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Genomics, molecular targets and the
discovery of antifungal drugs

Frank C. Odds

Aberdeen Fungal Group, Institute of Medical Sciences, Aberdeen, United Kingdom

Summary  Comparative analyses of fungal genomes and molecular research on genes
associated with fungal viability and virulence has led to the identification of many
putative targets for novel antifungal agents. So far the rational approach to anti-
fungal discovery, in which compounds are optimized against an individual target
then progressed to efficacy against intact fungi and ultimately to infected humans
has delivered no new agents. However, the approach continues to hold promise
for the future. This review critically assesses the molecular target-based appro-
ach to antifungal discovery, outlines problems and pitfalls inherent in the geno-
mics and target discovery strategies and describes the status of heavily
investigated examples of target-based research.
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Gen—mica, dianas moleculares y el descubrimiento de
ffrmacos antifcengicos

Resumen Los antlisis comparativos de los genomas feengicos y la investigaci—n molecular
en genes asociados con la viabilidad foengica y la virulencia han conducido a la
identificaci—n de muchas dianas potenciales para nuevos antifeengicos. Por el
momento, la v'a racional para el descubrimiento de antifeengicos, en la que los
compuestos son optimizados contra una diana individual, despuZs mejorada su
eficacia contra hongos intactos y, finalmente, frente a pacientes infectados, no
ha proporcionado nuevos agentes. Sin embargo, esta v'a contincea manteniendo
promesas para el futuro. Este art'culo revisa cr'ticamente la v'a basada en la
diana molecular para el descubrimiento de antifeengicos, se—ala los problemas y
trampas inherentes a las estrategias gen—micas y de descubrimiento de dianas,
y describe la situaci—n de ejemplos profundamente estudiados en investigaci—n
basada en dianas moleculares.

Palabras clave  Gen—mica, Firmacos antifcengicos, Dianas moleculares

Determination of the DNA sequence of the entire describe gene products as putative antifungal targets, and
genome of a living organism provides a superb resou  the literature on drug discovery via genomics and compu-
for research into the molecular genetics and physiology ofter-aided design is vast. The references citedia t
that organism. Comparative genomics reveals impbrta review are therefore illustrative examples of points made,
differences between organisms that may account for theirrather than comprehensive in scope.
known behaviours, for example, as inhabitants of unusual The antifungal drugs most recently introduced into
ecological niches or for pathogenic potential. Many clinical use or presently undergoing phase 3 clinical trials
claims have been made for the medical importance of are the echinocandins anidulafungin, caspofungish an
genomic data in revolutionizing approaches to dosjs micafungin, and the triazoles voriconazole and posacona-
and treatment of disease. This review will exantime zole, with albaconazole and ravuconazole availédie
role of genomics and molecular targets in discowsry  clinical development. None of these agents was discove-
novel antifungal drugs. Very many individual publications red from research based on genomic approachestp dr

discovery. All began pre-clinical development in the early
1990s, at which point no fungal genomic information was
available. Early, incomplete versions of the gensme
important fungal pathogens such @andida albicans
were available commercially (and expensively) in the mid
1990s, and there has been no shortage of papers-des
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It is important to note the long development times IZ=rrmes [a e dvovery o
b typically 10 years D for novel antifungal agents to gain rievd il mledre ayeis
approval for clinical use. The many hurdles between dis-
covery of an antifungally active molecule and the marke-
ting of an antifungal pharmaceutical include toxicological 1. Defermine DRA Sequence of chosen micmoe
and pharmacokinetic testing, scaled-up productior, i N
formulation as a stable, easily administered praduc .- . _
Finding a novel compound with potentially useful antifun- -""'f"“_l“cﬁ': “:,:;ﬁ'f;’f;ﬁﬁ?‘mm‘““
gal activity is obviously an essential first step, but the dif- 9 z
ference between a newly discovered inhibitor and a &L
pharmaceutically useful drug is much greater thamyn % Draw up st afgencs inkue o mErcbas)
scientists concerned with discovery research recognize. ¥
A "ol i sl e phick s Anime o el Bl s
Principles of genomics-based antifungal drug Isyim |
discovery ACLRk gone disuptonin hen ol anads
. i i ol et o HETHLES Dby ol U iph s e A e o
There is no conceptual difference between antifun- sl b e e e
gal agents and other antimicrobials such as arttbiat ettt Leal s clend b
and antiviral agents where the use of genomics is concer 1
ned (Figure 1). Once the complete DNA sequence of a
pathogen has been determined, a combination of compute 4 Neaem hgg-hens gl e b
rized approaches and manual scrutiny (bioinfornsjtic misaingnl chiman Higel |
allows designation of the open reading frames (ORFs) that '
encode functional products. Even for such thoroyghl
analysed and annotated genomes as that of A “;“:""":”:""“ :'“’:"“"i""h“' |
Saccharomyces cerevisif@4], the accurate delineation Hf.:;" pE st e
of all ORFs remains an on-going process. To define

potential antimicrobial targets, the sequences of microbial 1
genes are compared with those of the human genome, an
microbial genes with a low degree of amino acid sequence
homology to human genes are listed as potentially micro-
be-specific and therefore of interest. , . _
This strategy is intended to reduce the large num- glegtg:re}]ilr{e-rr?gvsetlrgﬁ%gg;rtsafrg?gtg?u%rigﬁtlrr:(fe%r%?g]oglhteo
ber of ORFs found by whole genome sequencing to a basis for drug design and development.
shortlist of genes specific to the microorganisrheT
search can be extended to include, for example, only simi-, . . . .
lar genes across a range of target species; thispso- inhibitors, not necessarily the optimum molecules) can be
priate to find targets for potentially broad-spertr ~ OPtimized to OleadsO (more potent inhibitors) by computer
antimicrobials. The assumption underlying the geimom  analysis of drug-target interactions and of predicted phar-
approach is that an inhibitor of the products of microbial Macokinetics (absorption, distribution, metaboliand
genes will not have an equivalent target in a human hostéxcretion ® ADME) [96]. The idealized lead is then ready
and will therefore work as a specific antimicrobial agent. t© be developed for clinical use.
The many approaches to determination of functian fo . . .
unknown genes include specific mutagenesis to determine __The genomic approach to antifungal target disco -
profiles [17], transposon mutagenesis to reveal gene func-rational and very simple. They are to be foundaei
tions [26], two-hybrid screens to find sequences that inte- With only minor differences, in countless artickbst
ract with a gene of interest, post-transcriptiogahe explain the ways in which genomic information is transla-
silencing with antisense RNA [16,36,57], and overexpres- €d into drug discovery (examples of recent general
sion of the gene in a foreign host. Sometimes genes ~ 'eviews are references 2 and 96). One might therefore rea-

assumed to encode putative targets mainly on theoreticaSonably ask why we are not already overwhelmed with
grounds [43]. novel antimicrobial drugs, including antifungal ag®,

Once a list of genes of interest has been compiled, Well on their way to full development for clinicake.
the list is further reduced by consideration of issues suchWhy, indeed, are there articles suggesting that the geno-
as target function, patentability and the ease with which a(rj"(')?s/ T}‘gf%‘:}:;t?‘rgg ;‘Eapmscgctge?g:g?gré)ﬁg g:z‘é%\cegy
high-throughput screen can be devised for inhilsitmir X ¢
the gene product. All these considerations and approache$20,41,42,71]. OMaybeO, as Soll and Strosbergs[8£]
to scoring data to assess the potential value of particulardested, Oit is time for molecular biologists to realize that
gene products as antifungal targets have been reviewed bjdentifying new potential targets for drug development or
Spaltmann and colleagues [95]. Roemer et al. have descriPathways for manipulation is only half the gameO.
bed approaches for large-scale identification skesal Considering the many stages at which compounds fail on
genes inC. albicans[81] while other comparative geno- the path from pharmacological activity to clinical product,
mics approaches for identification of antifungal targets are the identification of new targets may in fact represent a lot
detailed in [40], [106] and [65]. less than Ohalf of the gameO. ,

All that remains is for investigators to design novel _Careful examination of the genomics-based strategy
chemical compounds or classes that can be predicted Summarized in Figure 1 reveals areas in which the disco-
inhibit the newly selected target [2], or screelistirg very of potential targets from genomic informatioay
compound libraries for target inhibitors. OHit¢$@ rst ~ fail. The concept of selecting genes specific thasen

T Dl op reree s sl o dnesalues



microbe or microbes requires a homology cut-offnppi
beyond which a gene will not be considered eligiole
further consideration. The decision as to what lefe

Antifungal drug discovery
Odds FC

Genes of unknown function present a curious diffi-
culty for the rational approach to target discovery. In prin-
ciple, genes without equivalents of known functian

homology B more precisely of derived amino acid sequen-other organisms should represent a particularly interesting

ce identity D defines an antifungal target may ltesu

area of exploration for new targets, but they require much

exclusion of some potential targets. For example, the deri-more investigative effort to determine their physiological

ved amino acid sequence of tBRG11(= CYP5) gene

role than do genes encoding products of (presumed)

in C. albicans which encodes the target protein for azole known function. For this reason there have so far been no
antifungals, is 38% identical to that of its human equiva- reports of the exploitation of unknown genes in the direc-
lent [99]. The target of sordarin antifungals, fungal elon- tion of antifungal discovery.

gation factor 2, is a protein with 85% sequence homology

to its human equivalent [50]. So a genomics-based search

for fungus-specific genes with a cut-off chosenobel What makes a good antifungal target?

85% identity for human derived amino acid sequence

would preclude discovery of the target for sordarins; and a The genes of greatest interest as antifungal targets
cut-off below 38% would preclude discovery of the target are those that can be shown to be essential for the fungus

for azole antifungals.
Additionally there are many uncertainties in gene

(or a range of fungi). Existing antifungal agents either Kkill
a range of fungal pathogens or considerably refzed

annotation and functional assignments of genes [96]. Thegrowth, yet they are not always clinically successf
typical approach to annotation of new genomes is to assu-Against that background the logic seems weak when au-
me that gene products with high amino acid sequencethors claim that molecules with effects againsthdince

similarity to a well-studied peptide in a closeblated

factors should be clinically effective antifungajemts.

species (in many cases the terms Owell studied® oThe number of published molecular virulence faciars
Oclosely related speciesO may not apply). For example, iopportunistic pathogens such @s albicansxceeds 70

the case ofC. albicandt is commonly assumed that
knowledge obtained witls. cerevisiaean be readily

gene products [8,67] and homologous factors do not
necessarily operate in othéandidaspecies. Since almost

extrapolated to the pathogenic yeast. Yet, for example, theall the gene knockouts definir@ albicansvirulence fac-

genesSNF1[80] andCHS1[66] prove to be essential for
C. albicansand non-essential fos. cerevisiaavhile

ERG24is non-essential fo€. albicansbut essential for
S. cerevisiad46]. Similarly, CDC43 which encodes a

subunit of geranylgeranyltransferase | (GGTase 1) in both for

species is essential 8. cerevisiadut not inC. albicans

tors to date have been done in the background of a single
C. albicansstrain, it is not even certain that the many
molecules defined as virulence factors are common to all
isolates of the species. While many authors argue a case
virulence factors as antifungal targets
[e.g. 1,7,69,79,85]), antifungal agents are usually required

[90]. In this particular case the assumption of homologous after such factors have done their work and tissues are
GGTase | essentiality between the two yeasts led to already infected. Virulence factors are therefaroep-

surprise when inhibitors of th@. albicansenzyme failed
to inhibit fungal growth [52]. A similar problem in extra-

tually more likely to be targets for prophylactic rather than
therapeutic agents, and may be highly specific to a single

polation was encountered in experiments with compoundsspecies or strains within a species. Notwithstanding such

that were specific inhibitors of bacterial histidine kinases.

The compounds inhibited growth of bagh cerevisiaand

C. albicandn vitro, but this activity persisted even in a
S. cerevisiamutant with the sole histidine kinase gene
(SLNJ deleted [19]. Clearly the inhibitory action ofeth

theoretical limitations, a number of virulence genes have
been presented as candidate antifungal targetsiding
MAN1 in Cryptococcus neoformarj&07], lysF [56] and
pabaA[9] in A. fumigatusind COS1[85], VPS34[10],
HWP1[100] andTPS2[102] (among many others) in

compounds in fungi was via a different mechanism from C. albicans

their effects in bacteria. This study also serves esvaat

Enzymes involved in mannosylation of cell wall

for those who assume that toxicity of pharmaceuticals is proteins are particularly popular choices as potential anti-

inevitably the result of the same target being en¢sn
Homo sapiensind an infectious pathogen: small mole-
cules may affect different targets in different species.

The mRNA capping enzyme, mRNA 50-guanylyl-
transferase, irC. albicanshas received a lot of attention
as a potential target for antifungal agents. The
S. cerevisiaggene encoding the homologous enzyme,

fungal targets inC. albicans[24,38,94] and

C. neoformang21]. However, few of these targets seem
to be essential for fungal growth and therefore belong to
the Ovirulence factor targetO category. Patenésbeen
assigned for thiazolidine compounds as inhibitofrs o
C. albicangnmannosyl transferases [5] but the company
that owns the patent has now abandoned antifungal

CEG], was shown to be essential for viability of this yeast research.

and it was therefore assumed that ¢healbicansequiva-
lent gene CGT2) would similarly be essential [109]. The

C. albicansmRNA capping apparatus, based on the pro- Antifungal targets essential for fungal growth

ducts of three genes®GT1 CET1,which encodes an
RNA triphosphatase, an@CM1, which encodes the

Since many invasive fungal infections are opportu-

mMRNA methyltransferase B therefore underwent extensivenistic in nature and difficult to diagnose accurately, treat-
characterization [76,82,84]. Some six years after the first ment of fungal disease is often empirical, rathexnt

published interest in MRNA capping as an antifungal tar-

get it was discovered that deletion @ET1 or CCM1in

C. albicanswas not a lethal event, unlike the equivalent
deletions inS. cerevisiagalthoughCGT1still does appear
to be essential in both organisms [22]. Clearly, M#AR
capping processes i@. albicandiffer sufficiently from
those inS. cerevisiaes now to raise doubt of their value
as targets in pathogenic yeasts.

specifically targeted [54,61]. Commercially, the nket

for antifungal agents is much smaller than that for antibac-
terials, so a niche product that is efficacious against, say,
Aspergilluspecies only is unlikely even to recoup its
development costs. An ideal antifungal agent is therefore
one that acts against as broad a range of fungi as possible
and has a fungicidal effect. For the reasons diseds
above, virulence factors rarely, if ever, offer useful thera-
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Table. Examples of published putative targets for antifungal agents (excluding targets designated only as virulence factors).

Fungus Gene Product/function Inhibitors known? References

A. fumigatus,

Aspergillus nidulans, PRP8 Prp8 intein No [12,58]

C. neoformans,

Histoplasma capsulatum

Candida, Aspergillus spp. Inositol phosphorylceramide synthase Yes (natural products) [34,110]

A. fumigatus, PMA1 Plasma membrane H*-ATPase Yes (ebselen, a seleno-organic [11,60,86,93]

C. neoformans, compound and conjugated

others stryryl ketone NC1175)

C. albicans CDC68 Transcript elongation factor No [13]

C. albicans VRG4 Golgi apparatus GDP-mannose No [70]

transporter

C. albicans CHS1 Chitin synthase 1 Yes (HWY-289) [66,75]

C. albicans 2,3-oxidosqualene-lanosterol cyclase Yes (squalene analogues) [48,49]

C. albicans NMT N-myristoyl transferase Yes (RO-09-4609, RO-09-4879) see text

C. albicans CGT1 mRNA 50-guanylyltransferase No see text

C. albicans TOP1 DNA topoisomerase | Yes (eupolauridine) see text

C. neoformans RAM1 protein-farnesyltransferase Yes (FPT inhibitor 3; Calbiochem) [101]

b-subunit homologue

C. albicans, C. neoformans CNA1/CNB1 calcineurin A or B Yes (cyclosporine and FK506) see text

Unspecified protein elongation factor 2 Yes (sordarins) US patent no.
6,096,511

Unspecified 1,3-b-glucan synthase No US patent no.
5,912,153

Unspecified yTFIIB yeast transcription factor 1B No US patent no.
5,908,748

Yeasts BOT1 mitochondrial ribosome subunit No US patent application

no. 20040106173

peutic targets: their interest is more for propkjgeor,
possibly, for vaccine development.

proposed as essential for growth (therefore offgrin
opportunities for fungicidal effects of inhibitors in vivo).

an antifungal target [33] were published in recgsdrs.

Although the target was chosen earlier than would be pos-
The table lists examples of targets that have beensible by genomic approaches, its history is an ket

Some examples have been drawn from patent details, but

it is perhaps surprising that very few antifungaigets

example of the way in which molecular targets can b
used for discovery of novel antifungal agents.

The enzyme concerned, myristoyl-CoA:protein
NBbmyristoyltransferase (Nmtlp), was shown experimen-

seem to have been patented (the search was based on tltelly to be essential both fo€. neoformangs9] and
keywords OantifungalO and OtargetO in abstrdd®& of C. albicans[104]. TheC. albicansprotein has been crys-

patents and patent applications since 1976). U8npat
application no. 20040082532 from 2004 seeks torpgate

tallized and its active site structure used to Btigate
interactions with a variety of inhibitors [39,91 3]0

no fewer than 77 fungal genes as putative antifungal tar-Various simple assays for inhibition of Nmtlp adyv

gets, but this application appears to be unigueaiwing
such a broad scope. For most of the targets ligted

have been described [32,77], allowing for high-throughput
screening of compound libraries. Novel derivatioés

the table no inhibitors have been found that cowdd b benzofuran inhibitors (originally discovered sergrd

developed as clinically effective agents, even gtou

tously by screening, not by design) have been synthesized

occasional prototype inhibitors have been described. For ato enhance inhibitory activity against Nmtlp, soafe

small number of targets considerable efforts hasenb
expended to discover inhibitors, and these targetst

more detailed discussion.

Protein N-myristoyl transferases. -myristoylation

which showed activity against intact fungal cells in vitro,
and even activity in mouse models ©f albicansnfec-

tion [23,51,62,63]. It is to be hoped that this mising
research, now spread over more than 10 years Hirece

first proofs of essentiality of the target, willtuhately

is a process in which the 14-carbon fatty acid myristate islead to the development of clinically useful antigal
added to a terminal glycine residue of a protein during its agents. In the context of the present review it is perhaps
formation at the stage of translation. Proteins carrying the worth mentioning that a blastp comparison of th& 45

terminal lipid moiety are involved in a large numioé
essential cellular processes. The biochemistryhef t

amino acid sequence of tie albicansNmtlp shows it to
be 61% similar and 45% identical with its human homolo-

NBPmyristoylation process in eukaryotic cells was worked gue: this relatively high identity means the target may not

out in the 1980s, and reviews BfFmyristoylation [25]

and of research into the enzyme catalysing the process ascreen.

have emerged as an ideal candidate from a genomic
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DNA topoisomeraseDNA topoisomerases are Rational design of novel antifungal agents
involved in the unpackaging of DNA supercoi. albi -
cansDNA topoisomerase | was chosen and investigated It is by now obvious that molecular approaches to
as a potential antifungal target on biochemicalugids target identification and the input of genomic information
before any form of th€. albicansgenome was available have successfully validated very many targets faxn
[28,87]. According to the annotated genome sequenceinhibitory drugs. However, even for targets more than 10
now available (http://genolist.pasteur.fr/CandiddPB years old there is, as yet, no sign of novel amiifal
C. albicanspossesses three DNA topoisomerase-encoding agents moving into clinical development. The expression
genes TOP1, TOP2, TOPBwith amino acid sequences Odrug designO may suggest a more confident process than
that are, respectively, 64%, 64% and 58% similad an its reality. Computerized models of protein structures and
49%, 46% and 41% identical to the human topoisomera-the technology for determination of protein struetu
ses |, Il and Ill. Once again, a target selected before geno-have both made enormous advances, particularly in relati-
mic approaches were possible has a level of homology tovely recent years. However, specialized journalsligh
its human equivalent that may be on the bordertihe research on methods for modelling of the comple-in

interest for selection in a genomics screen. ractions between protein molecules and small-madécu
Gene disruption experiments showed th@P1 inhibitors; so many problems of modelling for molecular
gene was essential f@. neoforman§l8] though more design evidently remain to be solved. At presens it
equivocal results were obtained with albicans[47] and almost impossible for a computerized molecular docking
the gene is not essential f8r cerevisiad37]. Inhibitors approach to allow design of ideal inhibitory molecudes
of mammalian and microbial topoisomerases seldom sho-nova It is usually necessary for many iterations of tests in
wed any useful whole-cell antifungal activity intra vitro and synthetic modifications to be done befsue-
[4,27,78]. There still appear to be mysteries reiqgi cessful inhibitors emerge which are then claimed as
resolution around DNA topoisomerases as antifungal tar- having been OdesignedO. Most commonly, a high-through-
gets. Eupoleuridine, an alkaloid with growth-inhdyy put screen of existing chemical libraries identifies a small

activity for C. albicand44], inhibits the activity of number of candidate inhibitor classes whose structure can
S. cerevisiaBNA topoisomerase |, but mutants lacking then be adapted according to results obtaimesilico.
the TOP1gene werenoresensitive to the agent than wild The word OdesignO implies that hit-and-miss appesac
type. No inhibitors of fungal DNA topoisomerasevéa  have been eliminated; but comments, for instaricat, t
so far emerged as candidates for clinical development. Orational designO was used as the basis for sigtifies
more than 1,000 possible inhibitors of a bacterial target in
H*-ATPase.Proton-pumping ATPases have been order to find a molecule with good target inhibitory acti-

studied for many years in a variety of fungi anddal vity [31] may leave the suspicion that the sereitdips
HT-ATPase began to be decribed as potential antifunga component of drug discovery is not yet a thing of the past.
targets in the 1990s [86]. The'HATPase encoded by There are many examples of the brilliant molecular

PMALlin C. neoformansas recently emerged as a parti- modelling work that can be done to investigateriate
cularly interesting target with the discovery of fungicidal tions of drugs with their targeta silico. The azole anti-
effects from an ATPase antagonist, ebselen [93]and fungal target, cytochrome P450-14DM has received a lot
conjugated styryl ketone, NC1175 [60]. Comparative of attention since the first protein of its type was crystalli-
genomic analyses suggest the target may provide a basized [35,88,89,108], so it may be too early to dismiss the
for broad-spectrum antifungal activity [93]. azole antifungal class as exhausted for its poaémnoi
yield novel compounds. However, as discussed above,
Calcineurin.Calcineurin is a heterodimeric protein  most prototype inhibitors for newly determined antifungal
involved in a variety of calcium-dependent regulatory pro- targets have been discovered by screening existing libra-
cesses in eukaryotic cells. Its catalytic action as a proteinries of synthetic compounds and natural products for acti-
phosphatase is mediated by the calcineurin A subunit; cal-vities; computerized design approaches are most effective
cineurin B is the regulatory subunit of the hetenoek. when such prototype inhibitors already exist. Thpqr
Calcineurin action in fungi and in mammalian cafls by Kumar, for example, illustrates the moleculasida
inhibited by the immunosuppressive drugs cyclogpori  process applied to discovery of inhibitors for the
and FK506: an observation that might suggest difficulties C. albicansSap2p proteinase [55].
in finding a fungus-specific inhibitor. However gite is
considerable interest in calcineurin as an antifungal target
because it has been shown to be essential forericel Pharmacogenetics and pharmacogenomics
and, in some circumstances, for survivaldn albicans
and C. neoformang6,7,14,15,29,30,68,73,83,103]. The Pharmacogenetics, where human genetic poly-
CNAlgene ofC. neoformans targetable by antisense morphisms are used to predict differences in the responses
repression [36] so the tools are in place for thgto of patients to drugs, has already entered the @il
exploration of the calcineurin-encoding genes,rtped- arena with voriconazole. The agent is metabolised princi-
ducts and their function. At present the main interest is in pally by the cytochrome P450 enzyme CYP2C19, and
the effect of calcineurin inhibitors to synergize with exis- humans differ in their genotypes for this enzyméhw
ting azole antifungals to generate a fungicidakeff consequences for voriconazole pharmacokinetics. [45]
[73,74,83,97,98] but it is conceivable that inhibitors speci- Pharmacogenomics take the pharmacogenetic principle to
fic to fungal calcineurin may emerge as antifungal agentsthe even higher level of using genomic information from
in their own right in the course of time. human patients to predict the likelihood of success of drug
treatment in each individual. This goal seems fafar
antifungal therapy at present, but the technology for gene
sequencing becomes ever faster and cheaper, so it i
impossible to predict how soon the pharmacogenomic
approach might become clinical reality.
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Discussion

This article has critically reviewed the status of
genomics and molecular target development as a means ¢ The ultimats ‘targsd™
accelerating discovery and development of novel antifun- a drug to treat an
gal agents. Like Horrobin [42], the present author has no Infected patient

doubt that, in time, new drugs will be used clinically that

have been discovered by the strategy of genomise¢ba .#F Mamy candkdates Bl
target identification and molecular design; the concern is 'l——I Lu etz Lt furuies L
the actual length of time it may take before thegeint el ssEmE
scientific strategies deliver new agents. For antimicrobial
discovery, the use of target-based approaches miotes o=, SCTeEn COMpOLNS
conceptually accelerate the process. Figure 2tithtiss ?«r‘h-.lg - Inenimal madels
the basic problem: basing drug discovery on a molecular
target moves the focus of research one step badewvar L,.:i; KAy CmpaLns
from random screening of compounds against intact cells. '1—_-1' =lvs L
This is not a disadvantage if all the assumptidret t ek
underlie the choice of target are reasonable; hawnev —
sometimes it appears that the potential problentbef S ST compounds
molecular approach have not always been thought '-'\%-' for fungal growih
through. -="  inhibition

The assumption that small molecule inhibitors o .
have unique actions is to be questioned, even in the anti "'? apanes v
fungal context. For example, the compound HWY-289, a E i ik Pkl

protoberberine derivative, inhibits multiple targ® two R——

chitin synthases and acyl-CoA:sterol transferase B Gy, Scresn compounds

C. albicang53,75] yet still has the properties at whole- et-*w*e-"ﬂ:- i or design vs

cell level of a potentially specific antifungal ageThe s maleculariarget

examples of histidine kinase inhibitors and DNA topoiso-

merase inhibitors, which have different or extra targets in

fungi, have already been mentioned above. Figure 2. Starting points for discovery of novel antifungal agents. Screening
Enthusiasm for virulence factors as antifungal tar- Sompeunds i animal model o ungal disease starts e pocess very

gets may make scientific sense, but in realistic, commer- considerations (apart from ethical ones). Starting with an antifungal target

cial terms an antifungal agent needs to have aschas  _ofers he possiity of i desin s scrcening lage numbers of o

possible a spectrum of susceptible fungal species to achie one fungal pathogen and is therefore strategically ane stage behind Otradi-

ve clinical success, and this seems unlikely to happen fortionalO screening of compounds against intact fungi in vitro.

virulence factors that are species- or strain-decihe

fast-growing availability of complete genomic infioa-

tion for a large number of species and strains of pathoge-its zenith in screens based on mutant microorganisms that

nic fungi will greatly facilitate comparative genomics and have been modified to reveal differential activity against a

identify targets for broad-spectrum antifungal aka  chosen target: compounds that equally inhibit the growth

However, it is relatively inexpensive to screen compounds of wild type and mutant organisms are regarded as of no

against a panel of different fungi which contain all possi- interest, even though these may be ideal candidates

ble targets and which are likely to be expressingse  development. Projects based on screening of hyper-sensi-

essential for viability when grown in vitro. This comment tive or hypo-sensitive mutants require special confidence

goes to the heart of what is required for pragmaticgy in the importance of the target involved.
discovery. ) ) A major motivation for the shift towards rational,

~ Molecular target-based strategies for antifungal target-based antifungal discovery was the perception that
discovery have the great advantage that they atier traditional hit-and-miss, whole-microbe screening

mists the opportunity to invent new compounds with the approaches had become unproductive. However, tae ra
potential to interact with the target. Without targets there of discovery of novel antifungal agents has notcpgr

Is no inspiration for novel inhibitor design. However, the tibly increased since the mid 1990s, when the first partial
prototypes for successful inhibitors cannot easily be desig-fungal genome sequences became available. Meanwhile, a
nedde novo mimetics of enzyme substrates, for example, recent report on the discovery of a totally novetia
are sometimes, but not often, capable of development asapparently attractive agent agaiiycobacterium tuber -
pharmaceuticals. But, more usually, within pharmacologi- culosis[3] illustrates that it is still possible to discover a
cally active research groups, existing librariecof- ~ new agent by whole-microbe screening while using
pounds are screened over and over for activityrsgai  molecular technologies to find the agentOs target. As illus-
newly validated targets. Often the compounds have alre-trated in figure 2, the refined, rational, scientific approa-
ady been tested for growth-inhibitory antimicrobial activi- ches do not yet necessarily accelerate the pace of
ties, so the target screening either detects okdewn antifungal discovery since compounds with high\ati
antimicrobial molecules which have previously been against molecular targets then need to be tailored to work
abandoned (this happened, for example, with the sordarinsagainst intact cells. Their molecular activitiesreoonly

[72]) or the search Is aimed at finding target-active mole- fail to extrapolate to intact fungi, often becatisey are
cules withoutantimicrobial activity against intact cells. unable to gain access to an intracellular targed,fof

This is not the ideal starting point to find clinically useful course, not all compounds that work against intacgi
molecules since it sets out to eliminate molecwéb show activity in animal models of fungal infection.
proven growth-inhibitory activity. The rejection obm-  Clearly a combination of technologies, old and new, pro-
pounds with demonstrable antimicrobial activityaleas vides the optimum platform for antifungal discovery



However, the excellent progress that has been niade,

Antifungal drug discovery
dds FC

tors through to clinically effective drugs will be overcome

example, with construction of computerized databases thatand the potential for genomics-based molecular @gpr
predict the ADME properties of drugs [96] encourage ches to antifungal discovery will eventually be realized.
confidence that, in the future, many of the present difficul-
ties experienced in taking compounds from target inhibi-
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