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From the editor 
By Tim Newsome 

Dear all, this is your super-delayed August Syntrophy issue (totally the 
fault of the Secretary). At least you’ve had the AGM special edition to 
keep you company. 

In this issue you will find your regular Focus article (page 2), brought 
to you this month from PhD candidate Belinda Fabian from Macquarie 
University. She works in the lab of Ian Paulson and is taking on some 
of the big challenges our world faces: how do we feed our growing 
population? 

We are also starting our series of student articles, bringing you the best 
articles from 2nd year microbiology students from University of 
Technology, Sydney. We have very talented science communicators 
in the making, and you will hear about a range of topics in coming 
issues, starting with phage therapy (page 4). 

Bugs by the Beach is returning this year in November and is back in 
Wollongong. This meeting continues to build on its past successes and 
is free to ASM members (page 7). 

In your next Syntrophy you will be able to read all about our refreshed 
state branch committee and our recent AGM. 
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Focus Article 
Using genome-wide screening to identify genetic factors 
influencing bacterial colonisation of plant surfaces 
Belinda Fabian, Christie Foster, Amy Asher, Sasha Tetu and Ian Paulsen 
Department of Molecular Sciences, Macquarie University, Sydney, Australia 

By 2050 the human population is predicted to exceed nine billion people. Feeding and clothing this many people will require a 
dramatic increase in the production of food and fibre to meet global demand, but plant disease limits crop yields (1). For example, 
~15% of worldwide cotton production, worth over $14 billion, is lost to disease every year. Many crop diseases are controlled 
through the application of pesticides, but they damage ecosystems and pathogens are becoming increasingly resistant to them 
(2).  

An alternative way to reduce the incidence of crop disease is to use the natural properties of biocontrol bacteria. These bacteria 
live in the rhizosphere (the thin layer of soil around a plant’s roots) and they can colonise plant roots and protect plants against 
fungal and bacterial pathogens (2). To successfully colonise plant surfaces and control disease, biocontrol bacteria need to be 
widely distributed and able to persist over time.  

One of the best characterised biocontrol Pseudomonad strains, Pseudomonas protegens Pf-5, has the ability in lab studies to 
control diseases that affect cotton, cucumber, wheat, pea, maize, tomatoes and potatoes (3). A number of genes involved in Pf-
5 plant surface colonisation have been identified, but despite this, field trials of biocontrol bacteria show a lack of reliability and 
persistence on plant surfaces (4). This indicates there are unknown factors influencing bacterial colonisation. 

The aim of our project is to identify the genes that are important for colonisation of plant surfaces by Pf-5 by conducting genome 
wide studies using Transposon Directed Insertion Site Sequencing (TraDIS). This technique combines the creation of a dense 
library of randomly generated loss-of-function mutants with massively parallel sequencing to allow the simultaneous study of all 
non-essential genes (5). Saturation transposon mutagenesis techniques, such as TraDIS, provide high throughput novel 
information on gene function and genetic interactions and allow for en masse identification of genes that are important in 
conditions of interest (5).  

We used random transposon mutagenesis to create a dense P. protegens Pf-5 mutant library (Figure 1A) and grew it in a range 
of conditions related to rhizosphere challenges (Figure 1B). The DNA of the starting and challenged populations was sequenced 
and the number of transposon insertion reads compared to identify the genes important for growth and persistence in the 
rhizosphere. 

The function of many bacterial genes is unknown, so conducting challenge assays and using high-throughput TraDIS 
sequencing allows us to collect information about the function of these genes. For example, sequence databases and genome 
context don’t give many (or any) clues about the function of many hypothetical proteins. After conducting TraDIS assays we now 
have data about many hypothetical Pf-5 proteins and by combining data from multiple TraDIS assays we have a starting point 
for functional characterisation of these genes.  

Applying TraDIS also allows us to see biological stories that aren’t visible using traditional methods of assaying gene function, 
such as targeted gene knockouts. For example, we applied our mutant library in motility assays to identify genes that are 
important for swimming and swarming motility, a crucial part of bacterial colonisation of plant surfaces and biocontrol activity. 
We have identified ~400 genes important for Pf-5 motility, with chemotaxis and flagella genes important for both motility types. 
In addition to these common functions, we also see that there are genes that are important for just one type of motility. Some of 
these functions are ones that we haven’t previously linked to these conditions, showing that TraDIS can reveal a broader story 
that wouldn’t be evident using traditional techniques. 

About the Author 
Belinda Fabian is a PhD candidate at Macquarie University, co-supervised by Professor Ian Paulsen and Dr Sasha Tetu. She 
received her Masters of Research degree with the University Medal in Biology in 2015, which focused on investigating the 
function of extrafloral nectaries in Australian native cotton plants. Continuing her interest in plant symbioses, Belinda’s current 
research involves the use of large-scale mutagenesis and sequencing to identify and investigate the genes involved in successful 
colonisation and persistence by bacteria on plant surfaces. In addition to her PhD, Belinda enjoys teaching undergraduate 
Biology students and participating in science outreach, both in person and on social media. Belinda has received travel awards 
from EMBL Australia and the Australasian Plant Pathology Society which have allowed her to undertake training at the European 
Bioinformatics Institute in Cambridge, UK and present her work at conferences.  
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Figure 1.  

TraDIS methodology to identify genes 
involved in rhizosphere colonisation 
and persistence. (A) construction and 
sequencing of the dense mutant 
library; (B) an example of challenging 
the mutant library (e.g. in a motility 
assay) and sequencing the DNA from 
the recovered cells 
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Student Articles 

For the next 3 issues of Syntrophy, we will publish winning articles produced by second year microbiology students (in the 
subject General Microbiology) from the University of Technology Sydney. 
Courtesy of the Australian Society for Microbiology NSW-ACT Branch, winning articles were given certificates and a $100 JB 
Hi-Fi voucher for their efforts. Students were asked to write a 2-page magazine-style article on a contemporary microbiology 
topic which in 2019 included Cryptococcus, Pseudomonas aeruginosa infection in cystic fibrosis sufferers and bacteriophage 
therapy. 
This assessment is designed to enhance students' communication of science to society. They were given journalistic freedom 
to identify an interesting angle of the topic and to write and present their article in a way that engages with a broad audience. 
  
In this issue of Syntrophy, on pages #4-6 we present the article written by the winner of the bacteriophage therapy topic. 
Congratulations to Margaret Bester! 
 

  



We’re witnessing the end of an 
era. Antibiotics, having 
revolutionized the world of 
medicine since the discovery of 
penicillin in 1928, have met their 
match in a mounting number of 
bacterial strains that have 
developed resistance against them. 
With the dawn of what some are 
calling a “postantibiotic” age, 
scientists are looking for new 
weapons to add to their arsenal in 
the struggle against drug-resistant 
bacteria.  

 
The problem:  
It is a familiar evolutionary tale: in 
an ever-changing environment, 
only the fittest organisms survive 
to pass on their genes to their 
offspring. Bacteria are no 
exception. Following exposure to 
antibiotic agents, some bacteria 
perish, while other, resistant 
strains survive and multiply 
(Alanis 2005). 
We now know that human 
antibiotic use has dramatically 
accelerated this process. Antibiotic 
use in the livestock industry and 
aquaculture, inappropriate and 
over-prescription in humans, and 
a drying-up of the “antibiotic 
pipeline” of new pharmaceuticals 
have all contributed to the rapid 
development of bacterial 
resistance (Laxminarayan et al. 
2013). At the heart of the crisis are 
a group of what have been termed 
the ESKAPE pathogens, so-called 
for their exceptional abilities to 
escape the harmful effects of 
antibiotics (see “Experts of 
Escape” box). 
As a result, an increasing number 
of infections are becoming harder 
– even impossible – to treat, with 
strains of resistant bacteria 
rendering the drugs used to 

combat them ineffective. “Even in 
Australia, we have organisms for 
which we have no effective 
antibiotics and this problem is 
becoming worse,” says Dr. 
Gabrielle O’Kane, Clinical 
Microbiologist and Infectious 
Diseases Physician at Gosford 
Hospital. 
And the problem doesn’t stop 
there. Bacterial resistance 
threatens procedures that today 
we simply take for granted such as 
surgery, organ transplants and 
chemotherapy – all reliant on 
effective antibiotic use. The 
human cost of this crisis is 
staggering: when antibiotic 
resistance is considered within 

the broader problem of 
antimicrobial resistance 
(resistance to antivirals, 
antifungals and antibiotics), it is 
estimated that 700 000 people 
worldwide die each year from 
drug-resistant infections. If 
nothing is done, by 2050 this 
number will skyrocket to 10 
million (O'Neil 2016). 
 
Looking for answers:  
One solution, some scientists say, 
might be lurking right under our 
noses. And you’ve likely been 
eating and breathing them in every 
day. Bacteriophages are tiny, virus-
like particles that have a natural 
ability to infect and kill bacteria. 
They exist virtually everywhere: in 
the ocean, soil and even within our  
own bodies in astonishing 
abundance. In fact, they are 
estimated to be the most 

numerous and widely spread 
entities on earth (Clokie et al. 
2011). Scientists are now 
searching for ways to use these 
micro-warriors to combat 
bacterial infections, via a process 
known as bacteriophage (or 
phage) therapy (see “Micro 
Warriors” box).  Phage therapy 
involves administering 
bacteriophages to a patient, which 
then travel to and eliminate the 
bacteria causing the infection. 
Bacteriophages have several 
unique advantages when it comes 
to this task. The first, according to  

INVISIBLE WARRIORS 
 
Do we have the solution to the antimicrobial resistance crisis? 
 
 

 
Experts of escape: 
 
The ESKAPE pathogens present a 
particular challenge to clinicians, 
due to their often multi-drug 
resistant capabilities. Let’s take a 
closer look at one of these 
superbugs: 
 
Name: Staphylococcus aureus 
Morphology: Gram positive, 
spherical, arranged in grape-like 
clusters (Figure 1). 
Location: On human skin  
Resistance: Resistant to beta-
lactam antibiotics, including to 
methicillin (a top priority public 
health concern)  

 
 
 
Figure 1:  A cluster of methicillin resistant 
Staphylococcus aureus bacteria taken using a 
scanning electron microscope. (Image source: 
Centers for Disease Control and Protection) 

“We have organisms for 
which we have no effective 
antibiotics and this problem is 
becoming worse“ 



Dr. O’Kane, is their ability to avoid 
the “collateral damage” often done 
by antibiotics to our bodies. 
Compared to antibiotics, which 
work by disrupting processes 
common to all bacteria, (such as 
blocking protein production, or 
the building of new cell walls), 
bacteriophages only target the 
specific bacterial hosts that they 
are primed to infect. Thus, while a 
single course of antibiotics can 
alter your gut microbiome for 
many months following treatment, 
phage therapy should avoid this 
problem; a clear advantage when 
it comes to treatment.  
However, this specificity also 
means the specific pathogen 
responsible for the infection must 
first be identified if phage therapy 
is to be effective, a process that 
can be complex and time-
consuming. It also presents 
challenges, for instance, in the 
treatment of infected wounds, 
which are often colonized by 
multiple types of bacteria (Lin et 
al. 2017). One alternative is to use 
a “cocktail” of different 
bacteriophages, with the hope that 
some will be effective against the 
bacteria in question.  Another area 
in which bacteriophages seem to 
gain the upper hand over 
antibiotics has to do with their 
efficacy against biofilms (a 
community of bacteria). While 
antibiotics are largely incapable of 
eradicating bacteria that have 
aggregated into biofilms, 

bacteriophages have been found 
to possess enzymes that allow 
them to break down these 
communities before advancing 
their attack (Altamirano 2019). 
Perhaps most promisingly, 
bacteriophages seem to be able to 
out-compete bacteria in the 
evolutionary race to develop 
resistance. For example, studies 
have shown that while some 
bacteria have developed ways to 
alter or shed the receptors their 
bacteriophage predators bind to, 
bacteriophages have in turn 
evolved to recognize new or 
altered receptors on their hosts. 
(Lin et al. 2017). 

Not so fast: 
So, given all these advantages, why 
aren’t we seeing phage therapy 
being used in our hospitals? There 
are several reasons for this. First 
of all, scientists are yet to agree on 
the best way to administer 
bacteriophages to patients, and the 
interaction they may have with a 
patient’s immune system. How 
quickly bacteriophages are 
eliminated from the bloodstream 
and the dangers of toxins being 
released by destroyed bacteria are  
also areas requiring more 
research. Finally, from a funding 

point of view, being a naturally 
occurring organism means that 
bacteriophages cannot be 
patented, presenting a financial 
hurdle when it comes to discovery 
and research. I asked Dr. O’Kane 
for her view on the future of 
bacteriophage therapy. She says 
that while they definitely warrant 
“more good quality research”, as 
things stand, “they are unlikely to 
play a role in treatment of serious 
infections any time soon”.  

Where do we go from here?  
Antimicrobial resistance is one of 
the most urgent health problems 
the world faces today (Centers for 
Disease Protection and Control 
2018). Thus the development of 
new, innovative therapeutic 
mechanisms is crucial if we wish 
to avoid the devastating human 
cost of drug-resistant infections. 
While bacteriophages are no silver 
bullet when it comes to solving 
this crisis, it is vital that further 
research is conducted to 
determine the role they can play in 
a multifaceted strategy to combat 
the rise of resistant bacteria. 

Top left: A bacteriophage 

Margaret Bester 

Micro warriors: 

Bacteriophages are tiny, virus-like 
particles that infect bacteria. The 
word “bacteriophage” (literally 
bacteria-eater) was coined by Felix 
d’Herelle in 1917. 

Lytic vs. Temperate: 
Bacteriophages operate via two 
mechanisms: after docking to their 
bacterial host, they either hijack 
and quickly kill the host cell (lytic 
phages) or integrate their DNA 
into the bacterial genome without 
obligate death of the host 
(temperate phages). As a result of 
their obligate extermination of the 
bacterial host, lytic phages are the 
preferred choice when it comes to 
phage therapy (Lin et al. 2017). 

“Bacteriophages seem to be 
able to out-compete bacteria 
in the evolutionary arms 
race” 
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Please note: Quotes from Dr. Gabrielle O’Kane, Clinical Microbiologist and Infectious Diseases 
Physician at Gosford Hospital, are taken from a conversation between Dr. O'Kane and myself 
via email on 25 April, 2019.  
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Key dates 
NSW Health Pathology Concord Hospital Diagnostic Mycology Workshop 
27 – 28 August 2019, see details page 8 

ASM BacPath 15 
30 September – 3 October 2019, see details page 1 

Bugs by the Beach 3 
13 – 14 November 2019, see details below 

 

 
 
 

  



Syntrophy   Volume 20 | Issue 05 2019 | Page 8 of 9 

 
 

  

 
 
 
 
 

NSW Health Pathology 

Concord Hospital Diagnostic 
Mycology workshop 

 
27th – 28th August 2019 

 
 

This workshop will consist of 2 days of medical mycology lectures and 
practical hands-on laboratory sessions that reflect current clinical and 

laboratory practice for the diagnosis and identification of invasive fungal 
infections. 

Cost: $450 (gst incl) 

Places are strictly limited.  
 
Please email booking form to 
Bronwyn.Bailey@health.nsw.gov.au  

 
For any further information 

 
Evanthia Tambosis (Evanthia.Tambosis@health.nsw.gov.au ) or 

 
Charlotte Webster (Charlotte.Webster@health.nsw.gov.au) or 

 
by phone on 02 97676904 

mailto:Bronwyn.Bailey@health.nsw.gov.au
mailto:Evanthia.Tambosis@health.nsw.gov.au
mailto:Charlotte.Webster@health.nsw.gov.au
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BOOKING FORM 

 
 
 
 
NAME ___________________________________________________________________ 
 
EMAIL ___________________________________________________________________ 

 
PHONE ___________________________________________________________________ 

 
INSTITUTION  _______________________________________________________________ 

 
DIETARY RE Q UI RE ME NTS   _________________________________________________ 

 

An invoice will be created and sent to you for final payment – Please note: 

CONFIRMATION OF BOOKING WILL BE SENT ONCE PAYMENT HAS BEEN RECEIVED. 
 


	This workshop will consist of 2 days of medical mycology lectures and practical hands-on laboratory sessions that reflect current clinical and laboratory practice for the diagnosis and identification of invasive fungal infections.
	Places are strictly limited.
	Please email booking form to
	For any further information


