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From the editor

By Tim Newsome, Branch Secretary
Dear all,
Welcome to the latest issue of Syntrophy.

It is a big month for us, despite the lockdown. We were
really hoping to be able to host our first major in-person
event for over 12 months with our upcoming AGM.
Unfortunately, this has proven unfeasible in our current
circumstances.

Our AGM is an opportunity to get more involved in your
State branch committee, and the nomination form is
included in this issue. All are welcome, but we are
particularly keen for our clinical community to join the
committee and represent that side of microbiology. So,
do not hesitate.

Even though he will no longer be able to make the trip
up, Prof David Tsharke will be delivery our Post-AGM
seminar. He has had so major recent research highlights,
and he will be talking about a surprising and fascinating
story on using CRISPR to engineer DNA viruses. We hope
to see you there, RSVP links are found below.

For the next 3 issues of Syntrophy, we will publish
winning articles produced as part of a competition by
second year microbiology students 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, in order to enhance their science communication
skills. In this issue, we present the article on ‘Biofilms in
Space’ written by Julia Luke.
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AGENDA
Date Thursday, August 25 2021

Location Zoom meeting link upon registration, NSW-ACT members only

RSVP by August 24, 2021 on trybooking

Time 6:00-7:00 pm.

N E W R

Apologies

Minutes of the 60" ASM NSW-ACT Annual General Meeting
Chairperson’s Report

Treasurer’s Report

National Council Report

Reports from Special Interest Groups

Branch Award Winners 2020-2021

Election of Office Bearers for 2021-2022

POST AGM SPEAKER

Prof. David Tscharke

Australian National University

A CRISPR way to engineer large DNA viruses
Speaker from 7pm, August 25, 2021

Zoom meeting link upon registration

RSVP by August 24, 2021 on trybooking; ALL ASM members welcome

Register for AGM Register for Post-AGM talk
NSW-ACT members only All ASM members

https://www.trybooking.com/BTCSV https://www.trybooking.com/BTCSY
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Post-AGM Speaker

Prof. David Tscharke
Australian National University

“A CRISPR way to engineer large DNA
viruses”

Abstract: The ability to engineer the genomes of viruses
is required to advance our understanding of their biology
and for their application as tools and therapies. For
herpesviruses and poxviruses this can be challenging and
time consuming because their genomes are too large to
be manipulated in vitro. Over the past several years my
lab has developed methods for the application of
CRISPR/Cas9 methods to engineering these viruses. For
herpes simplex virus, the story is one of predictable
biology and rapid success. However, for poxviruses, initial results were disappointing and
confounding, but a shift in perspective led to an unexpected and more interesting outcome. This is a
talk about investing in the development of tools and methods, a crucial aspect of microbiology that is
too often under-rated.

Bio: David is a virologist and/or an immunologist, with interests in herpesviruses, poxviruses, CD8" T
cells and antigen presentation. He started out at the University of Adelaide for undergraduate study
and PhD —falling into a crevasse somewhere between virology and immunology during honours, from
which he has never quite returned. He tumbled though postdoctoral training at Oxford University, the
US NIH and QIMR before coming to rest and starting his own lab at ANU in 2006. Since then, he has
held teaching and research positions as well as NHMRC and ARC Fellowships. He is currently the
Head of the Division of Immunity, Inflammation and Infection at the John Curtin School of Medical
Research, ANU.

Zoom meeting link upon registration
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RSVP by August 24, 2021 on trybooking

https://www.trybooking.com/BTCSY

ALL ASM members welcome
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forMIcroblology gﬁb 2021INOMINATION FORM

bringing Microbiologists together
It's that time of the year again when we begin to prepare for the ASM NSW-ACT
Branch Annual General Meeting. Nominations are required for the Secretary and
Committee members. Note that applicants for the Secretary position must have
previously served for at least 12 months on the Committee. If you feel there ismore
you can do for your ASM, now is a good time to fill in the Nomination form and become
part of an energetic and motivated Committee.

EMAIL: tim.newsome@sydney.edu.au

All nominations must be in writing. Only current ASM members may nominate and be
nominated.

We, the undersigned, wish to nominate:

PrintName.........coo s s
For the position
] of (please

tick):

Secretary

(2 year

term)

O] Committee member (1 year term)
Proposer:

PrintName............cooii e
Signature. ...
Print Name...........cooiii e
Signature........ccoooiiii
Print Name...........cooiii e
Signature........ccoooiii
Phone... ..o
Email.....o
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e
Focus Article

Uncovering the small RNA interactome and its roles
in antibiotic tolerance in Staphylococcus aureus

Winton Wu

School of Biotechnology and Biomolecular Sciences, University of New South Wales

Staphylococcus aureus is a major opportunistic human pathogen and a leading cause of bacteraemia,
endocarditis, and medical device-related infections. The emergence of multidrug-resistant S. aureus (MRSA)
that have developed resistance to several antibiotics is a public health concern. Current treatment is dependent
on the efficacy of last line antibiotics like vancomycin. However, MRSA isolates that exhibit intermediate
resistance to vancomycin are increasingly detected worldwide and are associated with treatment failure. These
vancomycin-intermediate S. aureus (VISA) isolates appear to arise from the acquisition of a disparate series
of point mutations that lead to physiological changes including cell wall thickening and decreased autolysis”.

Transcriptional profiling has revealed that changes in small RNA (sRNA) expression in S. aureus are correlated
with antibiotic treatment and may contribute to the VISA phenotype?. Small RNAs have been established as
global post-transcriptional regulators of bacterial gene expression®, however the function of hundreds of SRNAs
in S. aureus are still poorly understood and the majority of the RNA targets they regulate are unknown. Here,
we have used the endoribonuclease RNase lll, which processes sSRNA-RNA duplexes, as a scaffold to capture
SRNA-RNA interactions using a proximity-dependant ligation and sequencing technique termed CLASH.
RNase IlI-CLASH in VISA recovered 204 sRNA-RNA interactions and ontological analyses revealed that these
sRNA-mRNA interactions are enriched for functions associated with reproduction, citrate transport as well as
cellular responses to oxidative stress (Figure 1).
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Figure 1. Small RNA interactome of VISA. Each RNA is represented as nodes (circles) and are coloured according to
their RNA class as indicated by the legend (bottom right). RNA-RNA interactions are represented as edges (lines) which
have a false-discovery rate (FDR) of <0.05. Small RNAs that were enriched with a gene ontological function (FDR
<0.05) were overlayed with their respective mRNA targets in different colours.
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Small RNA interaction networks have been found to contain a proportion of bona fide but ‘non-functional’
RNA-RNA interactions®. Discriminating between functional and non-functional interactions is a major
challenge in the field. We reasoned that functional sSRNA-mRNA interactions may result in a disconnect
between the relative abundance of an mRNA and the amount protein produced. To identify sSRNA-mRNA
interactions that post-transcriptionally regulate mMRNA expression, we correlated transcript abundance,
ribosome occupancy, and protein levels for mMRNAs targeted by sRNAs in our CLASH network. We used
Self-Organising Maps® to cluster genes with similar transcriptional and translational expression patterns
(Figure 2) and the mRNAs in clusters 2,3, and 6 exhibit a pattern where there are higher levels of mMRNA
transcripts relative to the protein abundance. By cross-referencing these mRNAs with our sRNA-mRNA
interaction network we found that the regulatory sRNA sau6569 is enriched in cluster 6. Our RNase llI-
CLASH network found interactions between the sRNA sau6569 and three genes in cluster 6 which have an
oxidoreductase activity. This suggests that sau6569 down regulates genes involved in energy metabolism at
the translational level (Table 1).
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Figure 2. Self-organising maps of VISA genes under vancomycin-treated conditions. Genes with similar abundance
profiles across the different omics datatypes were split into 9 different clusters. The x-axis corresponds to the different
omics data types including the transcriptome, translatome, and proteome under control and vancomycin treatment
conditions while the y-axis is the z-normalised scores for each omics datatype.

Table 1. Sau6569 and the mRNA targets that were enriched in cluster 6.

Enriched sRNA mRNA targets Protein product
SAAG6008 00211 L-lactate dehydrogenase
Sau6569 SAAB008_ 00892 NAD(P)/FAD-dependent oxidoreductase

SAA6008 01016 cytochrome aa3 quinol oxidase subunit Il

By using RNAse IlI-CLASH and this multi-omics analysis, we can potentially identify functional SRNA-mRNA
interactions. Work is currently underway to confirm post-trancriptional repression by Sau6569 and
characterise how these sRNAs drive changes across the transcriptome, translatome, and proteome in the
presence of vancomycin. Together, these analyses will provide insight into how antibiotic-responsive sRNA
networks induce changes in S. aureus to adapt to antibiotic stress.
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About the author

Winton Wu is a PhD candidate under the supervision of Dr. Jai Tree and Professor Mark Tanaka at the
School of Biotechnology and Biomolecular Sciences, UNSW Sydney. His research focuses on the small RNA
interactome and its role in antibiotic tolerance in Staphylococcus aureus.
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Student Article

Biofilms in Space

Julia Luke
University of Technology, Sydney

B Hr smallest obstacles to colonising the stars
JULIA LUKE Imag{e credit; IASA

MIE as seen fromn Atlantis ETo26




n 1998, in a warm, damp service pa-
nel on MIR’s Kvant-2 module astro-
nauts found water. It had been fun-
nelled in by air currents, condensed,
and formed a sphere in microgravity.

It was teeming with life.

Samples were taken of three of these
murky globules, formed by time and
several power outages that increased hu-
midity and temperature on the station.
Analysis back on Earth found a wide
variety of microbes - bacteria, fungi,
protozoa, and animals alike (Ott et al.,
2004).

In the 15 years MIR was in orbit, it
became a hotbed of microbes. They lived
in the air, on almost every wall, on win-
dows, inside pipes and other equipment,
clogging valves and sensitive equipment.
Several hundred species had been iden-
tified on the space station before it was
decommissioned, and while many were
a risk to human health and comfort,
others were a risk to the station itself.
Some bacteria and fungi were found
to be causing corrosive damage to the
hull, gradually turning a quartz window
opaque and eating holes through wire
insulation (Klintworth et al., 1999).

ISS

The study of life away from the Earth’s
surface never ends. Since the deorbiting
of MIR in 2001, the International Space
Station has led the study into weightless
microbes.

Life inside the ISS is stressful to cells.
In addition to the effects of microgravity,
the ISS has elevated CO: and radiation
levels. New factors, such as fluid shear,
are increasingly being implicated in al-
tered cell behaviour (Sielaff et al., 2019).

When cells are growing on Earth,
liquids moving past them impart a
hydrodynamic force as the boundary
layer is slowed by friction. Micrograv-
ity, among other things, is the perfect
static environment to minimise fluid
shear. Nothing drips, nothing pours, it
just floats. This environment is sensed
by bacteria and sets off a wide range of
responses — possibly explaining most of
the adaptations they develop (see Figure
1) (Wilson et al., 2007; Kim et al., 2013).

Bacteria that find themselves in this
environment thrive: forming thicker and
denser biofilms, more readily producing
endospores (see O ENDOSPORES AND
BIOFILMS), increasing the expression

of antibiotic resistance genes, and in at
least one case increasing pathogenicity.
In a 2007 experiment testing the viru-
lence of space-grown bacteria by Wilson
et al., Salmonella enterica was shown to
kill infected mice 2 days faster when it
was cultured in space.

Other species focus on a more defen-
sive approach with boosts in their biofilm
and endospore production compared to
their Earth-dwelling relatives (Mermel,
2012). While this behaviour would likely
indicate a decrease in virulence and
spread, it presents a new dilemma for
sterilisation: endospores are durable
enough to render many disinfection
methods ineffective. Easily accessible
methods like alcohol, soaps, and boiling
often aren't enough to kill endospores
(Mermel, 2012).

Sterilisation on board the ISS is lim-
ited; non-alcohol disinfectant wipes are
standard fare. In many cases, sterili-
sation methods are constrained by the
closed, insulated environment, for oth-
ers, by the cost of transport. Autoclaves
are heavy, power and water hungry, and
dump enormous amounts of waste heat
into the environment - all things that
cannot easily be managed in space. Nox-
ious chemical disinfectants like bleach
would add to the already irritating envi-
ronment inside the ISS, if not poison the
crew outright (Mermel, 2012).

TO THE MOON AND MARS

When disaster strikes in Earth’s orbit
there is always a home to return to; both
MIR and the ISS programmes have en-
sured sufficient transportation for every
astronaut onboard was available for this
purpose. In journeys to deep space and
other planets, this is not always practi-
cal, or even possible.

Spaceflight is not only a matter of dis-
tance, but of momentum. A spacecraft
en-route to Mars isn't just far away, it’s
moving extremely fast away from the
Earth. To return home mid-flight would
require it to expend fuel to slow down
and burn even more fuel to gain speed
towards Earth (this is certainly not an ef-
ficient manoeuvre either). It costs fuel to
carry fuel, and more weight in engines to
carry it off the launchpad. After all this,
you still need some fraction of the space-
craft (at least a few percent) to be useful
cargo. When every kilogram counts, we
cannot do this.

While artificial gravity may be a solu-
tion, almost like an additional aspect of

2

Table 1 Acceptable microbial counts on the
ISS (Nicogossian et al., 2016, p. 160). A colony
forming unit (CFU) is the number of colonies

that can grow from a sample.

In Air
Bacteria 300 CFU/m3 1000 CFU/m3
Fungi 50 CFU/m3 100 CFU/m3
Sufaces  Before Flight During Flight
Bacteria 500 CFU/cm?2 10,000
CFU/100cm?
Fungi 10 CFU/cm? 100 CFU/100cm?
1n Water [ Before light | During Fight |
Bacteria 50 CFU/mL 50 CFU/mL

Coliform <1 CFU/100mL <1 CFU/100mL

In Food

Total aerobic count  <20,000 CFU/g
Enterobacteriacae <100 CFU/g
Salmonella spp. 0 CFU/25g
Yeast and moulds <1000 CFU/g



life support, it's not always going to be
feasible. Space telescopes and sensitive
equipment will need to remain station-
ary, microgravity research will need
to occur in microgravity, and for large
settlements on other planets and moons,
the infrastructure may be impractically
slow or uneconomical to implement.
While such measures may be necessary
for long-term or generational human
inhabitation of space, we still need to
understand what happens if we don't.

LOOKING FOR ANSWERS

There are promising candidates in the
field of surface antimicrobials - silver in
particular has been investigated for use
in spaceflight as a broad-spectrum bioc-
ide for water treatment (Li et al., 2018).

This works via the oligodynamic ef-
fect: certain metals and metal alloys can
shed tiny amounts of ions into liquids or
microbes contacting their surface, where
their interactions with proteins and cell
membranes inhibits or kills the organ-
ism. Through application of this effect,
we can prevent the growth of microbes
in water systems, ventilation, or on com-
monly touched surfaces.

This is already done all over the
world - it is one of the reasons why
copper pipes and brass doorknobs are so
common. Medical devices often utilitise
silver to reduce the risk of infection.
Learning how this principle holds up in
practice against space-grown microbes
and keeping it safe to humans could be a
key part of making spaceflight safer.

Spacecraft design hasn't been idling,
and the lessons we've learned in the
construction and operation of multiple
long-term space stations have led to
many advances - the use of HEPA filters
in ventilation, humidity collection and
recycling into clean water, condensation
prevention strategies, more suitable
materials for contamination prevention,
proactive measures for microbe control,
point of use filters on drinking water, and
more informed standards on cleanliness
in cargo (see Table 1) (Nicogossian et al.,
2016; Mermel, 2012).

There is no one way to solve this prob-
lem. We built our first footholds in space
having minimal understanding of the
consequences of long-term habitation.
We are increasingly prepared to handle
future challenges in space, especially as
the scale of our ambitions increases.
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Figure 1 Illustration of the influence of gravity, flow, and motility on Pseudomonas aeruginosa biofilm architecture (Kim et al., 2013).
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networking opportunities
23 & 24 AUGUST 2021

Poster session with prizes
to be won!

www.jams10.org

O @jamsorgau
#JAMS10
WWW.jams.org.au

Due to the Sydney lockdown the JAMS committee has decided to move the JAMS10 meeting
online to 'JAMS town' in Gather, an online space with virtual rooms, trade displays and
posters. Check us out https://jams10.org/vl/jams-town/

Tickets will be $25 per person
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