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Assoc. Professor, Ferrier Research Institute,
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Education
1988-1991: B.Sc(Hons) University of Otago, New Zealand
1992-1995: PhD, University of Otago, New Zealand

Research Career

1997-1999  Post-doctoral scientist, University of Maryland at College Park, MD, USA.
1999-2006 Pharmaceutical engineering, IRL-BioPharm, New Zealand

2007-2013 Research scientist, Industrial Research Limited, NZ.

2014-2023  Assoc. Professor, Victoria Univiersty of Wellington, NZ.

Research Interests

Research completed in our group has a range of topics from natural product small molecule
characterisation to polysaccharide analysis and organic synthesis:

e Natural products chemistry focused on the identification, isolation and
characterisation of high-potency fungal metabolites.

e Complex carbohydrate analyses tackling:
o Cell wall carbohydrate separation and characterisation
o Sulfated seaweed polysaccharides
o Glucosaminoglycan analyses and modifcation

e Organic synthesis of heparan sulfate mimetics.
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Nuisance mucilage produced by Lindavia intermedia (Bacillariophyceae) in New Zealand lakes. Inland Waters
2022, 12 (2), 232-244.

3. Kidgell, J. T.; Carnachan, S. M.; Magnusson, M.; Lawton, R.J.; Sims, |. M.; Hinkley, S. F. R.; de
Nys, R.; Glasson, C. R. K., Are all ulvans equal? A comparative assessment of the chemical and gelling
properties of ulvan from blade and filamentous Ulva. Carbohydr Polym 2021, 264, 118010.



Heparan sulfate, the next polymer paradigm in therapeutics

Simon Hinkley
The Ferrier Research Institute, Victoria University of Wellington, Lower Hutt, New Zealand
email: Simon.Hinkley@vuw.ac.nz

The anticoagulant Heparin is the most widely used natural product human therapeutic. Application
as an anticoagulant commands an international market worth USS ~10 B.* The most negatively
charged natural polymer® is arguably the most information-rich biomolecule in nature. However,
while only mast cells produce Heparin, and it is present in our body in very small amounts, every cell
generates the closely related heparan sulfate.

Our research focuses on the chemical composition of heparan sulfates.® The goal is to generate, for
the first time, a therapeutic based on heparan sulfate that capitalizes on this molecules ability to
bind selectivity to specific growth factors. As heparan sulfate is ubiquitous in the body it exhibits
perfect biocompatibility; therefore, such a technology could direct cellular repair and speed tissue
regeneration without any undesirable side-effects.

The characterization of this highly complex class of molecule, its application in a wound repair
technology® and research towards wholly synthetic variants will be presented.

Figure 1. Porcine derived heparan sulfate with processing can promote rapid bone repair.”®

Acknowledgements
This work is supported by the Ministry of Business. Innovation and Employment Endeavour
Programme Regenerative Therapies (RTVU1706).

References

4. Zhu, Y.; Zhang, F; Linhardt, R. J., Heparin contamination and issues related to raw materials and
controls. In The Science and Regulations of Naturally Derived Complex Drugs, Sasisekharan, R.; Lee, S. L.;
Rosenberg, A.; Walker, L. A., Eds. Springer: 2019; Vol. 32, pp 191-206.

5. Baytas, S. N.; Linhardt, R. J., Advances in the preparation and synthesis of heparin and related products.
Drug discovery today 2020, 25 (12), 2095-2109.

6. Sargison, L; Smith, R. A.; Carnachan, S. M.; Daines, A. M.; Brackovic, A.; Kidgell, J. T;
Nurcombe, V.; Cool, 5. M.; Sims, I. M.; Hinkley, S. F, Variability in the composition of porcine mucosal
heparan sulfates. Carbohydrate polymers 2022, 282, 119081.

7.  Wijesinghe, S. J.; Ling, L; Murali, S.; Qing, Y. H.; Hinkley, S. F; Carnachan, S. M.; Bell, T. J;
Swaminathan, K.; Hui, J. H.; van Wijnen, A. J., Affinity Selection of FGF2 - Binding Heparan Sulfates for Ex
Vivo Expansion of Human Mesenchymal Stem Cells. Journal of cellular physiology 2016, 10.1002/jcp.25454.
8. Murali,S.; Rai,B.; Dombrowski, C.; Lee J.L.J.; Lim,Z.X.H.; Bramono,D.S.; Ling,L; BellT;
Hinkley, S.; Nathan, S.S.; Hui, J. H.; Wong, H. K.; Nurcombe, V.; Cool, S. M., Affinity-selected heparan
sulfate for bone repair. Biomaterials 2013, 34 (22), 5594-5605.



Invited Speaker

Guangli YU

Professor, Ocean University of China, School of Medicine and
Pharmacy; Director, Key Laboratory of Marine Drugs,
Ministry of Education of China; Shandong Provincial Key
Laboratory of Glycoscience and Glycotechnology; Qingdao
National Laboratory for Marine Science and Technology;
No.5 Yushan Road, Qingdao 266003, China.

Tel: +86(532)82031609; Email: glyu@ouc.edu.cn

Education
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Research Interests

The preparation and structural studies of marine poly/oligosaccharides; Structural studies
of GAGs and N/O-glycans in biomass; Glycochip study and interaction of glycans with
functional proteins; Relationship studies of glycans with human gut microbiota; Research
and development of carbohydrate-based drugs.
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The Effects of Algae-derived Polysaccharides to Intestinal Microbiota
Guangli Yu'?, Qingsen Shang'?, Chao Cai'?, Guoyun Li*?, Hao Jiang®?

IKey Laboratory of Marine Drugs of Ministry of Education of China, and Shandong Provincial Key Laboratory
of Glycoscience and Glycotechnology, School of Medicine and Pharmacy, Ocean University of China, Qingdao
266003, P. R. China
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Technology, Qingdao 266237, P. R. China
Tel: 86-532-82031609; Email: glyu@ouc.edu.cn

There are over 1000 species bacteria in healthy human gut, and the total sum of colon
bacteria up to 100 trillion. These bacteria contain over 3-millions genes, which can produce
diverse of proteinase, lipases and carbohydrate hydrolyses etc. All these enzymes are essential
for the gut to offer differet nutrients for human body. Many papers reported that, the
abnormal gut bacteria are associated with inflammation, obesity, diabetes, Alzheimer’s and
tumors. Polysaccharides are essential nutrients for gut bacteria, and different sugar may affect
different bacteria. Marine algae are very good sources of polysaccharides, such as the agarose
and carrageenan are from red algae, the alginate and fucoidan are from brawn algae, and the
ulvan from green algae. Although the above polysaccharides are traditionally used as food
additives, but their effect to the gut microbiota are still not very clear. | will show our research
works of the effects of marine polysaccharides (agar, alginate, fucoidan, carrageenan, Ulvan)
to the intestinal microbiota.
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Research Interests

My core skills and expertise are in organic chemical synthesis, determination of properties
and structural characterisation of complex organic molecules. These are deployed in many
different settings, from nature-inspired drug discovery through medicinal chemistry to
development of new chemical methodologies for accessing novel molecular structures.
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Drug discovery of Btk inhibitors based on fungal natural product (-)-TAN-2483B

Dr Joanne E. Harvey
School of Chemical and Physical Sciences, Victoria University of Wellington, NEW ZEALAND.
Email: joanne.harvey@vuw.ac.nz

The natural product (-)-TAN-2483B was isolated from a Japanese filamentous fungus extract
that inhibits c-src kinase and PTH-induced bone resorption.® Our total synthesis of the
natural product enabled determination of its bioactivity, which included inhibition of
bacterial pathogens, immunomodulatory effects and inhibitor of the

kinase Btk (Bruton’s tyrosine kinase) but not c-src.? Btk is of particular

interest as a validated drug target for B-cell cancers.? Following from our
initial SAR studies of side-chain analogues of (-)-TAN-2483B,* (-)-TAN-2483B

computational structure-based drug design and additional analogue synthesis have
enhanced our understanding of the structural features in the TAN-2483B system that are
necessary for Btk inhibition. This presentation will cover our synthetic, modelling and
screening work involving the natural product and side-chain analogues, as well as

exploration of second-generation analogues of TAN-2483B.
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My research focuses on developing new methodologies employing transition metal catalysis
in generating versatile molecular skeletons, which could be ultimately applied in complex
bioactive natural products and/or pharmaceutically active intermediate synthesis.
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Collective Total Synthesis of Penicimutanin A and its Congeners
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Fungi have been exploited as rich sources to generate structurally appealing molecules
featuring synthetically challenging motifs and consecutive stereocenters, which often
displayed promising bioactivities towards life-threatening diseases. In particular, for deep
sea-derived fungi strains, chemical mutagenesis is commonly used to activate “muted genes”
for discovery of new natural products. Penicimutanin A (1) and B (2) were two representative
secondary metabolites reported by Cui and coworkers in 2014, isolated from a marine-
derived fungal strain identified as Penicillium purpurogenum G59 through chemical
mutagenesis.l! In addition to 1, penicimutanolone (3) and penicimutatin (5) together with
known fructigenine A (4) were also isolated alongside, indicating their biosynthetic
interrelationship. These secondary metabolites and their congeners were found to possess
a range of biological activities from anti-fungal as a histidine kinase inhibitor to anti-
inflammatory as well as anti-tumor effects. However, these natural products suffered from
limited supplies from natural sources. In addition, the absolute configuration of

penicimutanin A and penicimutanolone remained undetermined.[?
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Biosynthesis of high value natural products with commercial potential. Currently focused on
investigating the biosynthesis of indole diterpenes in filamentous fungi.
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Nodulisporic Acid Biosynthesis: A Multifunctional Monooxygenase Delivers
a Complex and Highly Branched Array

Alistair T. Richardson?, Rosannah C. Cameron?, Luke J. Stevenson?, A. Jonathan Singh?, Yonathan
Lukito?, Daniel Berry!, Matthew J. Nicholson?*, and Emily J. Parker®*

Ferrier Research Institute, Victoria University of Wellington Wellington 6012 (New Zealand); Maurice Wilkins Centre for Molecular
Biodiscovery (New Zealand); Centre for Biodiscovery, School of Biological Sciences, Victoria University of Wellington (New Zealand).
2Wellington Univentures, Victoria University of Wellington, Wellington 6012 (New Zealand). *Corresponding Author.

Nodulisporic acids are structurally complex indole diterpenes renowned for their potent anti-insect
properties. We previously reported the biosynthetic gene cluster for these metabolites in Hypoxylon
pulicicidum and now report the complete elucidation of their biosynthesis through heterologous
expression of cluster encoded gene products in Penicillium paxilli.

The complex and highly branched nature of this biosynthetic pathway arises due to modification of
the carboxylated prenyl tail by a single promiscuous P450 monooxygenase, NodJ). Through
heterologous recombination and feeding studies we have shown that Nod) acts on a key
intermediate, NAD, (nodulisporic acid D4), to generate four distinct products (Figure 1), NAD, NAD;,
NADs and NADs.

The catalytic promiscuity of NodJ can be rationalized as oxidation at two separate sites, with
additional complexity introduced through formation of an allylic radical intermediate which
partitions to either NAD through loss of hydrogen or to NADg through reaction with an iron-bound
hydroxyl radical. This mechanistic bifurcation is crucial to the generation of chemical diversity in
nodulisporic acid biosynthesis giving rise to the metabolic grid that characterises this pathway and
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It is a certain challenge to obtain metabolites from microorganisms derived from the marine
environments due to a large part of the metabolic potential of such microorganisms are not
released under the conventional laboratory cultivations. This problem could be alleviated
by using genome mining and synthetic biology tools which either facilitate the activation of
target gene clusters in situ or expressing them in heterologous hosts. We have set up the
natural product isolation and characterization, biosynthetic study and metabolic
engineering platforms which are effective on searching of bioactive compounds from
marine environments such as deep sea, polar regions and mangrove ecosystems. In our
recent work, heterologous expression of a type Il PKS biosynthetic gene cluster (BGC) cloned
from a marine derived actinomycete strain Streptomyces sp. led us to isolate and
characterize a series of cytotoxic angucycline derivatives including spirocyclione A (1), with
a novel oxaspiro[benzochromene-2,1'-cyclohexane] architecture, and spirocyclione B (2),
with an intriguing di-carboxylic substituted benzochromene scaffold. Biosynthesis studies
confirmed the unique structures of 1 and 2 were produced from unprecedented flavin-
dependent oxidation steps where SpiH3 catalyzed the oxidative cleavage of the C12-C12a
bond of an early angular intermediate to form the oxaspiro structure in 1, and SpiH1, a new
member of BVMOs in the antibiotic biosynthesis monooxygenase (ABM) superfamily, was
responsible for the C12a-C12b bond cleavage of 1 to give the A-ring opened product of 2.
Above work reveals an unprecedented pattern of post-PKS modification on angucycline
skeletons that contribute structural diversity and complexity to aromatic polyketides.
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Finding the unknown: developing an unbiased screen for immunoregulation
Anne C La Flamme
Victoria University of Wellington

In searching for new compounds to regulate or activate the immune system, many
researchers are focused on a single target or activity because that targeted pathway has
been shown to be important in a particular disease. Thus, the screens developed for this
application focus solely upon one pathway without any appreciation for the wider impacts
that bioactive compounds may have on the network of cellular processes. To balance this
target-guided approach, we have been building a discovery platform to understand the
immunomodulatory potential of novel compounds in a more unbiased manner. This tiered
screening approach is being developed and optimized to characterize the individual
immunomodulatory activity of single compounds but also to build a wider understanding of
how immunological networks interact. Together, this approach will facilitate the
identification of compounds’ mechanisms of action and may help predict side effects
mediated by “off-target” activities.
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Immunotherapy has become the most advanced means of anti-tumor. However, there are still
some disadvantages, such as less response population, drug resistance and high price for PD-
1/PD-L1 antibody drug developped from T cells. NK cells are the core cells of the innate
immune system and the innate counterpart of cytotoxic T cells. Recent years, the development
of immunotherapeutic drugs based on NK cells is a hot spot in the field of antitumor research.
At present, cell therapy, antibody and cytokine drugs for NK activation are developing rapidly,
while small molecule drugs are still in the early stage of discovery. We found that 1778, a novel
small molecule compound with azaphilone structure from marine fungi, effectively and
selectively enhanced activation of NK cells with maximum efficiency equivalent to IL-15.
Moreover, 1778 exhibited potential inhibition effects in the lymphoma growth and melanoma
metastasis, and 1778 promoted anticancer efficacy of anti-PD1 antibody with improvement of
tumor microenvironment. The mechanism study showed that this effect was dependent on a

new signaling pathway of Jak1/Jak2-STAT5 evoked by 1778. The study is of great significance

for the development of 1778 as a new immunotherapeutic drug.
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