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Deformylase as a novel antibacterial

target
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Bacterial genomics has revealed a plethora of previously unknown targets

of potential use in the discovery of novel antibacterial drugs. However,

so far little has emerged from this approach. Peptide deformylase is an

interesting target that was discovered more than 30 years ago, but was

not exploited until recently. The reawakening of interest in this target

resulted from an improved understanding of the enzyme, making it a

more tractable and attractive target. Information on the properties of the

enzyme, such as its three-dimensional structure, the activity of inhibitors,

its resistance and suitability as a target are discussed.
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v The discovery of antibiotics and their im-
pact on bacterial infections represents one of
the great success stories of 20th-century medi-
cine but there is a growing concern about
increasing antibiotic resistance. Ultimately, bac-
teria have proven to be capable of developing
resistance to any antibiotic that has been used
clinically, the only unknown being when, not
if! The ability of antibiotics to safely cure in-
fections depends on their exploitation of the
differences between the biochemical path-
ways in bacteria and human cells. Targets for
antibacterial drug discovery can be chosen
rationally on the basis of such differences.
Although there is a large number of anti-
biotics used clinically, the variety of targets
that they inhibit is limited. The analysis of
microbial genomes has revealed an abundance
of novel and potentially useful targets! but, so
far, little has resulted from this much her-
alded effort. One target that had not received
much attention until recently is peptide
deformylase (PDF; EC 3.5.1.31).

Function of PDF

Protein synthesis is a proven rich source of
targets for antibacterial drugs2. Many of the
known antibiotics (e.g. the aminoglycosides,
macrolides, tetracyclines and oxazolidinones)

work by inhibiting one or more steps of this
complex process. Although the protein syn-
thesizing machinery of bacterial and mam-
malian cells is similar overall, there is enough
of a difference to allow for the selective block-
ing of this process in bacteria. One significant
difference is the transformylation and subse-
quent deformylation of methionine, as shown
in Fig. 1 (Refs 3,4). Unlike cytosolic protein
synthesis in mammalian cells, protein synthe-
sis in bacteria and mitochondria is initiated
by N-formylmethionine86, which is formed
from methionyl-tRNA by N-methionyl-tRNA
transformylase. In prokaryotes, but not in
mitochondria, the N-formylmethionine of
the nascent protein is removed sequentially
by the action of PDF and a methionine amino
peptidase to produce the mature proteins.7.
This role of PDF in bacterial protein synthesis
provides a rational basis for selectivity, mak-
ing it an attractive target for drug discovery.
Recently, the possible use of PDF as an antimi-
crobial target has been reviewed by Giglione
and coworkerss.

The essential role of deformylase in
bacteria

Currently used antibiotics work by inhibiting
the growth of, or killing, bacteria. In the con-
tinuing search for new antibiotics that work
in this way, it is crucial that any new chosen
target is essential for the growth and/or
survival of the bacteria. Although alternative
approaches to therapy, such as inhibition of
virulence, have been attempted, no new drugs
have yet emerged from such efforts. The
essential nature of deformylase was first
suggested in 1994 by two groups4° working
with Escherichia coli. In one case, it was shown
that the deformylase gene (def) could not be
inactivated unless the transformylase gene
(fmt) was also inactivated4. In the other case,
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a conditional-lethal (temperature-sensitive) mu-
tant was constructed®. More recently, the same
conclusions have been reached with Staphylococcus
aureus?0 using the first approach. The inactivation
of def cannot be achieved in Streptococcus pneu-
moniae!l, which suggests essentiality. Recently, more
conclusive evidence concerning the essentiality
of def in E. coli was provided by the construction
of an arabinose-dependent strain that has a
chromosomal copy of def under the control of
the arabinose-inducible promoter Py, (Ref. 10).
Growth depended on the presence of the inducer,
arabinose. The fmt gene itself is not essential in
E. coli4, S. aureus!® or Pseudomonas aeruginosal2.
Mutants in fmt have been described in these
species and all have an impaired growth pheno-
type. By contrast, it appears that fmt is essential
in S. pneumoniae!! because it has not proved poss-
ible to inactivate it.

Obviously, in the absence of transformylase ac-
tivity there is no need to deformylate a nascent
peptide. However, it does raise the question as to
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Figure 1. Initiation of protein synthesis by methionine in (a) bacterial and
(b) mammalian cells. Protein synthesis in mammalian and bacterial cells
always begins with the amino acid methionine. This initiating amino acid is
subsequently removed by the enzyme, methionine amino peptidase.
Although the overall process is similar, there is a significant difference:
bacteria first formylate and then subsequently deformylate the initiating
methionine. If the formyl group is not removed (by the enzyme
deformylase), protein synthesis is inhibited and the bacteria cannot grow.
Abbreviations: Met, methionine; f-Met, formylmethionine; pp, polypeptide;
aa, amino acid; tRNAI, initiatior transfer RNA; tRNAe, elongation transfer RNA.

why bacteria add a formyl group, and subse-
quently remove it, if it is not necessary in the first
place. The slowed growth defect of fmt mutants is most se-
vere in E. coli and least severe in P. aeruginosa. Thus there is a
varying price to be paid for elimination of the formylation-
deformylation cycle.

Is deformylase present in all bacteria?

The distribution of PDF gene homologs has been studied
extensively. Orthologs of deformylase (homolog genes that
code for proteins of the same function) are present in all
bacterial genomes that have been sequenced completely,
and most incomplete genomes have contigs with a PDF
homolog (see Fig. 2; Refs 10,13). The wide distribution of
PDF homologs in bacteria suggests that it could provide
the basis for discovering broad-spectrum antibacterial
drugs. Genomic analysis shows that bacteria have at least
one homolog, sometimes two. Often, PDF homologs are in
a dicistronic operon with transformylase; in other bacteria
the PDF gene is elsewhere3.10. All Gram-positive bacteria
that have been examined, and a few Gram-negative bac-
teria, have two homologs. In S. aureus'® and S. pneumoniae!!
only one copy, defB, has the conserved domains associated
with the active site whereas the other copy, defA, does not.
This second copy is frequently not a functional PDF; it is a
deformylase paralog — a homolog gene that codes for a pro-
tein with a different function — with an unknown func-
tion. Genetic analysis in S. aureus and S. pneumoniae has
shown that defB cannot be disrupted in the wild-type

strain, whereas the defA paralog can be disrupted under
laboratory conditions!0. This suggests that defB is an essen-
tial gene that encodes the active deformylase.

The presence and relevance of deformylase in
eukaryotes

Several eukaryotic parasites (e.g. Plasmodium falciparum
and trypanosomal species) and plants'4 have a PDF gene
homolog. Interestingly, the presence of PDF in lower eu-
karyotes yields potential applications of PDF inhibitors in
important diseases, such as malaria or Chaga’s disease4.
The presence of PDF activity in humans has been reported
in relation to the degradation of formyl-peptides of bac-
terial origin in the mucosal barrier of the gut!s but this was
apparently only active on formylmethionine and not
formylated peptides. Although proteins that are synthe-
sized in the mitochondria can be formylated, they do not
appear to have their formyl moiety removed. Recently, a
human expressed sequence tag (EST) was identified that
contained a homolog of PDF, and the corresponding cDNA
was cloned18. The significance of this finding is not clear
but the deduced sequence of this PDF most closely resem-
bles that of a mitochondrial PDF from plant and insect
sources. PDF might have a role in the synthesis of mito-
chondrial proteins in animal and human cells that is yet to
be established. Even if this proves to be true, it does not
invalidate the use of PDF as a bacterial target. Currently,
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Box 1 Box 2

Consensus GXGXAAXQ EGCLS

Escherichia coli G GLAATQ EGCLS

Vibrio cholerae-1 G GLAATQ EGCLS
Haemophilus influenzae G GLAAPQ EGCLS
Pseudomonas aeruginosa-1 G GLAATQ EGCLS
Neisseria gonorrhoeae G GLAATQ EGCLS
Bordetella pertussis-1 GVGLAATQ EGCLS

Vibrio cholerae-2 G GLAAPQ EGCLS
Helicobacter pylori strain 26695 G GLAAIQ EGCLS
Enterococcus faecalis-1 G GLAAPQ EGCLS
Bacillus subtilis def GVGLAAPQ EGCLS
Staphylococcus aureus defA AAGLCAPQ EGSI T
Streptococcus pneumoniae-1 GVGELAAPQ EGCLS
Streptococcus mutans GVGLAAPQ EGCLS
Streptococcus pyogenes-1 GVGALAAPQ EGCLS
Enterococcus faecalis-2 GVGLAAPQ EGCLS
Bacillus subtilis ykrB GVGLAAPQ EGCLS
Staphylococcus aureus defB GVGLAAPQ EGCLS
Mycoplasma genitalium G G AANQ EGCLS
Streptococcus pneumoniae-2 CVGLAANM EGCLS
Streptococcus pyogenes-2 CLGVAANM ESCLS
Bordetella pertussis-2 GVGLAAPQ EGCLS
Pseudomonas aeruginosa-2 GVGLAAPQ EGCLS
Mycobacterium tuberculosis GVGLAANQ EGCLS

not code for a functional deformylase.

Figure 2. Alignment of predicted catalytic domains of deformylase. The availability of
genome sequences for many bacteria has permitted the identification and comparison of
the deformylase gene homologs present. Certain portions of the deformylase gene
sequence are highly conserved and correspond to the catalytic domains of the enzyme.
The three conserved motifs that define the catalytic domain of deformylase are shown.
Position of the motifs in the Esherichia coli protein; Box 1, G44 to Q51; Box 2, E89 to S93;
Box 3, Q132 to G140. The few residues that diverge from the consensus are underlined.
In some cases bacteria have two deformylase genes, both or one of which might code for
a functional enzyme. In the case of Staphylococcus aureus defA, it can be seen that there
are a total of eight changes within the three consensus sequences, not surprisingly it does

Box 3 was subsequently overexpressed in
FEDRG E. coli and the protein product purified
QHEMDHLVG to homogeneity by gel filtration, anion
QHELDHLAG exchange and hydrophobic interaction
$Egt$ chromatographies9.20, The purified
QHELDHLMG protein had low deformylase activity
QHEI DHLDG (Keae/ Ky, = 80 M1 sect with formyl-Met-
$§: &tié Ala-Ser as substrate) and was sensitive
QHEI DHLNG to metal chelators such as 1,10-phen-
?;IEI'VBSLVEE anthroline and EDTA. Examination of
QHE! DHI NG the predicted sequences of the E. coli
QHEI DHTNG PDF revealed the presence of a typical
$E: m ﬁ zinc-binding motif, HEXXH (where X
QHEI DHLNG denotes any amino acid), which is
QHEI DHLNG characteristic of the metallopeptidases.
$EE$IE$ Consistent with this observation, the
QHELDHLEG purified protein contains approxi-
$E%t: g mately one zinc ion per polypeptide.
QHETGHLDG Based on these data, it was concluded

_ that PDF belongs to the zinc-hydrolase

Drug Discovery Today )
superfamily20,

In 1997, Rajagopalan et al.2! reported
that a protein fraction with high PDF
activity (K /K, = 2.9 x 104 m~1 sec?
with formyl-Met-Ala-Ser as substrate)
could be purified under oxygen-free
conditions from E. coli overexpressing
PDF. This highly active PDF contains
one ferrous ion per polypeptide and
was proposed to be the physiological

several approved antibiotics are known to inhibit protein
synthesis in mitochondria (e.g. macrolides, tetracyclines
and chloramphenicol??). Alternatively, the human PDF
homolog could be an ancestral remnant with no function.

Why has so little progress been made with
deformylase until recently?

In the early 1960s, it was established that formylmethionyl-
tRNA initiates bacterial protein synthesiss. However, because
few (if any) mature proteins in E. coli retain formylmethion-
ine, it was suspected that a specific enzyme was responsible
for removal of the formyl group and PDF activity was first
reported by Adams in 1968 (Ref. 18). This study showed
that a protein fraction from E. coli was capable of remov-
ing the formyl group from the nascent protein. However,
subsequent attempts to purify the activity of PDF failed be-
cause it was not stable!8. The inability to purify this en-
zyme prevented further characterization until the cloning
of a deformylase gene, def, in 1993 (Ref. 19). The def gene
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form of the enzyme. The poorly active
Zn2*-containing PDF that had been
purified previously, was postulated to be an artifact of over-
expression. The ferrous-containing PDF had actually been
described in 1995 (D. Groche, PhD thesis, Universitat
Heidelberg, Germany) but the work was not published
until 1998 (Ref. 22). The ferrous-containing PDF is not
stable and can quickly lose its enzymatic activity as a result
of the oxidation of ferrous ion to ferric ion, through con-
tact with atmospheric oxygen?23. The instability of ferrous-
ion-containing PDF explains the failure to purify active
PDF enzyme during the past 30 years. The finding that
nickel can replace the ferrous ion to produce a highly ac-
tive and stable enzyme was a key discovery22.24, because the
extreme lability of the physiological form made its use in
HTS impractical. The ferrous ion of native PDF from over-
producing bacteria can be exchanged directly with a nickel
ion in the presence of an excess of nickel ion. This nickel-
containing PDF is oxygen insensitive and catalytically as
active as the native ferrous-containing PDF (Refs 22,25).
Alternatively, cobalt-containing PDF can be used as an
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active surrogate26. The nickel- and cobalt-containing PDFs
are stable under typical assay conditions and provide a reli-
able form of enzyme for biochemical screening and study-
ing SARs.

These surrogate PDFs paved the way for subsequent re-
search and were used in efforts to discover PDF inhibitors
with antibacterial activity27-35. The first report regarding
the use of PDF as a potential antibacterial drug-discovery
target came in 1998 (Ref. 36).

Discovering inhibitors of PDF

The discovery of novel antibiotics has been largely an em-
pirical screening process; typically, antibacterial activity is
discovered first and the structure of the molecule respon-
sible and the targets involved are established afterwards.
Structure- and mechanism-based drug designs represent
rational approaches. The fact that PDF is a metalloprotease
gives it an added attractiveness as a target for drug dis-
covery. Metalloproteases are among the best studied of
enzyme classes3” and there are excellent precedents for the
mechanism-based design of their inhibitors. Perhaps
the best known metalloprotease inhibitors are those of the
angiotensin-converting enzyme (ACE; Ref. 38), which have
generated billions of dollars in sales for the pharmaceutical
industry as antihypertensive agents. The commercial inter-
est in ACE inhibitors has helped propel the general under-
standing of metalloproteases. Recently, the interest of the
pharmaceutical industry has focused on matrix metallo-
proteases (MMP; Ref. 39), which has further advanced
knowledge of how to design the corresponding inhibitors,
in most cases as potential anticancer agents.

The three-dimensional (3D) structures of various PDFs
have been solved and published, including structures of
enzyme-inhibitor complexes22.34.40-45 The 3D structures
obtained previously were based on the zinc-containing
enzyme but are similar to the structures of more recent
reports using the nickel- or ferrous-containing enzyme40. It
was noted that, although it is a ferrous aminopeptidase
with a primary sequence different from other metallopro-
teases, the environment of the catalytic metal ion in PDF
appears similar to the active sites of thermolysin and the
MMPs (Ref. 42). In the published structure, the metal ion
at the active site of the E. coli PDF is surrounded tetrahe-
drally by the side chains of Cys90, His132, His136 and a
water molecule. In PDF structures with bound inhibitor, a
chelating group replaces this water molecule. In all of the
structures, the metal-binding site is adjacent to a deep hy-
drophobic pocket, which accommodates the methionine
side-chain. The availability of 3D PDF structural information
and its similarity to that of the MMPs (Refs 24,41,42)
makes it possible to perform de novo structure-based design
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Figure 3. A generic PDF inhibitor structure. The transition state
structure corresponds to a formylmethionyl peptide bound to a
ferrous ion at the active site of the deformylase enzyme. In the
generic inhibitor shown, X corresponds to a pharmacophore
that can interact with the metal ion. The pharmacophore is
attached to a molecule mimicking the methionyl peptide
moiety of the normal substrate.

of PDF inhibitors, in addition to the mechanism-based design
approach already mentioned. Based on the mechanistic
and structural information, together with an understand-
ing of the general principles of inhibiting metalloproteases,
a generic inhibitor structure has been proposed (Fig. 3).

In the past few years, several classes of PDF inhibitors
have been reported; their structures and activities are sum-
marized in Fig. 4 and Table 1. Of these different classes of
PDF inhibitors, only biaryl acid and the recently published
thyropropic-acid derivatives3s do not fit the generic in-
hibitor structure shown in Fig. 3. Although all these com-
pounds inhibit PDF activity, most of them do not have
antibacterial activity, presumably because of the weak
potency against PDF and/or the inability to penetrate the
bacterial cell. It is interesting to note that all the com-
pounds with ICg, (or K;) values >1 pm had no antibacterial
activity. By contrast, the three classes of inhibitors that do
have antibacterial activity all contain chelating groups
(i.e. hydroxamate, N-formyl hydroxyl, or thiol). Also shown
in Fig. 4 is actinonin, a naturally occurring antibiotic that
was first isolated in 1962 from an actinomycete4é and was
recently shown to be a PDF inhibitor2s,

Is antibacterial activity a result of deformylase
inhibition?

The fact that a potent PDF inhibitor also inhibits the
growth of an intact bacterial cell does not prove that PDF
inhibition causes the growth defect. Evidence that the
same mechanism of action is involved has come from
several lines of research. One of these methods?® involves
the use of the aforementioned E. coli genetic construct in
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Figure 4. Structures of published PDF inhibitors. The variety of PDF inhibitor structures that
have been described in the literature is shown here. For references, see Table 1.

Table 1. A summary of published peptide deformylase (PDF) inhibitors

Name of inhibitor Ref. 1Cso (Hm) MIC (pg ml-1)
BB3497 33 0.007 4-16 (S. aureus)
(Nickel) 4 (S. pneumoniae)
Actinonin 28 0.0003 (K;) 8-16 (S. aureus)
(Nickel) 8 (S. pneumoniae)
Biaryl acid 49 3.9 NA
(Cobalt)
Peptide aldehyde 50 10.2 NA
(Cobalt)
H-phosphonate 36 37 (K) NA
(Ferrous)
Thiopeptide (Meinnel) 29 2.5 (K) NA
(Nickel)
Thiopeptide (Pei) 30 0.019 (K)) 30-40 (E. coli)
(Nickel) 2.6 (B. subtilis)
B-Solfinylhydroxamic 31 0.1 16 (S. aureus)
acid (Nickel) 32 (S. pneumoniae)
VRC3324 45 0.014 1-2 (S. aureus)
(Nickel) 1 (S. pneumoniae)

Abbreviation: MIC, minimum inhibitory concentration; NA, not applicable; S. aureus, Staphylococcus aureas;
S. pneumoniae, Streptococcus pneumoniae; E. coli, Escherichia coli; B. subtilis, Bacillus subtilis.
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which the sole chromosomal copy of
the def gene is under the control of
the arabinose-regulated P, promoter.
In this case, it was shown that the
susceptibility to PDF inhibitors is
associated with the concentration of
the inducer (arabinose) in the growth
medium, which regulates the amount
of PDF inside the bacterial cell. This
association is absent when testing
antibiotics that inhibit other targets
(Fig. 5). Using another approach, it
has been shown that inactivation of
the fmt genel0.3447 in S. aureus and
E. coli results in resistance to PDF in-
hibitors. These mutants lack active
transformylase, are growth impaired
and are resistant to all antibacterial
compounds that exclusively inhibit
deformylase. A similar effect can be
achieved by growing E. coli in rich
media in the presence of trimetho-
prim and thymine4?. Trimethoprim
inhibits dihydrofolate reductase,
which depletes the tetrahydrofolate
pool. This mimics the fmt mutation
because the lack of available folate
forces protein synthesis to initiate
with methionine that has not been
formylated?2s.

Resistance to deformylase
inhibitors

The frequency and mechanism of re-
sistance to PDF inhibitors have been
explored in S. aureus, E. coli, H. in-
fluenzae and S. pneumoniael0.11.3447 |n
S. aureus and H. influenzae, sponta-
neous mutants occur at frequencies
of 1 x 106 and 1 x 1078, respectively.
In both organisms the mutants har-
bored changes in the transformylase
gene. It was already known that
transformylase is not essential in
E. coli and can provide a genetic back-
ground in which deformylase activity
is no longer required for growth, so it
was not surprising that PDF inhibitors
select resistant mutants with changes
in fmt. Expression of wild-type trans-
formylase in trans, can restore the
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susceptibility of a mutant resistant to PDF inhibitors in
S. aureus?0. As expected, deletion of the fmt gene in S. aureus
also leads to resistance. Transformylase mutants in S. au-
reus, H. influenzae, E. coli or P. aeruginosa all have a slow
growth phenotype, which suggests that protein synthesis
proceeds less efficiently in the absence of the formyl-
ation—-deformylation cycle. The effect of this growth impair-
ment on pathogenicity was tested by using an S. aureus
PDF inhibitor-resistant strain in a murine thigh-abscess
model. Results showed that resistant mutants were signifi-
cantly attenuated compared with the isogenic wild-type
bacteria from which they were derived®0. This diminished
virulence (caused by transformylase inactivation) could
preclude this type of resistance from being selected during
therapy. In the case of S. pneumoniae, the frequency of
resistant mutants is 1 x 10-8. As mentioned previously, the
fmt gene in this species appears to be essential. In keeping
with this finding is the observation that resistance to PDF
inhibitors is a result of mutations in defB and not in fmt
(Ref. 11).

Activity of deformylase inhibitors in vivo

Although the natural product actinonin is a PDF inhibitor
and has in vitro activity against bacteria, it is inactive in vivo?s.
The validation of PDF as an in vivo target was provided re-
cently by two synthetic PDF inhibitors VRC3375 (Ref. 27)
and BB3497 (Ref. 34) through the curing of staphylococcal
septicemia in mice. In both cases, treatments were effec-
tive following administration of the PDF inhibitors by the
intravenous, subcutaneous or oral routes.

VRC3375 is a potent PDF inhibitor (K; = 0.24 nm against
Ni-PDF from E. coli) with a minimum inhibitory content
(MIC) of 1 pg ml-1 against S. aureus. In a mouse model of
staphylococcal septicemia this compound gave EDg, values
(the dose at which 50% of animals survive the infection)
of 32, 17 and 21 mg kg by the intravenous, subcutaneous
and oral routes of administration, respectively. When dosed
orally at 100 mg kg in mice, VRC3375 was rapidly absorbed
and reached a maximum concentration of 45 pg-t ml in
the serum at 15 minutes. The drug was detected at concen-
trations >100 pg mi-t in heart, kidney, lung and muscle
tissue three minutes after injection. In an acute toxicity
study in mice, the single dose LDs, values for VRC3375 were
447, >500 and >500 mg kg~ by intravenous, subcutaneous
and oral routes of administration2? (D. Chen et al., unpub-
lished). This gives an LDg,:EDg, ratio of >20 by the oral
route, and although this is only a crude estimate of the
therapeutic index, it is encouraging.

In a separate study, BB3497, another potent PDF inhibitor
(IC5, = 7 nm against Ni-PDF from E. coli) with an MIC of
4 pg ml-t against S. aureus, exhibited good efficacy in a similar
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Figure 5. Actinonin inhibits bacterial growth through the
inhibition of deformylase. Actinonin is a potent inhibitor of the
deformylase enzyme and bacterial growth. To prove that
deformylase inhibition was responsible for inhibition of bacterial
growth, the susceptibility of an E. coli genetic construct with def
under the control of the arabinose promoter was used. In this
construct, altering the concentration of arabinose in the
medium can regulate the concentration of deformylase inside a
cell. At high concentrations of arabinose, the bacteria become
resistant to actinonin (red circles) and at low concentrations
they become more sensitive. Because high and low inducer
concentrations correspond to high and low deformylase inside
cells, this shows that it is inhibition of deformylase that inhibits
bacterial growth. Other antibiotics that inhibit growth through
different mechanisms not involving deformylase do not show
any significant change in their effects at different arabinose
concentrations: for example, fosfomycin (green circles) and
ciprofloxacin (blue triangles). Reproduced, with permission,
from Ref. 28 (copyright American Chemical Society).

staphylococcal septicemia model, giving EDg, values of 7
and 8 mg kg by intravenous and oral routes of adminis-
tration. BB3497 was also rapidly absorbed following oral
administration to rats at a dose of 100 mg kg, reaching a
maximum concentration of 24 pg mi-1 in the serum. By
contrast, at 50 mg kg1 no actinonin can be detected in the
blood, explaining why it had failed to show activity in earlier
experiments34,

Conclusions and future directions

In choosing an ideal target for the discovery of drugs that
directly kill or inhibit the growth of bacteria, there are sev-
eral important criteria to be considered. Bacterial PDF satis-
fies the majority of these: it is an essential enzyme, it is
present in all clinically relevant bacteria and it is highly
conserved. Although PDF has no role in mammalian cyto-
plasmic-protein synthesis, the recent identification of a
human def gene homolog requires further study to better
understand the potential impact of this homolog on the
selectivity of PDF inhibitors. Information concerning the
biochemical mechanism and structure of bacterial PDF
is available and will be of great value in drug design.
Information regarding the safety of PDF inhibitors is
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awaited with interest and will require multiple dose tox-
icity studies in animals. The recent successful treatment
of bacterial infections in an animal model using PDF in-
hibitors validates the use of this enzyme as a novel drug
target. Based on the properties of the lead compounds,
mainly their oral bioavailability, low frequency of resistance
and good activity against common upper-respiratory patho-
gens (e.g. S. pneumoniae, H. influenzae and M. catarrhalis), one
can envisage the development of a new antibiotic for com-
munity use. The use of PDF inhibitors as effective agents in
the hospital setting remains open. The most frequent Gram-
positive nosocomial species, S. aureus, shows a high fre-
quency of resistance to this class of compounds, although
the resistant mutants have attenuated virulence and might
not emerge in a clinical setting.

The successful development of PDF inhibitors would add
a new class of antibacterials to the shrinking arsenal of
antibiotics available for the treatment of infections by
resistant organisms.
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