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Heat shock proteins (Hsps) are ubiquitous andDnaK (bacterial Hsp70) were reported not bind tonan
conserved molecules whose main function is to ifat#! Hsp70 (Otvoset al., 2000). Hsp70s also possess
protein folding (molecular chaperone function). om sequence divergence in motifs that physically axter
Hsps such as Hsp70 are also involved in proteitirfg| with their nucleotide exchange factors and for this
protein trafficking and ubiquitination of misfolded reason, Hsp70s exhibit variable nucleotide exchange
protein to facilitate their degradation (Bukau and rates (Brehmeret al., 2001). Therefore nucleotide
Horwich, 1998). Hsps occur in functional networksla exchange of Hsp70 represents a functional aspett th
hence their coordinated expression is important incould potentially be targeted in drug design.
proteostasis. Some Hsps are stress-induced wiigrt Hsps exist in functional networks and therefore by
are expressed constitutively. Because of their mde abrogating their interaction it is possible to nfeee
sentinels of protein folding, it is not surprisitigat some  with their function. For example, it is estimatduat
Hsps are essential and for this reason, they dotesti Hsp90 associates with at least 300 possible intersc
potential drug targets (Whitesell and Lindquist02pD (da Silva and Ramos, 2012). Although Hsp70 may
However, their high conservation is a snag to theirinteract with a smaller number of co-chaperones
prospects as drug targets. In spite of this, drugs(molecules that regulate the chaperone activitiAgps)
targeting some Hsps especially Hsp90 show greatcompared to Hsp90, the former also associates with
potential and some of them have entered clinidgalsr  several cofactors such as Hsp40s. Hsp40s serve as
for cancer treatment (Jhavetial., 2012). In addition,  substrate scanners of Hsp70 (Rudigeral., 2001).
there are prospects to target Hsps in treatment ofTherefore their role is to deliver substrates t@Hsas
infectious diseases such as malaria (reviewed inwell as modulate its basal ATPase activity (@yrml.,
Shonhai, 2010; 2014). 1994; Cheetham and Caplan, 1998). The distribution

Several factors appear to make Hsps ideal asco-chaperones varies between species and between
druggable targets. The function of some Hsps ishumans and parasites. For examplelasmodium
regulated by nucleotides. For example, Hsp70 andfalciparum (the main agent of malaria) afdypansoma
Hsp90 which constitute the most prominent druggablebrucei (which causes sleeping sickness in humans)
Hsps are ATPases. For this reason some of the mogtossess a much bigger complement of Hsp40s than
notable inhibitors of Hsps are ATP mimicks and othe humans (Njunget al., 2013; Burgeet al., 2014). Some
compounds that inhibit their ATPase activity compounds that selectively target the interactioHsp40
(Banumathyet al., 2003; reviewed in Shonhai, 2010). In with Hsp70 in malaria parasites have been shown to
addition, the basal ATPase activities of Hsp90 andexhibit limited cytoxicity to human cells (Cockbuenal.,
Hsp70 from different organisms is known to vary 2011). Based on genomic data, it has been propbsed
(Matamboet al., 2004; Valiet al., 2010). The ATPase not all of 10 common co-chaperones of Hsp90 oceur i
activity of Hsp90 is known to increase up to 10dfad ~ obligate human parasites, suggesting that thellision
cancer cells compared to its activity in normallsel ©of co-chaperones of Hsp90 varies across species
(Vali et al., 2010). The enhanced activity of Hsp90 is (Johnson and Brown, 2009).
thought to increase its client protein-processimgaver There is growing evidence that the minor sequence
rate. Since some of Hsp90's client proteins arelired variation between Hsps from malaria parasites sz
in signal transduction, it is conceivable that thene adequate structural variation to facilitate thestestive
implicated in the development of cancer. inhibition with minimum effects on their human

Some motifs of Hsps are structurally divergent asro counterparts (Cockburet al., 2011; Wanget al., 2014).
species. For example, Hsp70s contain a fairly deer  The variable post-transitional modifications thaspH
C-terminal Peptide Binding Domain (PBD). Some homologues undergo in different organisms and in
proline-rich antibacterial peptides that target B&D of diseased-and non-diseased cells presents make them
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functionally unique. For example, the phosphorgiatbf Brehmer, D., S. Rudiger, C.S. Gassler, D. Klostéeme

Hsp90 is known to regulate its chaperone functiod a and L. Packschiet al., 2001. Tuning of chaperone
hence its role in cell signaling (Mollaposr al., 2010). activity of Hsp70 proteins by modulation of
In addition, the expression levels of Hsps alsoyvar nucleotide exchange. Nature Structural Molecular
cancer and normal cells (Ghoattel., 2008). Biol., 8: 427-432. DOI: 10.1038/87588

One of the major obstacles in targeting Hsps inBukau, B. and A.L. Horwich, 1998. The Hsp70 and
drug design is that inhibition of one isoform ofeth Hsp60 chaperone machines. Cell, 92: 351-366.DOI:

protein could lead to up-regulation of another to 10.1016/S0092-8674(00)80928-9
provide compensatory function. It has been shownBurger, A.,, M.H. Ludewig and A. Boshoff, 2014.

that down-regulation of either inducible or Investigating the chaperone properties of a novel
constitutively expressed Hsp70 did not result ie th heat shock protein, Hsp70.c, froffrypanosoma
arrest of cancer cell growth (Schlectttal., 2013). brucei. J. Parasitol. Res. Article, 2014: 1-12. DOI:

The cancer cells were only challenged when both the  10.1155/2014/172582
constitutive and inducible forms of the proteinsr&ve Cheetham, M.E. and A.J. Caplan, 1998. Structure,

down-regulated (Schlechdt al., 2013). In addition, function and evolution of DnaJ: Conservation and
inhibition of Hsp90 has been shown to induce Hsp70  adaptation of chaperone function. Cell Stress
and Hsp27 (reviewed by Franket al., 2013). Chaperones, 3: 28-36.

Therefore targeting the functional association of  http://www.ncbi.nlm.nih.gov/pmc/articles/PMC312
Hsp70 and Hsp90 might be a more effective 945/pdf/i1355-8145-003-01-0028. pdf

intervention than inhibiting each of the two moletu  cockburn, I.L., E-R. Pesce, J.M. Pryzborski, M.T.
chaperones. Hsp70-Hsp90 organising protein (Hop)  pavies-Coleman and P.G.K. Clart al., 2011.
also known as Stil (Nicolet and Craig, 1989) seme@s Screening for small molecule modulators of Hsp70
a module that brings Hsp70 and .Hs.pQ_)O in a functiona chaperone activity using protein aggregation
complex. A compound that inhibits Hop-HspS0 suppression assays: Inhibition of the plasmodial

association was shown to be lethal to cancer cells :
e . . chaperone PfHsp70-1. Biol. Chem., 392: 431-438.
(Pimienta et al., 2011). Plasmodium falciparum Hop DOI 10.1515/BC.2011.040

(PiHop) IS fairly d|vergent from its human eq“"{m Cyr, D.M., T. Langerand and M.G. Douglas, 1994.
and for this reason, it has been proposed as abposs DnaJ-like proteins: Molecular chaperones and

antimalarial drug target (Gitaat al., 2012). specific regulators of Hsp70. Trends Biochem. Sci.,

Although Hsps are conserved, there is a growing  19. 176181, DOI: 10.1016/0968-0004(94)90281-X
body of evidence suggesting that Hsps are poteaiia da Silva, V.C.H. and C.H.l. Ramos, 2012. The nekwor
targets in spite of their conservation. The vagabl interaction of the human cytosolic 90 kDa heat
functional features that Hsps exhibit in normal susr shock protein Hsp90: A target for cancer

diseased cells present an opportunity for possible therapeutics. J. Proteomics, 75: 2790-2802. DOI:
selective inhibition of their function in targessues. In 10.1016/j.jprot.2011.12.028

addition, although apparently small sequence vanat  granke 3. S, Eichner, C. Zeilinger and A. Kirsoign
exist between Hsp homologues from parasites in 2013. Targeting heat-shock-protein 90 (Hsp90) by
comparison to their human counterparts, the faat th natural products: Geldanamycin, a show case in
Hsps from a particular species may possess unique cancer therapy. Natural Products Reports, 30: 1299-
chaperone and co-chaperone partners presents la- bott 1323. DOI: 10.1039/C3NP70012G

neck for their selective inhibition. Since the ftioo of Ghosh, J.C., T. Dohi, B.H. Kang and D.C. AltierQ0B.
proteins depends on their proper folding, inhilsitiof Hsp60 regulation of tumor cell apoptosis. J. Biol.
Hsps in combination drug therapies offers a pramgisi Chem., 283: 5188-5194. DOI:
prospect (Pescest al., 2010; Shonhai, 2010). For 10.1074/jbc.M705904200

example, compounds that inhibit Hsp90 have beengGitau, G.W., P. Mandal, G.L. Blatch, J.P. Przybossid
shown to reverse chloroquine resistance in malaria A, Shonhai, 2012. Characterisation of the

parasites (Shahinasal., 2013). Plasmodium falciparum Hsp70-Hsp90 organising
protein (PfHop). Cell Stress Chaperones, 17: 191-
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