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Invited Presentations

University of Electronic Science and Technology of China, School of Life Sciences,
Chengdu, China — November 2017

University of Copenhagen, Department of Biology, Copenhagen, Denmark -
November 2016

Cambridge University, Department of Biochemistry, Cambridge, UK — April 2013
Swiss Tropical and Public Health Institute, Basel, Switzerland — May 2013

Goethe University, Institute for Molecular Bioscience, Frankfurt am Main, Germany —
June 2013

University of Melbourne, Department of Microbiology and Immunology, Melbourne,
Australia — July 2013

Presentations

« Annual Conference of the Association for General and Applied Microbiology 2019
(VAAM), Mainz Germany: Machine learning to decipher metabolic differences
between Photorhabdus and Xenorhabdus

« American Society for Pharmacognosy Annual Meeting, Lexington, USA: 2018
Natural product diversity associated with the nematode symbionts Photorhabdus
and Xenorhabdus

» Canadian Society of Microbiology Annual Meeting, Toronto, Canada: 2016
Photorhabdus-nematode symbiosis is dependent on Hfg-mediated regulation of
secondary metabolites.

» Research in Computational Molecular Biology Conference, Frankfurt, 2015
Germany Understanding entomopathogenic bacterial lifestyles through genome
seguencing.

. 6!" European Conference on Prokaryotic and Fungal Genomics, Goéttingen, 2015
Germany Understanding entomopathogenic bacterial lifestyles through genome
sequencing,

» World Health Organization Meeting on Buruli ulcer, Geneva, Switzerland: 2013
Research meeting summary to all attendees.

» World Health Organization Meeting on Buruli ulcer, Geneva, Switzerland: 2013
Mycobacterium ulcerans pathogenesis: a cell wall phenomenon.

* Victorian Infection & Immunity Network, Young Investigators Symposium, 2011

Melbourne, Australia: Functional analysis of Hsp18: an immunodominant antigen
expressed by Mycobacterium ulcerans.

» Bacterial Pathogenesis: BacPath10, Barossa Valley, South Australia: 2009
Promoters involved in mycolactone gene expression and their application to studies
of the pathogenesis and ecology of Mycobacterium ulcerans.

* Victorian Infection & Immunity Network, Young Investigators Symposium, 2009
Melbourne, Australia: Discovery of promoters involved in mycolactone gene
expression.

Awards and Funding
* TBG sequencing call: Successful in 2018 (€15,000) and 2019 (US$ 24,150)for 2018-2019
metagenomic sequencing of triatomines

+ Goethe Focus program Line A/B: Small research grant of €5000 awarded on a 2016
competitive basis to generate preliminary data for future grant applications.



* Humboldt Fellowship: Provided by the Alexander von Humboldt Foundation to 2014
outstanding early career researchers.

* CSL Award for best PhD thesis: Awarded annually by the Commonwealth 2013
Serum Laboratories to the top-ranking thesis in the Department of Microbiology at
Monash University.

« Victoria Fellowship: A highly prestigious award ($18,000 AUD) from the State 2012
Government of Victoria, Australia to travel to an overseas institution for three
months.

» Commercialization Training Scheme (CTS) award, Commonwealth 2010

Government: to develop skills and knowledge involved in commercializing
research and moving basic scientific results to marketable products.

» Faculty Postgraduate Research Scholarship, Monash University: for funding 2007-2010
to complete a PhD.

Teaching Experience

» PhD student co-supervisor, Goethe University 2017-present
Three students: one completed, two ongoing

 Lecturer in Master’s Chemical Biology course, Goethe 2017-2019
University
Lecturing to students on sequencing technologies and their
applications

» Master’s student supervisor, Goethe University 2014-present
Five completed

* Honours and Master’s student supervisor, University of 2012-2013
Melbourne
One Master’s completed, three Honour’s completed

» Undergraduate research project co-ordinator, University of 2011
Melbourne

Designed and supervised a research project for 12 students to
perform in their 3" year to utilize molecular biology concepts in
the study of a bacterial infectious disease (Mycobacterium
ulcerans)

» Lead demonstrator for Molecular Biology Techniques 2009
Course, Micromon, Monash University
Supervised a team of five demonstrators with 60 participants from
various professional and postgraduate backgrounds in
recombinant DNA technologies.

« Demonstrator for Molecular Biology Techniques Course, 2007-2008
Micromon, Monash University
* Undergraduate student demonstrator, Monash University 2007-2009

Supervised the practical component and organized tutorials of
undergraduate courses including biology (1% and 2" vyear;
BIO1011, BIO2011), medicine (1% year; MED1011), molecular
biology (2" year; MOL2011, MOL2022), microbiology (2" and 3™
year; MIC2011, MIC2022, MIC3011, MIC3990, MIC3032), virology
(3" year; MIC3022) and medical microbiology (3™ year; MIC3041).



Expertise

Microbiology, molecular biology, (meta)genome assembly and annotation, transcriptomics,
chemical biology, linking genomics to metabolomics, analysis of large datasets.

References
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Institute for Molecular Biosciences, Goethe University, Frankfurt

h.bode@bio.uni-frankfurt.de
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Department of Microbiology and Immunology, Doherty Institute, University of Melbourne,
Australia

tstinear@unimelb.edu.au



Planned Research Priorities

My major research interest is in discovering links between microbes and the compounds that
they produce in a given ecology. Specifically, my overall aim is to understand the contribution
of natural products derived from insect microbiomes during various antagonistic interactions. By
generating complementary datasets (metabolomic and (meta)genomic/transcriptomic) | believe
we can develop a much deeper understanding of the contributions of individual traits (from
genes to microbes and single compounds to families of molecules) in a given environment. In
order to do this, | incorporate aspects of machine learning to rank features with respect to
available metadata in any given context. Ultimately, | aim to use these data to exploit natural
systems, generating microbial blockages in the natural transmission pathways of human
pathogens.

Experimental System

In my research, the insect vector of Chagas disease is investigated. Chagas disease (American
trypanosomiasis) is a neglected tropical disease caused by the protozoan parasite,
Trypanosoma cruzi. The parasite is transmitted by insects of the family Triatominae (life cycle
in Figure 1). Treatment of Chagas disease is limited to only two clinical drugs, with increasing
resistance becoming a major impediment to treating the approximately 7 million people affected
worldwide. Here, we study the microbiome of triatomines, in order to search for natural products,
or classes thereof, that have anti-trypanosomal activity in an environment naturally encountered
by the target organism.

( Figure 1. Life cycle of Trypanosoma

~ [\ cruzi. Insects colonized by T. cruzi
1. Insects feed, defecate and
scratch or rub feces into wound

take a blood meal before

/_\. PR S—————— ) (-Ter: Li]gTe B (1) T. cruzi
&‘”@ trypomastigotes can enter the

bloodstream if infected feces come

into contact with the open wound.
(2,3) Trypomastigotes can infect
tissues where they convert to

S 4. Amastigotes convert

6. Epimastigotes
multiply in the
midgut

3. Inside tissue, trypomastigotes am a-StI gOteS a-n d rep I I Cate . (4)
transform into amastigotes . .
2 et pomsigees / andmultiy Several rounds of replication may
excreted in feces
/ occur over extended periods

leading to various health
complications. (5) Uninfected insects can take up trypomastigotes when feeding on an infected
individual where the trypomastigotes enter the mid-gut, (6) convert into epimastigotes and
replicate. (7) Trypomastigotes are then found in the lower gut and excreted in feces.

High-throughput sequencing using lllumina is sufficient to assemble microbial natural product
gene clusters, including polyketide synthases (PKSs) and non-ribosomal peptide synthetases
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(NRPSs), which are of particular interest since several have demonstrated anti-trypanosomal
properties. We additionally utilize high-resolution tandem mass spectrometry to identify
metabolites produced at a given time-point and analyze these with a variety of software.

Linking metabolomics to genomics

High-quality, paired datasets from the same source, under the same conditions are essential to
accurately analyze and pair natural product production to a given gene cluster. In this context,
high-quality means sufficiently assembled (meta)genomes and high-resolution metabolomic
data. Focusing on NRPS and PKS, the genomics information is used in discovery through
heterologous expression in cases where the metabolite is unknown. Importantly, this can be
matched back to metabolomic data and metatranscriptomic data in order to determine when a
gene cluster is expressed as well as when the compound is detectable. Ultimately, matching
natural products to gene clusters and expression profiles allows us to explore the underlying
mechanistic pathways that lead to their production, thereby providing insights into their
function(s).

High-throughput technologies inevitably create a bottleneck during analysis. Recently, we have
begun to incorporate a ranking system into our analysis pipeline that aims to prioritize areas for
further research using machine learning approaches. Since natural products, even in closed
systems, are too humerous to study, our research aims to narrow down the field to those that
are directly applicable to a given research question. In our research, this question is what
compounds, gene clusters or microbes are important in combatting invasion of triatomine
insects by Trypanosoma? How do we then link these individual compounds (or molecular
families) with their cognate microbial gene cluster(s)?

Understanding the role of natural products in metagenomic systems

The purpose of natural products in complex environments can be properly understood once we
have i) a gene cluster, ii) an expression profile, iii) a linked metabolite and iv) a bioactivity profile.
With assembled gene clusters can be assembled, then techniques such as heterologous
expression in an appropriate system can be used for identifying the produced metabolite.
However, the genomic information collected is useful for constructing libraries (genetic or the
organisms themselves) of bacteria and fungi that potentially produce bioactive metabolites. In
terms of natural product discovery, this type of resource is unique in that it is isolated from an
environment, few others have explored.

Exploitation of libraries containing these gene clusters are planned to be used in synthetic
microbiome experiments, whereby different combinations of microbes are introduced into our
triatomine system, which replaces the native microbiota. In this way, we can investigate
synergism and antagonism of natural products in a very specific context in order to properly

understand the roles of natural products in this niche.
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Integration with TBG

Our model system is perfect for the above described analyses since we can generate testable
hypotheses through exploring the underlying diversity and bioactivity of natural products. Future
research will extend into other symbiotic systems to discover new natural products through
metagenomics, in new ecological contexts. However, integration with the TBG will be extremely
beneficial for these research ideas. Collaboration with AK First for bioactivity testing, AK Bode
for chemical structure elucidation and AK Janke for investigating the gene flow that led to
speciation of triatomines capable of transmitting the disease (and those that are incapable) will
all greatly advance the current proposal. This research will also complement that of AK Klimpel,
by providing deeper insight into this hematophagous insect, with a clear path to extending the
analysis to other insects. Additionally, the analysis pipeline can be both modified and extended
to investigate natural products from microbiota present in soil (Lehmitz/Balint) as well as other
organisms.
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