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Abstract

To overcome antibiotic resistance in pathogenic microorganisms, research work is being directed towards finding
alternative targets in bacteria towards which novel antibiotics can be designed. One of the targets is cell-to-cell
communication pathway, also called quorum sensing which is promising since it controls the expression of viru-
lence genes. Another possible target is the segregation apparatus that is present in low copy number plasmids
that may contain antibiotic resistance genes. Cellular elements that function in division or maintain the shape of
the micro-organisms may be also used as alternative targets to affect cytokinesis or cause abnormalities in shape,
which can or may lead to cell lysis. Additionally, certain metabolic pathways present in microbes do not exist in
mammals and, therefore, may be exploited as novel targets without affecting the human host. Screening of ligands
or chemical compounds from natural products may be useful in finding inhibitors acting on the above-mentioned
cellular components, and it may lead to the design of future antibiotics. 
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Introduction

The widespread occurrence of antibiotic resistance
in developing countries is due to several reasons, but
mainly due to the use of antibiotics without prescription
in countries like Sudan, Brazil, and Bangladesh (Morgan
et al., 2011). Among poor people, sharing of prescribed
antibiotics with other patients, not completing the
course of treatment and obtaining drugs from untrust-
worthy drug sellers or suppliers also contribute to the
increase in antibiotic resistance. In a study conducted in
Vietnam on ciprofloxacin, an antibiotic, it was found that
only 20 mg was present in a 500 mg capsule, illustrating
the extent of the problem connected to untrustworthy
drug supplies (Hart and Kariuki, 1998).

Micro-organisms develop resistance to antibiotics by
various mechanisms. Staphylococcus aureus produces
the enzyme pencillinase that destroys the β-lactam ring
present in penicillin, inhibiting cell wall synthesis (Bush,
2013). Pathogens can add chemical modifications to anti-
biotics, e.g., perform acetylation of chloramphenicol or
phosphorylate aminoglycosides that target the synthesis
of proteins at the ribosome level, which renders them

inactive as seen in the case of Providencia stuartii, En-
terococcus faecium, and Serratia marcescens (Ramirez
and Tolmasky, 2010; Wilson, 2014). Bacteria can also
develop efflux systems capable of pumping antibiotics
out of the cells like that found in Escherichia coli, which
pumps tetracycline out (Piddock, 2006). Mutations in
bacterial genomes are yet another way of gaining anti-
biotic resistance; e.g., point mutations in the rpoB  gene
of E. coli confers resistance to rifamycin, an antibiotic
acting by inhibiting DNA-dependent RNA polymerase
(Goldstein, 2014). A study of bacteria isolated from
burns and wounds of patients from Iraq showed that 64
isolates of Pseudomonas aeruginosa  were 100% resi-
stant to Aztreonam, piperacillin, carpenicillin, cefepime,
cefixime, cephalexin, ceftriaxone, cefotixime, ceftazi-
dime, trimethoprim, and co-trimoxazole (Hussein et al.,
2017). In India, a study of 922 pathogenic bacteria
(Pseudomonas spp., Aceinetobacter spp., Klebsiella
spp., E. coli, and Enterobacter spp.) was conducted in
the tertiary trauma care center where the antibiotic re-
sistance rates were measured. The isolates were resi-
stant to carbapenems, aminoglycosides, flouroquinolones,
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third generation cephalosporins, β lactam β-lactamase in-
hibitor combinations in percentages of 50, 66, 76, 88 and
63%, respectively (Behera and Mathur, 2011). 

Many approaches are currently used to find new
targets for which new antibiotics are developed. Poly-
prodrug antimicrobials were suggested as new anti-
biotics (e.g., triclosan repeated units) for methicilin resi-
stant S. aureus. These act by damaging the bacterial cell
membrane (Cao et al., 2018). Culp and Wright (2017)
suggested bacterial proteases as molecular targets since
proteases have important roles in bacterial biochemistry
and physiology. This review outlines new molecular tar-
gets for which antibiotics could be developed to elimi-
nate microbes resistant to currently available drugs.

Quorum sensing as an antivirulence target

Bacteria can respond to environmental stimuli by re-
leasing molecules called autoinducers in a cellular signal-
ing pathway referred to as quorum sensing. When cell
density of microorganisms increases, signal molecules
also increase in concentration as a function of cell den-
sity, and initiate the transcription of target genes, ena-
bling the microorganisms to adapt to the environment
(Miller and Bassler, 2001). The quorum sensing system
was first described in the bioluminescent Vibrio fischeri,
a marine bacterium which lives in a symbiotic relation-
ship with marine fish and squids producing light. Bio-
luminescence is facilitated by the action of two regula-
tory proteins LuxI and LuxR on luciferase structural ge-
nes (Fuqua and Greenberg, 2002). 

Four basic types of quorum sensing have been descri-
bed: a) LuxI/LuxR homologs, b) the LuxS/Autoinducer-2
system, c) catecholamines as signal molecules, as in
Salmonella and Shigella species, and d) accessory gene
regulator as in S. aureus (Asad and Opal, 2008). In the
Serratia species, the LuxI/R homolog quorum sensing
system is present; SprI/SprR account for the production
of lipase, nuclease, chitinase. and protease (Van Houdt
and Michiels, 2005). In S. marcescens, another homolog
system, SmaI/SmaR is responsible for bacterial motility,
haemolytic activity, biofilm formation, synthesis of carba-
penem, prodigiosin, caseinase, and chitinase (Thomson
et al., 2000; Coulthurst et al., 2006). Pectobacterium ca-
rotovorum, a plant pathogen causing soft rot diesease,
uses 3-oxo-hexanoyl homoserine lactone, and 3-oxo-oc-
tanoyl homoserine lactone as LuxI/LuxR homologs to

control the secretion of cell wall tissue cellulases, pro-
teases, and pectin lysis enzymes to damage crops and ve-
getables (Barnard and Salmond, 2007; Liu et al., 2008).
Joshi et al. (2016) suggested that eugenol and carvacrol
can interfere with the quorum sensing system, ExpI/
ExpR in pectobacteria. These two phenolic compounds
caused a substantial decrease in biofilm formation and
inhibited the activity of tissue degrading enzymes, pe-
ctate lyase, protease, and polygalacturonase. 

Much research was carried out (reviewed in detail by
Moghaddam et al., 2014) to find inhibitors that act on
the complicated circuit of quorum sensing present in
P. aeruginosa which contains more than one LuxI/R ho-
molog with positive and negative regulators. Extracts of
Panax ginensing eliminated pneumonia in tested animals
caused by P. aeruginosa via its effects on virulence fac-
tors since it is involved in the reduction of the produc-
tion of autoinducers LasA and LasB (Song et al., 2010).
Vandeputte et al. (2011) analyzed the activity of various
flavonoids on the quorum sensing of P. aeruginosa. This
study has shown that: a) naringenin, taxifolin, and erio-
dicytol decreased both, the pyocyanin production and
the activity of elastase, b) the expression of lasI, lasR,
rhlI, rhlR, lasB, rhlA, and phzA1 genes was affected by
both taxifolin and naringenin, c) naringenin inhibited the
synthesis of the autoinducers of both systems LasI/R
and RhlI/R, d) lasI and rhlI deficient mutants had a mal-
functioning RhlR-inducer complex as well as low level of
inducer synthesis. 

Plasmid partition systems

Plasmids are extrachromosomal DNA molecules pre-
sent in microbes which code for certain genes like anti-
biotic resistance genes and, in certain cases, virulence
genes (Austin and Sengupta, 2011). Therefore, plasmids
may serve as potential targets for developing antibiotics.
Low copy number plasmids rely on partition systems to
ensure that each new daughter cell of the bacterium re-
ceives a copy of a plasmid molecule (Baxter and Funnell,
2014). The plasmid partition system is composed of
a centromere-like site and two proteins. The first protein
is the DNA binding molecule (designated ParB) which
binds to the centromeric site and acts where the segre-
gation apparatus is formed; the second protein, usually
designated ParA, has an ATPase or GTPase activity and
provides energy for plasmid molecules to be located at
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the opposite sides of the cell (Ebersbach and Gerdes,
2005; Baxter and Funnell, 2014).

Partition systems or the segregation apparatus can be
divided into three types. Type I system is characterized by
the presence of Walker ATPases, such as those of the vi-
rulence plasmids, e.g., pWR501 of Shigella flexneri (Ser-
gueev et al., 2005). Type II system contains a protein with
an actin-like fold, possessing ATPase activity such as that
found in plasmid R1 isolated from E. coli (Salje et al.,
2010). Type III system contains proteins with tublin-like
fold, possessing GTPase activity (Larsen et al., 2007).
Type I segregation systems can be subcategorized into
two types, designated Ia and Ib. Type Ia ParA and ParB
proteins were shown to be composed of 321–420 and
312–342 amino acid residues, respectively, whereas type
Ib ParA and ParB possess 192–308 and 46–131 amino
acids, respectively. Type Ia ParA proteins have both
segregation and transcription autoregulation of their
partition operons; hence, the helix-turn-helix DNA-bin-
ding domain is located at the N-terminal and composed
of 108–130 amino acid residues. In contrast, the helix-
turn-helix DNA-binding domain is present in ParB pro-
tein of type Ib and, therefore, functions as a transcriptio-
nal regulator. The location of the centromere in the type
Ia segregation system is downstream of the operon,
where as it is upstream in type Ib (Gerdes et al., 2000). 

Streptococcus pyogenes contains the Ib partition sy-
stem present on pSM19035 plasmid (Ceglowski et al.,
1993). This system is composed of Delta 2, a ParA ana-
log possessing Walker ATPase, and since it is as dimer,
it has been designated as δ2. The centromere binding
protein, which is also a dimer, called Omega 2 and de-
signated ω2, binds two sets of three parS centromeric
sites. The δ monomer structure has been shown to con-
tain eight β-strands surrounded by twelve α-helices (Ce-
glowski et al., 1993; Pratto et al., 2008). Omega (ω2)
controls the partition system by binding to promoter re-
gions upstream of copS, delta and omega genes. These
regulatory regions have the 5N!WATCACW!3N sequence
organized as 10, seven and nine times repeated hepa-
tads, with deferent directions. Omega 2 also regulates
the expression of the ω!ε!ζ operon involved in the
regulation of the toxin-antitoxin system and the copS
gene which regulates the number plasmid copies (de la
Hoz et al., 2000; Zielenkiewicz and Ceglowski, 2005).

The parMRC, a type II partition system, was dis-
covered in the multiresistant plasmid R1 in E. coli, the

pSK41 plasmid in S. aureus and on the pB171 virulence
plasmid of E. coli (Ebersbach and Gerdes, 2005; Popp
et al., 2010; Salje et al., 2010). The motor protein, de-
signated ParM is an actin-like molecule with ATPase
activity whereas the centromere-binding protein is re-
ferred to as ParR, and functions as a repressor of the
segregation system. The centromeric locus, parC  is
composed of ten 11 bp repeated nucleotide sequences
located in two clusters. Each cluster is formed by five
repeated-nucleotide sequences on each side at !10 and
!35 positions of the partition promoter region (Dam and
Gerdes, 1994). ParM structure of pSK41 consists of ten
α-helices and 13 β-strands. ParR of pB171 has two mono-
mers and appears as an asymmetric unit since there is
a short α-helix in one monomer (Møller-Jensen et al.,
2007; Popp et al., 2010).

The plasmid pBtoxis was isolated from Bacillus thurin-
giensis and contains the type III partition system. This sy-
stem consists of TubZ, a tubulin-like protein that poly-
merizes into filamentous structures exploiting GTPase
activity, and the centromere binding protein (TubR) ac-
ting on tubC, the centromeric region which consists of 48
base-pairs arranged as four repeated sequences (Tang
et al., 2006, 2007; Aylett and Löwe, 2012).

Two drugs phenoxybenzamine and octoclothepin sup-
pressed the ATPase activity of ParA in Mycobacterium
tuberculosis. Phenoxybenzamine decreased 50% of the
ATPase activity at a concentration of 250 μM, while
octoclothepin caused a 20% reduction in the ATPase
activity at 25 μM suggesting that these compounds may
interact with the active site of the ParA molecule (Nisa
et al., 2010). In silico homology modeling and molecular
docking studies on ParF, a type Ib portioning protein,
suggested that amentoflavone, hinokiflavone rutin, vice-
nin, silybin, and scutellarin had binding affinities towards
the ATP active site (Al-Khayyat and Al-Dabbagh, 2015). 

Bacterial cytoskeleton

Bacterial cytoskeleton elements could also serve as
molecular targets to combat infections. These elements
are subdivided into four classes: a) actin-like elements
such as MreB, FtsA and ParM, b) Tubulin-like elements
such as FtsZ, TubZ, RepX, ButbA and ButbB, c) Walker
A ATPases designated WACA like MinD, ParA and ParF,
and d) intermediate filaments like crescentin, CreS
(Wickstead and Gull, 2011).
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MreB possesses an actin-like fold with ATPase acti-
vity (van den Ent et al., 2010). MreB with RodZ is res-
ponsible for the normal rod shape of bacteria such as
E. coli and Caulobacter crescentus. MreB forms poly-
mers, arranged spirally under the cytoplasmic mem-
brane to allow for the expansion of the cell during the
peptidoglycan synthesis (van den Ent et al., 2010). Iwai
et al. (2002) found that a compound called S-(3,4-di-
chlorobenzyl)isothiourea exhibited a bactericidal effect
on E. coli at a minimum inhibitory concentration of
3.1 μg/ml. Spherical cells with variable sizes and without
nucleus appeared when subjected to 10 μg/ml of this
compound. Bean et al. (2009) suggested that this com-
pound is a competitive inhibitor of ATP because its
binds the highly conserved amino acids Glu131 and Thr158,
occupying the binding regions of the phosphate groups.

According to Löwe and Amos (1998), filamentous
temperature-sensitive mutant Z denoted as FtsZ is
a dimer and is composed of two domains linked by an
α-helix which contains 23 residues. The N-terminal por-
tion of each monomer starts from residue 38 to 227 of
the six β-strands arranged in a parallel manner with two
or three α-helices on each side. The C terminal portion
starts from 228 to 356, and contains four β-sheets in
parallel and two α-helices. GTP binds FtsZ at the active
site where GTP hydrolysis stimulates FtsZ molecules to
polymerize and form a ring structure referred to as the
Z-ring. The Z-ring recruits about ten other proteins to
form the divisome complex that plays an important role
in the formation of a septum in the middle of the cell, an
essential step in cytokinesis (Errington et al., 2003;
Adams and Errington, 2009).   

Interfering with the FtsZ function, i.e., polymeriza-
tion or the GTPase activity can seriously affect bacterial
division and lead to cell death (Loose and Mitchison,
2014). Therefore, researchers are working to find inhibi-
tors of FtsZ. Chemicals, and some natural compounds,
which were proposed to have such action, are reviewed
in detail in Vollmer (2006). Measurement of the level of
FtsZ polymerization by light scattering assays showed
that trans-cinammic acid has the highest level of inhibi-
tion among caffeic acid, naringenin, and eugenol. and
4-formyl cinnamic acid tested (Rastogi et al., 2008). Ten
coumarins were tested in a study aiming to inhibit
GTPase and polymer assembly functions of FtsZ. Scopo-
letin and daphnetin inhibited 50% of GTPase activity at
concentrations of 22 and 57 μM, respectively. Scopoletin

inhibited 50% of FtsZ polymerization at 41 μM while da-
phentin required 72 μM to achieve the same effect (Dug-
girala et al., 2014). Resveratrol possesses antibacterial
activity resulting from: a) inhibition of the formation of
the Z-ring since it reduces FtsZ genetic expression, b)
changes in the morphology of the bacteria which become
elongated as a consequence of a dysfunction in septum
formation, c) chromosome damage, d) induction of the
SOS response, and e) increased production of reactive
oxygen species (Hwang and Lim, 2015). 

Den Blaauween et al. (2014) suggested that other
components of the divisome complex can also be exploi-
ted as targets in antimicrobial design, e.g., FtsEX, FtsW,
FtsQLB, FtsA, ZipA and ClpP. Formation of the Z-ring
requires FtsA to stabilize or anchor the ring into the
cytoplasmic membrane and its C-terminal α-helix is es-
sential to perform this role. Loss of FtsZ activity results
in a formation of long filament-like bacterial cells that
cannot divide. The depletion of FtsA disturbs the pro-
cess of septum formation, which causes elongated cells
to appear with the assembly of several Z-rings, without
the ability to complete the septum formation. Further-
more, the overall absence of FtsA leads to Z-ring as-
sembly at different locations and cellular swelling, and
lysis at the end (Pichoff and Lutkenhaus, 2005; Mura
et al., 2017). The interaction interface between FtsA-
FtsZ may be used as a molecular target in the develop-
ment of new antibacterials since FtsA interacts with the
FtsZ and most other divisome components are recruited
to the FtsZ ring through FtsA activity (Errington et al.,
2003). Two compounds, namely, 3-(2-indolyl) piperidine
and Indolo[2,3-a]quinolizin-7-one were tested and the re-
sults showed that they inhibited the interaction of the
ZipA-FtsZ (Sutherland et al., 2003; Jennings et al., 2004).
Paradis-Bleau et al. (2005) performed a study on P. aeru-
ginosa and found that five short peptides, in concentra-
tions ranging between 0.7–35 mM, disturbed 50% of the
FtsA ATPase activity. 

Shikimate acid pathway

The shikimate acid pathway (Fig. 1) is found in bac-
teria, parasites and plants but not in humans thus, it can
be an excellent target for antimicrobials. This pathway
is involved in the production of aromatic amino acids
– tryptophan, tyrosine, and phenylalanine (Gasser et al.,
1988; McDevitt et al., 2002). A library of 139 com-
pounds was screened to identify inhibitors targeting
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Fig. 1. Shikimate acid pathway. Abbreviations: Glu – glutamate, Gln – glutamine, Pyr – pyruvate, GAP – glyceraldehyde-3-phos-
phate, PRPP – 5-phosphoribosyl-1-pyrophosphate, PEP – phosphoenolpyruvate, "-KG – α-ketoglutarate; enzymes: (1) 3-deoxy-D-
arabino-heptulosonate 7-phosphate synthase, (2) 3-dehydroquinate synthase (3) 3-dehydroshikimate dehydratase (4) shikimate
dehydrogenase (5) shikimate kinase (6) 5-enolpruvyl-shikimate-3-phosphate synthase (7) chorismate synthase (8) chorismate
mutase (9) prephenate dehydrogenase (10) prephenate dehydratase (11) transaminase (12) anthranilate synthase (13) anthra-
nilate phosphoribosyl transferase (14) phosphoribosyl-anthranilate isomerase (15) indole-3- glycerol phosphate synthase (16)

tryptophan synthase. Reproduced with permission from BioMed Central Ltd. (Báez-Viveros et al. (2007)

3-dehydroquinate dehydratase, one of the enzymes of
the shikimate pathway, in E. faecalis which catalyzes the
formation of 3-dehydroshikimate. The flavonoids that in-
hibited the enzyme were: gossypin, rutin, homoorientin,
luteolin-3N, 7-diglucoside, luteolin-7-glucoside, and rhoi-

folin. These flavonoids, however, did not affect the
growth of the micro-organism while datiscetin and na-
ringenin had this action. Marein, a chalconoid, inhibited
the enzymatic activity of 3-dehydroquinate dehydratase
and inhibited the growth of the pathogen. 7-hydroxy-
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coumarin and aesculin, belonging to coumarins, also
inhibited the enzyme activity (Cheung et al., 2014).

Shikimate dehydrogenase is responsible for the con-
version of 3-dehydroshikimate to shikimate. Five sub-
stances were able to inhibit shikimate dehydrogenase as
shown in the study of Han et al. (2006). These were: a)
curcumin, b) 3-(2-naphthyloxy)-4-oxo-2-(trifluoromethyl)-
4H-chromen-7-yl 3-chlorobenzoate, c) butyl 2-{[3-(2-
naphthyloxy)-4-oxo-2-(trifluoromethyl)-4H-chromen-7-
yl]oxy} propanoate, d) 2-({2-[(2-{[2-(2,3-dimethylanilino)-
2-oxoethyl]sulfanyl}-1,3-benzothiazol-6-yl)amino]-2-
oxoethyl} sulfanyl)-N-(2-naphthyl)acetamide, and e) mae-
saquinone diacetate. These showed 50% inhibitory con-
centrations of 15.4, 3.9, 13.4, 2.9, and 3.5 μM, respecti-
vely. The first, second and fifth compounds also inhibi-
ted also the growth of Helicobacter pylori  at minimum
inhibitory concentrations of 16, 16, and 32 μg/ml, res-
pectively. Peek et al. (2014) screened about 5500 com-
pounds to find inhibitors of shikimate dehydrogenase for
P. putida, and found that two compounds, epigallocate-
chin gallate and epicatechin gallate, in concentrations of
3 and 3.7 μM, respectively, were able to inhibit 50% of
the enzyme activity.

Shikimate kinase (SK) produces shikimate-3-phos-
phate by addition of a phosphate group to the shikimate.
Two compounds, 1,3-methoxy-4-{[2-({2-methoxy-4-[(4-
oxo-2-thioxo-1,3-thiazolidin-5-ylidene)methyl] phenoxy}
methyl) benzyl]oxy}benzaldehyde, and 5-bromo-2-(5-{[1-
(3,4-dichlorophenyl)-3,5-dioxo-4-pyrazolidinylidene]
methyl}-2-furyl)benzoic acid), in 5.5 and 6.4 μM concen-
trations, respectively, inhibited 50% activity of the shiki-
mate kinase of H. pylori  (Han et al., 2007). A molecular
docking study carried out on chorismate synthase of
Listeria monocytogenes by Hossain et al. (2015) revea-
led four compounds with binding affinities to this en-
zyme: a) chromopyrrolic acid, b) N-(3-chlorophenyl)-N-
methyl-2-oxo-3-[(3,4,5-trimethyl-1H-pyrrol-2-yl) methyl] -
2H-indole-5-sulfonamide, c) Salpha,10alpha,17beta)-17-
[(4-hydroxyphenyl)carbonyl] androsta-3,5-dien-3-carboxy-
lic acid, and (d) N-[5-(1,1-dioxidoisothiazolidin-2-yl)-1H-
indazol-3-yl]-2-(4-piperidin-1-yl phenyl) acetamide.

Isoprenoid biosynthesis

Isoprenoids constitute a large family of 35 000 com-
pounds involved in many functions such as cell wall bio-
synthesis, hormone processes of signaling and photo-

Fig. 2. Non-mevalonate pathway for isprenoid synthesis. Enzy-
mes are (1) 1-deoxy-D-xylulose-5-phosphate synthase, DXS, (2)
1-deoxy-D-xylulose-5-phosphate reductoisomerase, IspC, (3) 4-di-
phosphocytidyl-2-C-methyl-P-erythritol synthase, IspD, (4) 4-di-
phosphocytidyl-2-C-methyl-P-erythritol kinase, IspE, (5) 2-C-me-
thyl-D-erythritol 2,4-cyclodiphosphate synthase, IspF, (6) 4-hy-
droxy-3-methyl-but-2-enylpyrophosphate synthase, IspG, (7) 4-hy-
droxy-3-methyl-but-2-enylpyrophosphate synthase, IspH. Modi-
fied with permission of PLoS ONE (Tidten-Luksch et al., 2012)

synthesis, electron transport, transcription, and post-
translational events, synthesis of glycoprotein, break-
down of protein and meiotic division (Hunter, 2007;
Heuston et al., 2012). The synthesis of isoprenoids takes
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place via two metabolic pathways, the mevalonate path-
way and the non-mevalonate pathway, also known as
a mevalonate-independent pathway (Lange et al., 2000).
The mevalonate pathway starts which the condensation
of acetyl-CoA and acetoacetyl-CoA to form 3-hydroxy-3-
methylglutaryl-CoA which is converted to mevalonate via
a reduction step. It is present in eukaryotes including
plants, fungi, mammals, archaea and some Gram-positive
bacteria like S. aeurus, S. pneumoniae, and E. faecalis
(Goldstein and Brown, 1990; Hunter, 2007; Wilding
et al., 2000). The independent pathway (Fig. 2) starts
with the reaction of glyceraldehyde-3- phosphate with py-
ruvate to form 1-deoxyxylulose-5-phosphate. This path-
way is present in many Gram-negative bacteria and some
Gram-positive bacteria (Lange et al., 2000). 

Fosmidomycin can inhibit the enzyme 1-deoxy-D-xylu-
lose-5-phosphate reductoisomerase, designated as IspC
in malarial parasites (Jomaa et al., 1999) since it con-
tains a phosphonate group instead of the phosphate
group in 1-deoxy-D-xylulose-5-phosphate, the substrate
of this enzyme. Structural analogs were investigated by
modifications of the phosphonate and hydroxamate
groups or substitution of the aliphatic chain with an aro-
matic ring (Lienau et al., 2015). The enzyme 4-diphos-
phocytidyl-2-C-methyl-D-erythritol synthase, IspD cata-
lyzes the conversion of 2-C-methyl-D-erythritol-4-phos-
phate to 4-diphosphocytidyl-2-C-methyl-D-erythritol by
the addition of a phosphate group from cytidine-3-phos-
phate (CTP). Natural products called pseudilins were
found to inhibit this enzyme via binding the CTP site, in
experiments carried on Plasmodium vivax  (Kunfermann
et al., 2014).

Conclusions

Searching databases for experimental compounds
and natural products can assist in identifying possible
inhibitors of these new molecular targets in bacteria.
Elements of cytoskeleton and metabolic pathways that
are unique to bacteria could be a target for new antibio-
tics to overcome resistance issues. The new antibiotic
discovery process should be accompanied by a study of
pharmacokinetics and pharmacodynamics, together with
animal studies, to explore the usefulness and adverse
effects of the compounds proposed to be used in anti-
microbial chemotherapy.
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