a,es ar" proteins containing two principal catalytic 

amino acid r~,idue.;_ Cy' and His, which are involved in the clcavage of peptide bonds 

conn~cting the amino acid residues of a protein or peptide substralc, These protease, 

utilize the cysteine thiol for catalytic activity. 

2.2.1 Classification of cy~teine prot~aws 

Cysteine prOleas~s of para,itX: orgam"ms are cla"ified into two main categories known 

a, dam, CA and COli ,29 Clan CA and CD are further divided into families accordmg to 

the nature and linear organizalion of the catalytic residues along lhe primary sequcnce. 

lmponant parasitic proteascs belong to the papain superfamily or clan CA. This 

superfanuly l'olTe'ponds to the best-known cystcine peptidases and has th~ catalytic 

re,idues Cy,-25 and His-159 conserved in all of its members_ Sequence analysis ha, 

revealtld that other higher phnt cystcine proteinases and cathepsins 1\ H, Land S from 

matrunalian lysosomes arC membcrs of the papain CIA family, In addition, blcomycin 

(family CIB), calpain (family e2l, streptopain (tamily CIO) and viral proteascs aho 

belong to this supelfamily_ Papain from from Carica papaya is the most studi~d cy,!eine 

proteinasc that rep",sents the typical member or this supcrfamily. 

1.2.2 Aetiv~ site of Papain 

Two residue" are involved 1ll thc catalytil' p",,-'ess (Cys 25 and His 159). Popain is an 

~ndopeptidase and thc prdeued PI residue i, Arg Or Lys. The thiol·group is enhanced a, 

a nucleophile owing to the dose proximity or an activ~ site histidine which acts as a 

prO\on donor/general ba"~. The ltnidnole group ofth~ hi"tidin~ polarizes the ,ulthydryl 

group of the cystemc sidc chain and enabl.,; deprol<mation evcn at neutral 10 weakly 

18 
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acidic pl!, }(j,)1 producing a lhioiate-imidazoliulll ion pair which is highly nucleophilic 

(i'igure 7), 

Fi~"r< 7. ').chemotic r< pre,entati"" of the olo,e spatLOi prox; miLl' of C)~·2' "nJ Hi,· 15~ m the """v< ,i " 

""iJu, of papain 

2.2.3 :\[echanism of hydrolysis 

Cysteine proteases have mechanistic ,imilarities with ,crine protca,e, b ut lhe thiolale 

ions generated during catalysis arC bcl(cr nllClcophiks than corre 'ponding specie., in 

serine proteascs, Thc ,tcps myol\icd arC as follows: (Figure 8); 

Step A. Prior to hydrolysis the enZ)me [onns hydrogen bonds to the camonyl oxygen of a 

.ub.trate. The hydrogel1 bond donor' are:-';(1 group. of tile backbone or side chain (Cys, 

GIn) amides. This hydrogen bonding makes toc carbonyl caroon morc electropositive and 

lhus mOrC ,usceptible to nucleophilic attack. Thcn, tile thiolate anion aitacks the carbonyl 

carbon of thc peptidc bond to be cleaved and produces a tetrahedral intennediate. The 

oxyanion orihc tetrahcdral intenncdiate 13 .tabilized by interaction Witil several hydrogen 

bond donor;, in what i., commonly referred to a. the oxyanion holc. l1 

Step Hand C bterification or thc thiol makes the lmidazolium JOn sut1iciently acidic ( 

pKa = 4, general acid catalysis) to protonate the nitrogen of tile leaving group and 

" prodllCCS an acyl enzyme," 

Step D. Deacylation may OCCur l'ia a get}eral ba.,e-catalyzed mcchani,m, whcre the 

ltllidazole nitrogen polarizes a water molecule which tocn aiiacks thc acyl enzyme at the 

caroonyl camon, 

Step K Cleavage of the sub,craie (as free acid) and regeneration of the enzyme via a 

second lelrahedral In\cnnediate takes place. 

19 
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un~erobic glycolysis, Dur;ng acroblc glycoly';" eve,)' glycdaldchy,k-3-phmphate 

moliOClLlc ;s conycrtcd to pyr\Lv~IC and onC molec.nle of :-lAD ;s reduccd lo r<AP['1. 

NADFJ " re(lXldised lO NAD by glycdol-3-phosphute dehyd[()g~11as~ lhmugh th~ 

conversion of PilAf' to GW. Due to the inhibition of OW oxidase (Figure 3g), th. GOP 

concentration riscs in tIl<' glyco>om~ bcc~\lSe :hc glycosomal m~mbrJne constitlllc, a tflLe 

baITI~'r [()r Ihe phosphorylated illlcrmediatc, of the glycolytic puthway. Thc rcvcrsed 

rcaclion of glyccrol kinase becomes important now, TIli, c~uscs the fonnation of a 

moleculc of ATP [rom ADP. IC exec" of glyccrol is pr~selll, glyc~rol kinuse j, mh;biloo 

no long~r possibk and the parasik dies hecause its end,;,' supply i, hlocked 

Mitocbondri. Gly,o,;i)Il" 

D1L"P DH~P 

G3P 

Fi~ur. 3R. III hini:i"" of 'I'M) by SK.",\j 

5.5.1 Propo~ed model for the aoti\c ,ite of lAO 

ADP 

ATP 

r"llLbinon 
hy 

SH.~M 

Du~ 10 lis slrong associalion wilh thc mitochondriul inner membran~, pmificalion of lhe 

altclllalive oxid~se has b~cn dittlcult Jnd pur~ preparalion> oC lhis prolcin hav~ nOl yet 

been produced. Instead th~ hiochcmical work hus been p~rfonned on partially purified 

enzymc Or mitochondrial membrane [j-~clions. Thc actiw sit~ of I AO is hdi~ved 10 

cont~ill a binud~ar iron c~nt~r coorditlJl~d by hdic~s that include ~ Glu-X-X-His motif 

as well as two h~lices wilh conscrvcd Glu or .Asp residue, (Figurc 39), I)~ SHiL'\l could 

be a,"umcd 10 ~ct as a metalloe11Zym~ (I"AO) inhibllor by chelating: to the propmd 
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5.7.2 Cell growth of T. b. brucei in the presence of increasing amonnts of 97, 110 and 

11\ 

The growth of bloodstream cells of T b. bmcei in the pre,ence of increa,ing amounts of 

97, 110 and 111 was investigated and d~t~ are presented a, bar graphs A, Band e 

Graph A. 

Growth 01 SM427 c on. i" to. Pre.enoe 01 ~7 

. . - .. ,-_.-.,._. . 

[] a r.. 
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99 
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Graph B. 
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In each experiment, a conrrol flask was incubated in the presence of DMSo. Growth was 

monitored in each at regular intervals by directly counting the number of cells per m!. 
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illS cl~ar from tile graph~ Ihal 97 was (he most ;lctiY~ compound whil~ 110 w~s the I"ast 

activ~. 1he t1uduation In th~ m1mh"r of cells per ml as tile C()nc~nttalion w~s incr"as.ed 

may sugge~t Ihat lh" par']'sit" has ;l way of interaclllg with th~se compounds mOr" 

effectivd y Ihan Olhe" or it ,-'an m"tabolize tllese compounds to a le,s potent fotm, 

In 'Ulnm;lTY, non" of the compounds shldiec wa, more ~ffectiv" than SlIAJ\l, St\ldies 

condilcted on lhe caibohydmle-linhd prmyI~led amid"s showed that these compolmds 

act by inl~rfering with ubiquinonciLLbiqulnol d<:elron transport more specific~jJy by 

binding to th~ Ubl'lulnol r~"ptor 011 the oxidas" compo11ent of rhe lAO. This Wa, 

'LLpport"d hy the fact that the carbohydmte-linked prenylated ;lmid~, mhibited both QI­

mediM~d respiration a, wdl as aCiP-support~d r~'plTalion. For these ,-'ompounds, the 

pamsile cdl membmn~ l~ not a barria, how~va, hIgh concenlTaliom ar" rquir~d fot an 
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