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Antibiotic resistance is an endemic problem within
hospitals worldwide, and is becoming an increasing
problem within the general community. Traditionally,
physicians and the public have relied on the belief that as
bacteria acquired resistance to one antibiotic, new drugs
would be made available that could be used to combat
those infections. The appearance of vancomycin-resistant
Enterococcus (VRE) infections in the 1990s, combined
with the withdrawal of funding for antimicrobial drug
discovery and development by big Pharma, has led to
the realisation that we can no longer assume that all
infections can be treated with a ‘magic bullet’. Recent
years have seen the emergence of infections that are
resistant to all clinically available antibiotics, including
newly released drugs such as tigecycline 2. The cupboard

is bare. Or at least it is heading that way.

Fear not, all is not lost! There is a considerable amount of activity
in molecular microbiology labs worldwide directed towards
the establishment of new targets for antibiotic development,
with some very promising drugs in the pipeline. Traditionally,
enzymic reactions such as those involved in cell wall synthesis
(e.g. penicillin), ribosome activity (e.g. tetracycline) or DNA
topology (e.g. quinolones) have been targets of successful clinical
antibiotics. Many of the new generation anti-microbials are
derivatives of these drugs (tigecycline is a modified tetracycline),
which may account for the perception that antimicrobial
development is fulfilling the law of diminishing returns. However,
an area receiving increasing attention in all areas of drug design,
including antimicrobials, is the targeting of protein-protein
interactions, and this is being greatly aided by extensive molecular

microbiology experience with model organisms.

Cell division, DNA replication and transcription are essential
processes dependent on extensive protein-protein interactions
that involve many proteins unique to bacteria. Hence they
offer outstanding opportunities for targeting protein-protein
interactions for new approaches to antimicrobial development.
Cell division complexes contain several highly conserved
elements across the eubacterial kingdom (e.g. the tubulin
homologue FtsZ), as well as some restricted to a much smaller
range of distribution 3. Many cell division proteins are also
extracytoplasmic, making them excellent targets for validation
as any potential drug does not need to cross the cytoplasmic
membrane to gain access to its target. DNA replication requires
a complex and dynamic assembly of proteins to ensure the
catalytic subunits are able to progress rapidly and processively
throughout the replication cycle, and protein-protein interactions
are involved in the coordination of many essential processes
such as lagging strand priming, replication fork progress, single
strand capture during lagging strand synthesis, and coupling of

leading and lagging strand synthesis *.

Likewise, there are many essential protein-protein interactions in
transcription, the best characterised being the interaction of the
initiation ¢ factor with RNA polymerase that ensures transcription
starts at the correct location upstream of a gene ®. Transcription
factors are also required for the efficient production of rRNA,
coupling transcription and translation, coupling transcription

with DNA repair, and efficient termination °.

There is much we do not yet understand about the dynamic
assembly and disassembly of these various complexes, as well as
whether we have identified all the protein actors. By undertaking
comprehensive protein-protein interaction studies on these
essential processes, we will gain a greater understanding of
microbial biology, and also identify potential new ‘Achilles heels’

for antimicrobial development.

In addition to identifying novel proteins, it is also essential to
understand the molecular events in the assembly of multi-protein
complexes. Cell division in nearly all bacteria requires the activity
of the tubulin homologue FtsZ, a GTPase that polymerises into a
ring at mid cell; this ring represents the earliest detectable sign
that cell division has been initiated. The FtsZ ring then constricts
concomitantly with cytoplasmic membrane invagination and
septum synthesis (Figure 1). FtsZ-FtsZ and FtsZ-division protein
interactions are required to ensure the success of this process.

Coccoid cells such as those produced by Staphylococcus aureus
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only synthesise peptidoglycan when forming division septa, and
so cell division is also essential for growth in such organisms. If
FtsZ ring formation or constriction is prevented in rod-shaped
cells, they only survive three to four generations until they die by

cell lysis (Figure 1).

For other bacteria such as S. awureus, cell division is the

sole mode of cell growth so antibiotics targeting cell division
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Figure 1. Inhibition of cell division leads to death. FtsZ
forms a ring at mid cell early in the division cycle. Extensive
interactions with other cell division proteins are required for
the formation of a functional division apparatus. If FtsZ ring,
or assembly of the division complex is blocked, rod-shaped
cells form filaments which ultimately lyse.

U

L I——
N\ = B

RNA

£ A

RNA polymelgé

Figure 2. Targeting assembly of transcription complexes. RNA
polymerase interacts with a ¢ factor in order to correctly
initiate transcription. Prevention of formation of an initiation
complex through inhibition of the interaction of ¢ with RNA
polymerase will lead to a cessation of transcription and cell
death.

will be bactericidal. Several compounds from both natural
libraries and made through rational design that inhibit FtsZ ring
formation have now been identified ”#. These compounds hold
promise for development of a completely new class of effective

antimicrobials.

Another essential protein-protein interaction showing promise as
a target is that between RNA polymerase and its initiation factor ¢
(Figure 2). If RNA polymerase is unable to interact with o, it cannot
initiate transcription and cells die. Crystal structures of RNA
polymerase in complex with 6° indicate that there are extensive
contacts across a large interface, which might not traditionally be
considered a good target. Nevertheless, Andre et al. * identified
a series of small molecules that inhibit the RNA polymerase-G
interaction, indicating that even an extensive interaction surface
can be effectively targeted. Ribosomal assembly is also being
targeted for drug development '] as is the assembly of the DNA

replication apparatus (Figure 3 '%).

Further understanding of essential processes in model organisms
such as the Gram-negative E. coli and Gram-positive B. subtilis
is crucial for the success of this type of work because of the
vast amount of information already available on them, our
general expertise in manipulating them genetically, and the large
collections of strains available in private and public collections.
To gain a comprehensive understanding of similarities and
differences among these processes across the eubacteria,
additional models need to be explored, such as the highly
tractable Acinetobacter baylyi . There is ample evidence that
molecular microbiology research projects utilising carefully
chosen model organisms can provide important information, not
just on the fundamental aspects of biological processes, but also
on the validation of targets for the development of desperately

needed antibiotics.

Figure 3. Inhibition of the interaction of the $3-clamp with DNA
polymerase III holoenzyme. DNA polymerase III holoenzyme
requires interaction with the 8-clamp in order to assemble
on DNA to initiate DNA replication. Inhibition of this process
leads to cell death due to lack of chromosome replication.

96

MICROBIOLOGY AUSTRALIA » MAY 2009



Lab Reports

References

1.

Iredell, J. et al. (2007) Tigecycline resistance in Australian antibiotic-resistant

Gram-negative bacteria. J. Antimicrob. Chemother. 59, 816-818.

Arias, C.A. & Murray, B.E. (2009) Antibiotic-resistant bugs in the 21st century--a

clinical super-challenge New Eng. J. Med. 360, 439-443.

Harry, E. et al. (2006) Bacterial cell division: the mechanism and its precison.

Int. Rev. Cytol. 253, 27-94.

Schaeffer, PM. et al. (2005) Protein--protein interactions in the eubacterial

replisome. IUBMB Life 57, 5-12.

Murakami, K.S. & Darst, S.A. (2003) Bacterial RNA polymerases: the wholo

story. Curr. Opin. Struct. Biol. 13, 31-39.

Lewis, PJ. et al. (2008) Transcription factor dynamics. Microbiology 154, 1837-

1844.

Haydon, D J. et al. (2008) An inhibitor of FtsZ with potent and selective anti-

staphylococcal activity. Science 321, 1673-1675.

Lock, RL. & Harry, EJ. (2008) Cell-division inhibitors: new insights for future

antibiotics.Nat. Rev. Drug. Discov. 7, 324-338.

10.

11.

12.

13.

Vassylyev, D.G. et al. (2002) Crystal structure of a bacterial RNA polymerase
holoenzyme at 2.6 A resolution. Nature 417, 712-719.

Andre, E. et al. (2004) A multiwell assay to isolate compounds inhibiting the
assembly of the prokaryotic RNA polymerase. Assay Drug Dev. Technol. 2, 629-
635.

Maguire, B.A. (2009) Inhibition of bacterial ribosome assembly: a suitable drug
target? Microbiol. Mol. Biol. Rev. 73, 22-35.

Georgescu, R.E. et al. (2008) Structure of a small-molecule inhibitor of a DNA
polymerase sliding clamp. Proc. Natl. Acad. Sci. USA 105, 11116-11121.

de Berardinis, V. et al. (2008) A complete collection of single-gene deletion
mutants of Acinetobacter baylyi ADP1. Mol. Syst. Biol. 4, 174.

A/Prof Peter Lewis is team leader of the Molecular Microbiology lab at the
University of Newcastle, NSW.

Prof Nick Dixon is an ARC Professorial Fellow and team leader of the
Biological Chemistry lab at the University of Wollongong, NSW

A/Prof Liz Harry is team leader of the Medical and Molecular Biosciences lab
at the University of Technology, Sydney NSW

Drs Anthony Brzoska, Kylie Turner and Andrew Robinson are NHMRC-
funded postdoctoral scientists in the labs of Peter Lewis, Liz Harry and Nick
Dixon, respectively.

Ryan Withers is a University of Newcastle funded PhD student.

ASM new memsers

ACT

Sanjaya Senanayake

NSW

Sandra Morales
Shahin Oftadeh
Sashindran Anantham
Jing Lu

Nicholas Dixon
Peter Colley
Parimala Madi
Alexaner Schwahn
Diane McDaugald
Julianne Djordjevic
Khaled Alnassafi
David Basseal
Champa Wujesuriya
Sarah West
Johanna Kenyon
Angie Pinto
Katrina Smith
Song Wook Park
Mia Zeric

Wei Sze Ng

Mark Minnery

QLD

Linda Anne Joyce
Nick David-Poynter

Lesley Duffy
Frances Slater
Tech Wah Chia
Vu Tuan Nguyen
Marjoree Sehu
Irda Safni

Sarah Cherian
Kate Crute
Sarah Tozer

SA

Thuy Nguyen
Michael Taylor
Jessica Hall
Jennifer Guy
Robert Cox
Rachel Nagel
Kevin Stretton

ViC

Janie Mavromatis

Sara Baratchi

Debbie Chalmers

Jackie Mahar
Nicole Donker

Frances Hurren
Sowdo Abukar

Elizabeth Nelson

Chin Gouk

Trevor Lithgow
Yvonne Tan

WA

Adrian McQueen-Mason
Yong Song

Fiona Daga

Maswati Mat Amin
Imogen Weldon
Eng Guan Chua
Reshme Nair

Fayth Good

Sereen Bataineh
Veronica Avery

Peta Perry

Christine Golder
Sandra Mucibabic
Tanya Pullella
Lalanie Jayawardena
Andrea McWhorter
Susannah Piek
Alayne Bennett

OVERSEAS

Hai-Yen Lee — Malaysia

Celestine Aho — Papua New Guinea
Sylvia Ohneiser — New Zealand
Magda Dunowska New Zealand
Kaylyn McBrearly — New Zealand

Jan Deroles-Main — New Zealand

MICROBIOLOGY AUSTRALIA » MAY 2009

97





