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Welcome to the School of Chemical Sciences
Research Showcase
I am very pleased to welcome you to the 9th Annual School of Chemical Sciences
Research Showcase. Our Showcase provides an opportunity for us to share our
excitement about research with the broad Chemical Sciences community.
We welcome our research students and fellows, commercial suppliers and research
partners, along with all other attendees who wish to learn about our research.
Over 100 PhD students from our School will be presenting their research in
interdisciplinary areas such as Food Science, Forensic Science, Green Chemical
Science, Materials Chemistry, Medicinal Chemistry, and Wine Science, as well as in
the traditional disciplines of Analytical, Inorganic, Organic, and Physical Chemistry.
Seven PhD students have been invited to give 15-minute presentations on their
research, while all our first-year PhD students will give 2-minute “Thesis Challenge”
talks which give an insight into the breadth of research activities in our School.
A major component of the day is the poster display, which features the research of
most of our PhD students. Please take the opportunity to read the posters and talk
with the presenters.
From previous experience I know that there will be eye-opening and inspiring
research on display.
This Showcase is close to the anniversary of our School moving most of our research
activity into the Science Centre complex including the new Building 302. The new
laboratory facilities are a big step forward in design and safety, and provide a
platform for innovative research in the years ahead.
We still maintain key facilities on Waiheke (Wine Science programme) and at
Newmarket (Polymers and materials research) as well as interdisciplinary
laboratories shared with Biological Sciences, Engineering and Physics.
That good news about our facilities complements our successes in seeking research
funding and engaging a talented pool of postgraduate students and research
scholars.
I am sure that you will sense the energy and enthusiasm in our students as they
discuss their projects.
Finally, I thank the members of the Research Showcase Committee, and especially
the Chair Dr. Bruno Fedrizzi for organising this celebration of our research.

Associate Professor Gordon Miskelly
Head, School of Chemical Sciences
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Keynote Lecture 1
What are universities for?
Professor Cather Simpson
Director, the Photon Factory,
School of Chemical Sciences and Department of Physics,
The University of Auckland.

Universities all over the world are undergoing a dramatic transformation. In addition to the
traditional, "ivory tower" pillars of discovering new knowledge and educating the next
generation, universities now strive to have a positive economic influence on their cities,
regions, nations and the rest of the world. In this presentation, I will discuss the evolution
universities - and their professors - into important economic drivers. To illustrate, I will
describe the path of the Photon Factory from its early (and rapidly aborted) incarnation as a
blue-skies chemical dynamics lab into an outwardly facing research centre and innovation hub
in which our fundamental science is complemented by targeted and fully-fledged, applied
research. What are the benefits – and tensions – that come from commercially-facing contracts
and entrepreneurial spin-offs like Engender Technologies? Should universities be developing
technology to sort sperm by sex for the dairy industry?
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Keynote Lecture 2
My Chemical Journey
Keith Hunter
Department of Chemistry, University of Otago

Professor Hunter was born and raised in Auckland and
attended the University of Auckland from 1970 to 1973,
majoring in Chemistry. He was awarded a Rutherford
Memorial Scholarship by the Royal Society of London
and in 1974 studied for PhD in marine chemistry at the
University of East Anglia in Norwich, United Kingdom.
After a post-doc in Paris and then another in the UK he
was appointed as a lecturer at the University of Otago in
Dunedin, a city he had never visited. He was promoted
to professor in 1994 and became Head of the Department
of Chemistry in 2005. In 2010 he became Pro-ViceChancellor of Sciences until he retired at the end of
2016. He is currently employed part-time back in the
Department of Chemistry.

In this talk Professor Hunter will give a personal and somewhat self-indulgent account of his
chemical journey since graduating from the University of Auckland in 1972. He will describe
the important influences on his career and explain how he ended up being a Professor at the
University of Otago.
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Lecture 1
Intrinsically healable, stretchable and conductive
poly(3-hexylthiophene) graft copolymers
Paul Baek
Nihan Aydemir, Yiran An, Eddie Wai Chi Chan, Anna Sokolova, Duncan McGillivray,
David Barker, and Jadranka Travas-Sejdic

Electronic materials that can stretch and heal without loss of their electronic function are key elements
for stretchable electronics. The majority of organic materials, such as conjugated polymers, can be
engineered to be flexible but are not inherently stretchable. Herein, a unique molecular approach to
intrinsically stretchable and healable conjugated polymers is reported for the first time. The simple yet
versatile synthetic procedure allows one to fine-tune the electrical and mechanical properties without
disrupting the electronic properties of poly(3-hexylthiophene) (P3HT). The designed material is
comprised of hydrogen-bonding graft copolymer with P3HT backbone. The morphological changes
affected by the composition of insulating side chains, as well as the solvent quality of the casting
solution, play a crucial role in leading to highly stretchable and room temperature healable conductive
electronic materials. The newly developed technique towards functionalization of conjugated polymers
is suitable for fabricating a broad range of stretchable organic electronics.1

Figure 1. Schematic diagram of intrinsically stretchable and healable conjugated polymer with grafted
functional side chains (shown in blue).

1. Baek et al. Adv. Func. Mat., 2017, Submitted
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Lecture 2

Detection and decontamination of methamphetamine at clan labs
Mansa Vijayanunni Nair
Gordon Miskelly, Bruno Fedrizzi
Methamphetamine is a drug that is synthesised quite commonly in New Zealand, due to its
popularity, easy manufacturing and abundance of raw material. This has resulted in the
contamination of a number of homes, motels and other buildings around the country. This
research project looks at developing a method to sample and detect methamphetamine at
these former clandestine laboratory sites, as well as their effective remediation.
Dynamic solid phase microextraction (SPME) is a technique that was previously used to
sample air inside a suspected lab, and test it for methamphetamine1. However, it was not
sensitive enough to detect methamphetamine at sites of low concentration. We addressed this
issue by using high surface area capillary microextraction (CME) devices, coupled with gas
chromatography/mass spectrometric analysis2. This technique could consistently detect
methamphetamine at concentrations of 0.42-4.2 µg m-3, and could be pre-loaded with a
deuterated internal standard for quality control.
An ideal decontamination process would breakdown methamphetamine into innocuous
compounds without adversely affecting building material. We are now attempting to
determine if hydrogen peroxide-based decontaminants can be used to remediate these sites.
Preliminary results have shown significant decomposition, and we are currently trying to
identify the reaction products formed.
1.
2.

McKenzie, E. J.; Miskelly, G. M.; Butler, P. A. G. Analytical Methods 2013, 5, 5418-5424.
Nair, M. V.; Miskelly, G. M. Forensic Science International 2016, 268, 131-138.
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Lecture 3

Targeting Mycobacteria tuberculosis isocitrate lyases to treat latent tuberculosis
Ram Prasad Bhusal, Ghader Bashiri, Brooke X C Kwai, Krunal Patel, Jóhannes Reynisson,
Jonathan Sperry, Ivanhoe K H Leung
Tuberculosis (TB) is an infectious disease that is caused by Mycobacterium tuberculosis. TB has a long
latency period; once a human is infected with M. tuberculosis, the bacteria may stay inactive within
macrophages for many years leading to a syndrome that is known as latent TB. As M. tuberculosis can
only spread from those who have developed active pulmonary TB, treatment of latent TB infection for
high risk individuals is a viable strategy to control the disease. The enzymes isocitrate lyase (ICL)
isoforms 1 and 2 play essential roles in the survival of M. tuberculosis in the latent phase. ICLs are not
present in humans and are therefore promising potential therapeutic targets for the development of new
anti-TB agents. Herein, we describe our use of a combined structural biology, molecular biology,
computational chemistry and biophysical approach to obtain structural and mechanistic understandings
of the M. tuberculosis ICL enzymes. Our work may pave way for the development of new therapeutic
agents against TB.

1.

Bhusal, R. P.; Bashiri, G.; Kwai, B. X. C.; Sperry, J.; Leung, I. K. H. Drug Discovery Today 2017, 22, 1008-1016.
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Lecture 4
Morphology and dissolution of cranberry juice
during single droplet drying
Jingying Zhang1
Nan Fu2, Xiao Dong Chen2, Siew Young Quek1*
1
2

Food Science, School of Chemical Science, The University of Auckland, Auckland 1010, New Zealand

School of Chemical and Environmental Engineering, College of Chemistry, Soochow University, Suzhou
215123, China

American Cranberry (Vaccinium macrocarpon Ait.) is a rich source of phenolic compounds, which are
linked with various health benefits. Spray-drying is a most widely applied technique for manufacturing
fruit powder, due to the efficiency, low cost and short residue time. Cranberry juice has successfully
been spray-dried earlier to study the physicochemical changes during processing. However, drying
mechanisms and behaviours are still unclear.
In this study, single droplet drying approach was employed on cranberry juice, which simulated the
corresponding spray-drying conditions. 1 Cranberry juice was encapsulated with 4 different wall
materials (Maltodextrin (MD) with different DE, and Gum Acacia (GA)). Droplets of 2µL feeding
solutions were suspended on a glass filament above hot air flow, and the surface formation phenomena
was monitored by camera. The dissolution test was conducted to investigate the wetting behaviours of
the semi-dry or dry particles, by attaching a 2µL water droplet to particles at various drying stages. The
drying and rehydration behaviours were observed and compared among different wall materials at
varied drying stages. The microstructures of the particles were investigated by scanning electron
microscopy (SEM). The results indicated the drying mechanisms of cranberry juice with various wall
materials.

Figure 2. Dissolution Process for GA
encapsulated cranberry juice particle

Figure 1. Drying Process for
cranberry juice encapsulated with GA

Figure 3. SEM images of dried cranberry particle encapsulated with GA.
(a) Surface (90×) (b) Surface (300×) (c) Cross section (100×) (d) Cross section (300×)
1.

Lin, S.X. Q.; Chen, X.D. Improving the glass-filament method for accurate measurement of drying
kinetics of liquid droplets; Chem. Eng. Res. Des. 80 (4). 401-410, 2002.
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Lecture 5

Ultrafast dynamics of boron porphyrin/porphyrinoid complexes that push the limits of
porphyrin flexibility
Nina Novikova1,2,4
M. Cather Simpson1,2,3,4, Penelope J. Brothers1
1 MacDiarmid Institute for Advanced Materials and Nanotechnology
2 The Dodd-Walls Centre for Photonic and Quantum Technologies
3 The University of Auckland, Department of Physics, 23 Symonds Street, Bldg 301, Auckland 1010, New
Zealand
4 The University of Auckland, Photon Factory, 23 Symonds Street, Bldg 301, Auckland 1010, New Zealand

Photophysical and photochemical properties of photoactive compounds are often determined by the
ultrafast dynamics that occur immediately after irradiation with light. The initial interaction with light
is very fast, on a femtosecond (10-15s) time scale and many processes that follow occur on a similarly
fast time scales, between tens of femtoseconds to a few nanoseconds (10-9s). A detailed understanding
of the dynamical processes that a photoactive compound undergoes directly after irradiation is
therefore essential in order to understand their overall properties and potential applications. A study of
those processes in real time is possible using such pump/probe techniques as transient absorption
(TrA) spectroscopy and time resolved fluorescence/phosphorescence spectroscopies with further
information that is obtained using laser induced acoustic spectroscopy, quantum chemical calculations
and static spectroscopy methods. The efficiency and timescales of photophysical processes were
determined for a library of boron porphyrin and boron porphyrinoid complexes with unique structural
features.1 The versatility and unusual coordination motifs available to boron porphyrin complexes as
well as structural similarity to the BODIPY dyes used in fluorescent labelling offers intriguing
possibilities for the application of these complexes.2 Special attention was paid to the effect of
structural changes on the photosensitising properties important in photodynamic therapy applications.

Figure 1. An example of a Jablonski diagram showing relaxation pathways possible for a porphyrin
(left), ultrafast pump/probe transient absorption spectroscopy setup (right).

1.

Weiss, A.; Hodgson, M. C.; Boyd, P. D. W.; Siebert, W.; Brothers, P. J., Chem. -Eur. J. 2007, 13 (21), 5982-5993

2.

Belcher, W. J.; Boyd, P. D. W.; Brothers, P. J.; Liddell, M. J.; Rickard, J. Am. Chem. Soc. 1994, 116 (18), 8416-17
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Lecture 6
Synthesis, Antibacterial and Anti-Biofilm Potential of Human Autophagy 16
Polypeptide and Analogues
Kyriakos Gabriel Varnava
Jóhannes Reynnison, a Srinivasrao Raghothama b and Vijayalekshmi Sarojini a
a. School of Chemical Sciences, The University of Auckland, Private Bag 92019, Auckland, New Zealand.
b. NMR Research Centre, Indian Institute of Science, Bangalore 560012, India

With bacteria gaining resistance over conventional antibiotics, novel antibiotics need to be developed.
Peptides, due to their wide range of activity and potency can be excellent platforms as novel antibiotics.1
In this study we report a novel family of AMPs derived from the human Atg16.2 The rationale for our
study was to determine whether Atg16, the human autophagy polypeptide, similar to other cationic
peptides would be antibacterial and, if so, to determine its spectrum of activity, potency, mechanism of
action and engineer more potent analogues. The results of our assays demonstrate that the human
autophagy 16 polypeptide (Atg16) has antibacterial and antibiofilm potential, perturbs both Gram
positive and negative bacterial membranes and subsequently also produces ROS in compromised
bacteria. Engineered Atg 16 analogues containing 1- and 2-naphthyl alanines showed significant
enhancement of antibacterial activity and eradicated biofilms while also possessing negligible
hemolysis of mouse erythrocytes. This new family of antibacterial peptides are promising candidates in
the fight against bacterial biofilms, responsible for several thousand deaths annually which are predicted
to rise into the millions.

Figure 1. Engineered Atg 16 analogues containing 1- and 2-naphthyl alanines showed significant
enhancement of antibacterial activity

1.
2.

De Zoysa, G. H.; Cameron, A. J.; Hegde, V. V.; Raghothama, S.; Sarojini, V. Journal of Medicinal
Chemistry 2015, 58, 625-639.
Otomo, C.; Metlagel, Z.; Takaesu, G.; Otomo, T. Nat Struct Mol Biol 2013, 20, 59-66.
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Lecture 7
Optimisation of the eco-friendly extraction of bioactive monomeric phenolics and useful
flavour precursors from grape waste
Rebecca Jelley
D. Barker, B. Fedrizzi
Grape marc is an underutilised bio-waste comprising predominantly grape skin and seeds. It is produced
as a waste product of winemaking on the million-tonne scale annually. The most important high-value
current use of grape marc is in the production of oenological tannins - widely-used additives in the food
and beverage industry. More commonly, grape marc is simply either disposed of, or used as feed or
fertiliser. With recent evidence showing that extracts enriched in grape tannins contain significant
amounts of the thiol precursors 3-S-cysteinylhexan-1-ol and 3-S-glutathionylhexan-1-ol, and the
possibility that these could influence food and beverage aroma1, it was decided to investigate grape
marc extraction procedures, in order to try to define extraction protocols that could maximise the
recovery of these compounds.
Two thiol precursors and eight monomeric phenolics were identified and simultaneously extracted from
Sauvignon Blanc grape marc using solid-liquid extractions.2 The optimal solvent ratio of
acetone:water:ethanol was explored across 66 different solvent combinations. Effective extraction of
thiol precursors required a high water content, which is an advantage from an economic and
environmental perspective, while for the most abundant phenolic, quercetin 3-O-glucoside, optimal
extraction levels were achieved using a 40:50:10 solvent mixture. In addition, this is the first
identification of thiol precursors in grape marc, which adds a significant potential commercial value to
this underutilised waste product.

Figure 1. Ternary diagrams illustrating the extraction effectiveness of various solvent combinations
for the selected phenolics, trans-caftaric acid and reservatrol from grape marc.

1.
2.

Larcher, R. et al. Food Chem. 2015, 166, 56–61.
Jelley, R. E. et al. ACS Sustain. Chem. Eng. 2016, 4 (9), 5060–5067.
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A new indole to benzoxazole
rearrangement enabled by C-H
borylation
Kirsty Anderson
kand719@aucklanduni.ac.nz
A/Prof Jonathan Sperry
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Studies towards the total
synthesis of Annotinolide C
Nicola Brant
nbra166@auckland.ac.nz
Prof. Margaret Brimble Research Group
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Polysilanes:
The Unabridged Version
Kristel Castillo
kcas061@auckland.ac.nz
Dr Leitao Research Group
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Compositional characterisation and potential health
benefits of New Zealand grown fungus, Hericium coralloides
Grace Chen
zche696@aucklanduni.ac.nz
A/Prof Siew-Young Quek Research Group
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Research aim

To gain a scientific understanding of the active chemical
constituents in Herium corralloids through a combination of
c h e m i c a l c h a r a c t e r i z a t i o n a n d b i o a c t i v i t y ex p l o r a t i o n .
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Heterogeneous Lithiation of V2O5
Andrew Ching
achi996@aucklanduni.ac.nz
Dr Soehnel Research Group
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A Toolbox of Chemical
Transformation

Research Showcase 2017

Photo-crosslinked
Meridianin F derivatives for
the identification of a PSANCAM modulator
Ryan Joseph Dixon
rdix785@aucklanduni.ac.nz
Associate Prof. Jonathan Sperry
Prof. Ivanhoe Leung
Associate Prof. Maurice Curtis
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• Meridianin F

• Photoaffinity labelling
(PAL)
• Target Isolation
• Protein profiling using
Mass spectrometry
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AGEd peptides and their
link to Diabetes
Jakob Gaar
jgaa804@auckland.ac.nz
Prof. Margaret Brimble
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Advanced Glycation Endproducts (AGEs)
and Diabetes
Aim of my work
 Structural properties



NMR
X-ray crystallography

 Biological properties



415 M. patients
worldwide

Diabetes
Mellitus

240,000 diagnosed in NZ

Immunochemistry
Receptor binding

Participation in the
pathogenesis

Hyperglycemia

Sugar
AGEs
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Modification of
long-lived peptides
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Optimising the octapeptins: antimicrobials and
hydrogels inspired by battacin lipopeptides
Hugh Glossop
hglo647@aucklanduni.ac.nz

O

Dr Viji Sarojini Research Group
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Engineering self-assembling peptide antibiotics
Example from the lab

Method

Aim
Turn peptide antibiotics into
antibacterial hydrogels.

Modify known peptide antibiotics with
hydrogel forming groups, e.g. aromatics:
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X-ray spectroscopy of
vapour adsorption across a
metal-insulator transition
Dana Goodacre
dgoo930@auckland.ac.nz
Prof. Kevin Smith and A/P Tilo Söhnel Research Group
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VO2 metal-insulator transition

What happens when
we add water?
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Total Synthesis of Leonuketal
Phillip Grant
pgra177@aucklanduni.ac.nz
Supervised by Dist. Prof. Margaret Brimble and Dr. Daniel Furkert
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Structural and Inhibition Studies
of ACC Oxidase
Dona Gunawardana
dgun031@auckland.ac.nz
Dr Leung Research Group
A/Prof Chris Squire
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X-ray crystallography

Protein purification

Biophysical techniques

Virtual screening & modelling
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Investigating O-BODIPYsugar binding for analysis,
sensing and visualisation of
saccharides
Miriana Horacek-Glading
mhor003@auckland.ac.nz

Professor Penny Brothers &
Dr David Ware’s Research Group
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Light-Driven Hydrogen Production by
BODIPY-Sensitized Cobaloxime Catalysts
Deepika Kanyan
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dkan613@aucklanduni.ac.nz
Professor Penny Brothers and Dr David Ware

•

Fossil fuels are depleting rapidly.

•

Renewable source of energy.

•

Clean burning fuel.
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Nanotoxicology: How do
nanoparticles invade your cells?
Shinji Kihara
skih331@aucklanduni.ac.nz
Dr Duncan McGillivray Research Group
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HOW DO NANOPARTICLES INVADE
YOUR CELLS?

?
Questions to be addressed:
• What properties of nanoparticles
govern the toxic actions?
• How do nanoparticles perturb the
membrane structure?

2
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Alkaloid synthesis enabled
by pyrrole C-H borylation
Magdalena Kohut
mkoh928@aucklanduni.ac.nz
A/Prof Jonathan Sperry Research Group

Violaceous colonies of Chromobacterium violaceum on a blood agar plate.
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Synthetic studies towards deoxychromoviridan
Synthetic route utilising Ir-catalysed C-H borylation methodology

•
•

•
•

Green pigment in acidic and neutral
media, red in basic medium
Isolated in 1998 from
Chromobacterium violaceum in
a cell-free system
No reported synthesis
Interesting properties: metal
chelation capability with iron,
copper, zinc and cobalt salts
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Synthesis and Analysis of Marine
Natural Product Plicatamide
Yangyi Lai
ylai042@aucklanduni.ac.nz
A/Professor Brent Copp Research Group

• Isolated from ascidian blood cells
•

Activity against Gram-positive organisms:
S. aureus and L. monocytogenes
& Gram-negative: E. coli and P.
aeruginosa

•

Antimicrobial peptides (AMP)

•

Strong surface adsorption and crosslinking

•

AMP with dehydrodopamine (dcΔDOPA)

Borom, J. Awesome Ascidians v2.0; 2016.
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Plicatamide
Phe-Phe-His-Leu-His-Phe-His-dcΔDOPA

Synthesis

Future works
• Bioassay against selected
bacteria to find
antimicrobial activities
• Synthesis of analogues and
extensive structure-activity
relationship studies
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Development of fluorescent metal
complexes: cancer treatment and tool for
chemical biology

Betty Lee
blee090@auckland.ac.nz
Professor Christian Hartinger Research Group
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Piano-stool complexes:
Structural features

Fluorescent metal
complex

NMR studies
UV-vis and fluorescence
studies

Antiproliferative assays
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Antibiotics from New
Zealand Fungi
Steven Aaron Li
sli359@aucklanduni.ac.nz
A/P Brent Copp Research Group
Co-supervised by Siouxsie Wiles FHMS
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Extraction and Isolation of Natural Products

?
Research Showcase 2017

School of Chemical Sciences
Research Showcase 2017

Bioinformatic tools for the
analysis and interpretation of
forensic sequencing data
Alex Liu
yliu575@auckland.ac.nz
Dr SallyAnn Harbison Forensic Biology, ESR
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Forensic DNA Analysis
Modern sequencers generates big data

Sequence





Develop new software tools
Use these to cross validate “on
instrument” tools
Use these tools and machine learning to
learn about DNA and make predictions
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The Effect of the Antioxidants Glutathione and
Ascorbic Acid on Pinot Gris and Sauvignon
Blanc Wines
Xiaotong Lyu

xlyu469@aucklanduni.ac.nz
Dr Paul Kilmartin Research Group
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Main Points
6 Different Marlborough Sites
3 Pinot Gris and 3 Sauvignon Blanc
Different Levels of Glutathione and Ascorbic Acid
Thiols, Polyphenols, Esters, C6 Analysis
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Towards a Cure for Batten
Disease- A Structural and
Biochemical Study
Oi Wei MAK
omak089@aucklanduni.ac.nz
Dr Ivanhoe Leung Research Group
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Symptoms
6m

- Seizure

- Blindness
10y/o - Death

Autosomal
recessive
inheritance

Lysosomal
storage
disorder

CLN1
mutation
→ PPT1
deficiency

Unresolved
treatment
protocols

Healthy nerve cell

INCL nerve cell
membrane

Enhancement of Batten disease
PPT1

DHHC3/7

PPT1

PPT1

Inhibit DHHC3/7 to
improve the efficacy of
PPT1 ERP

PPT1

PPT1

PPT1

PPT1

PPT1
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Anticancer agents based on N-heterocyclic carbene (NHC) ligands:
Towards compounds with multiple functionalities
Hadi Mazruee Kashani
hmaz942@auckland.ac.nz
Prof.Christian Hartinger Research Group
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compounds

R

Ru (II) compounds

NH
+

NH3

Cl
Pt

H
N
Cl

Ru
P

Cl

N

N

Cl

Cl
Ru

Cl

NH3

Cl

Cl
DMSO

NAMI-A
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Significant side effects
Intrinsic and acquired drug
resistance
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New generation of
anticancer drugs :
clinically investigated
non-DNA targeted

Ru(II)-arene piano-stool
complexes
tunable biological activity
multimodal anticancer
agents

cathepsins

cyclooxygenases
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UNDERSTANDING THE STRENGTHS
OF HUMAN OXYGEN BIO-SENSORS
Naasson Mbenza
mnaa868@auckland.ac.nz
Dr Ivanhoe Leung research group
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UNDERSTANDING THE STRENGTHS OF HUMAN
OXYGEN BIO-SENSORS
Oxygen Sensing
Enzyme (PHD2)

O2
Substrate

CO
In Situ

Solid storage and
delivery of CO
(CORM-2)

MALDI-TOF
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Tony Melton
amel015@aucklanduni.ac.nz
Prof James Wright Research Group
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Graphite:Polytetrafluoroethylene Electrodes
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Synthetic Studies towards
Inducamide C & Breitfussin B
Ardalan Nabi
anab813@auckland.ac.nz

A/Prof Jonathan Sperry
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CHEMOTHERAPY: MORE EFFICIENT
- LESSER SIDE EFFECTS
Jinal Patel

jpat649@auckland.ac.nz
Dr Ivanhoe Leung Research Group
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X-Ray Crystallography

Aim of the research is
to develop novel and
potential inhibitor of
human Tyrosyl-DNA
phosphodiesterase
(TDP1) enzyme so we
can improve the
efficiency of cancer
chemotherapy

2
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Synthetic Studies towards
the Marine Toxin
Portimine
Esperanza Pearl
epea620@auckland.ac.nz
Supervised by Dist. Prof. Margaret Brimble and Dr Daniel Furkert
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Low in vivo toxicity in mice
High in vitro activity against leukaemia and lymphoma
cell lines
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Chemical transformations of the
biomass-derived building block
3-acetamido-5-acetylfuran (3A5AF)
Thuy Trang Pham
tpha744@auckland.ac.nz
A/Professor Jonathan Sperry Research Group
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http://www.mesa.edu.au/crustaceans/default.asp

Green Chem., 2014,16, 2204–2212

Target: Synthesize a variety of useful compounds bearing nitrogen from 3A5AF
Transformation of 3A5AF
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Chemical mechanisms
underlying the activity of
hypoxia-seletive anticancer drugs.
Wendy Qi
wqi066@aucklanduni.ac.nz
A/P Bob Anderson
Free Radical Research Group
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ACSRC
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(BTO)
Benzotriazine dioxide
R= NH2/CH3/Ph
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(QDO)
Quinoxaline dioxide
R= NH2/CH3/Ph

Scheme 1. Mechanism of action of tirapazamine (TPZ)
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Methods
• Pulse radiolysis
• Electron paramagnetic resonance (EPR)
• Cell culture

R= NH2/CH3/Ph
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Hybrid self-assembling peptide
towards functionalised biomaterials
Aakanksha Rani
aran480@auckland.ac.nz
Distinguished Prof Brimble Research Group
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Hybrid self-assembling peptide towards functionalised biomaterials
1. IKHLSVN

H to F

2. IKFLSVN

Figure 1. Peroxiredoxin III [1]
Figure 2. Peptides 1 and
2 at 10 mg/ml in water

Better performing
electronic devices
Semiconducting
molecule

Figure 4. Organic semiconductor

Self-assembled
functionalised
semiconductors

[1] Valéry C, Pandey R, Gerrard JA. Chemical Communications 2013;49:2825-7.

Figure 3. Transmission electron
Micrographs of peptide 2 showing
twisted-fiber morphology at 3.7 mg/ml
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Amyloid nanofibril materials for
the delivery of antimicrobials
Romana Schmiedt
rsch445@auckland.ac.nz
Prof Juliet Gerrard Research Group
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Knowles, T. P. J.; Mezzenga, R. Adv Mater 2016, 28, 6546-6561.

Protein nanofibrils as drug delivery platform
Electrospinning
Polycaprolactone

Protein nanofibrils

Electrospun
composite

Native protein

Intermediate

Amyloid fibril

Adapted from: Chiti, F.; Dobson, C. M. Nat Chem Biol 2009, 5, 15-22.

Antibiotics
Silver nanoparticles
Zinc oxide nanoparticles

Controlled antimicrobial release
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Characterization and Functionality of
Selenium Species Extracted from HighSelenium Plant
Pipat Tangjaidee
ptan226@auckland.ac.nz
A/P Siew Young Quek Research Group
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https://www.visoflora.com/photos-nature/photo-malus-hupehensis.html

Malus hupenensis
Biotransformation

Selenium species

Inorganic

Selenomethionine

• Saccharomyces
• Aspergillus
• Lactobacillus

Selenium
speciation
Organic

Functional properties
•
•
•

Antioxidant
Anti-inflammation
Anticancer

Selenocysteine
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Two are better than One
Heterodinuclear Anticancer Complexes as Drug Carrier
Kelvin Tong
kton030@aucklanduni.ac.nz
Prof Christian Hartinger Research Group (Hartinger Hub)
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Drug-resistance

Seeking for controlled release of drug molecule
Piano-stool
Complexes

Cisplatin

Light / Redox / pH

Gets Caged
Multiple Units

Angewandte Chemie International Edition 2008,
47 (20), 3773-3776
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Intrinsically Stretchable Conductive
Polymers for Wearable Organic Electronics
Min Wang
mwan483@aucklanduni.ac.nz
Prof. Jadranka Travas-Sejdic Research Group
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Structural Design

Background*

Poly (thiophene phenylene)

x:y = 1:5
n = 17,30,60

Poly (n-butyl acrylate)

Figure 1. Scheme and structure for graft copolymer PThP-g-PnBA

*Images reprinted from http://lightinghomes.net/gallery/stretchable.asp

Material Characterizations
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Figure 2. (a) UV and PL spectra for four polymers; (b) PThP% and QYs for four polymers.
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Figure 3. (a) Spectroelectrochemistry spectra for PThP-g-PnBA17 ; (b) in situ
CV-UV-Vis-NIR spectroelectrochemistry spectra for PThP-g-PnBA17.
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Exploring the Optical Properties of
Glucose-BODIPY Conjugates aided by
DFT
Martijn Wildervanck
mwil464@auckland.ac.nz
Supervisor: Prof Penny Brothers
Co-supervisor: Dr David Ware

Glucose

Mannose

Galactose
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Fructose

Ribose

sugar

Fluorescent core
sugar

Molecular Modelling and
predicting behaviour

1

Numerous
isomeric forms
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Total Synthesis of Lexapeptide; a new line of treatment
against Multi-Drug Resistant (MDR) bacteria
Elyse Williams
ewil932@aucklanduni.ac.nz
Dist. Prof. Margaret Brimble Research Group
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Total synthesis of Lexapeptide
Isolated from
Streptomyces
rochei

Lanthipeptide class of antibiotics
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Synthesis of the First Tridentate Ligand that incorporates both Pyridinylidene Amide
(PYA) and Remote N-Heterocyclic Carbene (rNHC) donors groups
Ayiya B. Bitrus
L. James Wright
Our focus is to develop a new series of strong electron donor ligands that are anticipated to give rise to
electron rich metal complexes vital for applications in homogeneous catalysis. Ligands with
pyridinylidene amide (PYA) and N-heterocyclic carbene (NHC) donor groups form an interesting
subclass of strongly donating ligands. It has been shown that the flexibility and varying degrees of
electron donor ability of these ligands can stabilize the transition metal catalysts in several catalytic
organic and organometallic reactions. 1-4 However, ligands that feature both remote N-heterocyclic
carbene (rNHC) and PYA donors have not been reported previously. In rNHCs, the nitrogen
heteroatom is not located next to the carbene carbon within the carbocyclic ring, but instead is distant
or remote from it. In a development of this concept, we have synthesised the target multi-dentate proligand 3 through the condensation reaction of 3,5-pyridinedicarbonyl dichloride 1 with 4-Amino
pyridine in the presence of a base to give 2 followed by reaction with methyl triflate to alkylate the
pyridine nitrogen atoms and give 3. Deprotonation of the amide nitrogen of 3 and thermal C-H
activation with a palladium(II) precursor in the presence of sodium acetate under reflux in acetonitrile,
cleanly affords the rNHC-PYA palladium(II) metal complex 4. This compound has been
unambiguously characterized by NMR and infra-red spectroscopy, mass spectrometry, elemental
analysis, and X-ray crystallographic studies.

1. Peter D. W. Boyd.; L. James, W.; M . Naveed, Z. Inorg. Chem 2011, 50, 10522–10524.
2. Schuster, O. Chem. Rev. 2009, 109, 3445-3478.
3. Kate, F. D.; Candela, S.; Li-Xiong, S.; Rachelle, S.; Helge, M .; M artin, A. Organometallics 2015, 34, 4076−4084.
4. Vivienne, L.; Daniel, J. C.; Juan, O.; Helge, M .; L. James, W.; M artin, A. Inorg. Chem 2014, 53, 54−8060.
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Poster 2

Comparing Some Physico-Chemical Properties of Caseinates Obtained from A2 Milks and
Normal Milk
Weam S. Banjar
Yacine Hemar

Different genetic variants exist within different milk proteins, which might affect the functional properties
of the milks. Beta-casein has 13 different genetic variants, and A1 and A2 are the most common variants
among them. The difference between those two genes is one amino acid in β-casein chain at position 67.
There has been a large number of ongoing debate about how A2 milk is beneficial for human health.
However, there has been limited studies on the physico-chemical properties of these milks or on
ingredients obtained from these milks. In this study, A1A2 milk, containing both A1 and A2 β-casein, and
A2 milk containing only A2 β-casein variant, are considered. Sodium caseinates were obtained from
A1A2 and A2 milks and investigated using liquid chromatography coupled with tandem mass
spectrometry (LC− MS/MS), rheology and light and x-ray scattering methods. Sodium caseinates were
dissolved in Double distilled water (ddH2O) at concentrations ranging from 0.01 to 10%. Particle size
and rheological results showed clearly that the properties of the caseinate solutions are the same, which
would strongly indicate that the overall functionality of caseinates is not affected by the β-casein genetic
variant.
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Poster 3
RSoXS – A Powerful New Tool for Probing Photonic Crystal Architectures
Andrew Chan
Isvar Cordova , Gregory Lumpkin , Dongxiao Sun-Waterhouse, Geoffrey Waterhouse
1

2

1
Advanced Light Source, Lawrence Berkeley National Laboratory, Berkeley, California, United States
Institute of Materials Engineering, Australian Nuclear Science and Technology Organization, Lucas Heights,
New South Wales, Sydney, Australia

2

The periodic structure of inverse opal photonic crystals creates photonic band gaps (PBGs), which can
be exploited to enhance the performance of semiconductor photocatalysts for various photoreactions
via a phenomenon known as the slow photon effect. Literature reports of the slow photon effect in metaloxide inverse opal photocatalysts typically employ ex-situ characterisation methods, which creates
ambiguity when attempting to establish firm structure-activity relationships.1 Resonant Soft X-ray
Scattering (RSoXS) is a recently developed synchrotron technique that combines small angle X-ray
scattering (SAXS) and X-ray absorption spectroscopy (XAS) allowing for multimodal detection of
electronic ordering phenomena emerging and buried at interfaces (i.e. sites of catalysis). Here, TiO2
inverse opal thin films with PBGs at 400 nm (near the slow photon operating regime) were successfully
fabricated by colloidal crystal templating onto Si3N4 substrates. The films comprised a face centred
cubic (fcc) array of macropores in a nanocrystalline anatase TiO2 matrix whose [111] growth direction
is perpendicular to the underlying substrate. Preliminary RSoXS data in Figure 1 show scattering
features comparable to the dimensions of the various features seen by scanning electron microscopy
(SEM) for the TiO2 inverse opal. Future work will utilize the recently developed in-situ RSoXS/TEM
holder for in-operando photoelectrochemical hydrogen and oxygen gas evolution from alcohol-water
mixtures under AM 1.5 G solar irradiation.

Figure 1. (Top) RSoXS images collected a various X-ray photon energies over the Ti L2,3-edge.
(Centre) SEM image of a TiO2 inverse opal, showing a fcc array of macropores. Coloured shapes
corresponding to scattering features seen in the reduced RSoXS pattern collected at 458 eV (right).
1.
2.

Liu, J.; Zhao, H.; Wu, M.; Van der Schueren, B.; Li, Y.; Deparis, O.; Ye, J.; Ozin, G. A.; Hasan, T.; Su, B.-L. Advanced
Materials 2017, 29, 1605349.
Liu, F.; Brady, M. A.; Wang, C. European Polymer Journal 2016, 81, 555-568.
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Poster 4
Direct N-vinyl amide synthesis via an unexpected [3+2] enolate-vinyl azide
cycloaddition.
Hans Choi, Harry J. Shirley, Paul A. Hume, D. Prof. Margaret A. Brimble, Dr Daniel P. Furkert
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En route to a series of α-quaternary carbonyl derivatives, treatment of α-substituted aldehydes or esters
with azidoiodoethane and base was remarkably found to cleanly deliver N-vinyl acrylamides.1 This
unexpected reaction appears likely to proceed via initial [3+2] azide-enolate cycloaddition, to form a
1,2,3-triazoline intermediate,2 which then undergoes a hydride shift (for aldehydes) or β-deprotonation
(for esters) to generate the product N-vinyl amides. Control experiments suggest that this process occurs
through in situ generation of vinyl azide which is also demonstrated computationally to be a highly
reactive substrate for the cycloaddition.3
N-vinyl amides are valuable intermediates for synthesis and industrially important monomers for
poly(vinylamide)s.4 Exploration of N-vinyl amide chemistry and the applications of poly(vinylamide)
materials is currently limited by the lack of general access to the requisite monomers.5 We expect that
the reaction reported here will accelerate investigation of this compound class. The mechanistic insights
revealed in this study will also contribute to the growing area of direct amide synthesis.

1.

Choi, H.; Shirley, H. J.; Hume, H. A.; Brimble, M. A.; Furkert, D. P. Angew. Chem. Int. Ed. 2017,
doi:10.1002/anie.201702727

2.

a) Olsen, C. E.; Pedersen, C. Tetrahedron Lett. 1968, 9, 3805; b) Yao, L.; Smith, B. T.; Aubè, J. J. Org. Chem. 2004, 69,
1720; c) Xie, S.; Zhang, Y.; Ramström, O.; Yan, M. Chem. Sci. 2016, 7, 713.

3.

Zhang, F. L.; Wang, Y. F.; Lonca, G. H.; Zhu, X.; Chiba, S. Angew. Chem. Int. Ed. 2014, 53, 4390.

4.

a) Gopalaiah, K.; Kagan, H. B. Chem. Rev. 2011, 111, 4599; b) Tu, S.; Zhang, C. Org. Process Res. Dev. 2015, 19, 2045;
c) Duncan, R.; Vincent, M. J. Adv, Drug Delivery Rev. 2013, 65, 60.

5.

a) Kozawa, Y.; Mori, M. Tetrahedron Lett. 2002, 43, 111; b) Willis, M. C.; Brace, G. N. Tetrahedron Lett. 2002, 43,
9085; c) Ahmad, S.; Choudhury, S.; Khan, F. A. Tetrahedron 2015, 71, 4192.
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mRNA translation in Parkinson’s disease
Danilo Correddu and Ivanhoe K. H. Leung
Parkinson disease (PD) is a chronic and neurodegenerative disorder characterised by loss of neurons
that produce dopamine, a hormonal transmitter responsible for the coordination of body movements.1
Although the causes of most PD are unknown, mutations in the leucine rich repeat kinase 2 (LRRK2)
gene were found to be highly correlated to the familial forms of PD.2 The most common mutation is a
glycine to serine amino acid substitution at position 2019 of the kinase domain of LRRK2, which
increases its activity and modifies protein translation. In vitro and in vivo studies have shown that the
ribosomal protein S15 is a substrate of LRRK2, which upon phosphorylation causes translation
dysfunction and subsequent neurodegeneration.3,4
Our aim is to understand how the phosphorylation of S15 is connected to malfunction in mRNA
translation and alteration of protein homeostasis. We employ molecular biology methods and a range
of biophysical techniques to investigate the biochemistry and structure of S15 in order to provide
knowledge for the development of new pharmaceutical compounds.

Figure 1. Ribosomal protein S15 in the ribosome. The phosphorylation of S15 occurs in the
C-terminal tail which may interact with other ribosomal proteins, assembly and translational factors,
mRNA and tRNA during translation.

1.
2.
3.
4.

Cookson, M. R. Annu Rev Biochem 2005, 74, 29-52.
Cookson, M. R. Nat Rev Neurosci 2010, 11, 791-7.
Martin, I.; Kim, Jungwoo W.; Lee, Byoung D.; Kang, Ho C.; Xu, J.-C.; Jia, H.; Stankowski, J.; Kim, M.-S.; Zhong, J.;
Kumar, M.; Andrabi, Shaida A.; Xiong, Y.; Dickson, Dennis W.; Wszolek, Zbigniew K.; Pandey, A.; Dawson, Ted M.;
Dawson, Valina L. Cell 2014, 157, 472-485.
Martin, I. J Parkinsons Dis 2016, 6, 17-27.
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Synthesis and Evaluation of Menaquinone D (MenD) Inhibitors as Potential TB
Therapeutics
Shaun Ferris
Distinguished Prof. Margaret Brimble, Dr. Dan Furkert
Menaquinone (MQ) is a lipid soluble electron carrier, central to normal function of the electron transport
chain of Mtb and other gram-positive bacteria, in both latency and active growth. It presents a
potentially useful therapeutic target as it is not produced in humans. Building on the essential role of
MenD in Mtb survival and the established effectiveness of MenA inhibitors, a series of putative MenD
inhibitors are being designed to explore the potential utility of MenD as a therapeutic target.1
Using a number of complementary approaches, several series of inhibitor candidates are in preparation.
These approaches are informed respectively by; the results of commercial and in-house library
screening, in silico modelling studies, and rational design informed by crystallographic data from key
intermediates in the MenD-catalysed transformation of isochorismate. Progress in design and organic
synthesis of inhibitor candidates will be presented, with a current summary of information gained
through in silico compound docking, crystallography and kinetic assay data against MenD.

Figure 1. Crystal structure of the final intermediate in the MenD catalysed transformation of
isochorismate.2

1. Debnath J, Siricilla S, Wan B, Crick DC, Lenaerts AJ, Franzblau SG, Kurosu M. J Med Chem. 2012; 55:
3739–3755.
2. Jirgis ENM, Bashiri G, Bulloch EMM, Johnston JM, Baker EN. Structure. 2016; 24: 1167–1177.
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Synthesis and Biological Evaluation of the Potent Antibiotic Anthracimycin
Jared Freeman
Dr Daniel Furkert, Dist. Prof. Margaret Brimble

Antimicrobial resistance is a serious threat to humankind, and increasing incidence of
methicillin-resistant Staphylococcus aureus (MRSA) infection represents both a global health and
economic issue. 1 The discovery of novel compounds possessing antibiotic properties is critical to feed
the pipeline for drug development. Macrocycles, consisting of a ring of 12 or more atoms, represent the
middle ground between small molecule entities and biologics.2 Macrocycles are gaining interest as drug
candidates due to their favourable drug-like physicochemical and pharmacokinetic properties such as
good solubility, lipophilicity, metabolic stability and bioavailability. 3
Anthracimycin, a 14-membered macrocycle isolated in 2013,4 is active against a panel of important
drug-resistant bacterial strains, including MRSA (MIC 0.063 mg L-1) and Bacillus anthracis
(MIC 0.03 mg L-1). 5
This work aims to synthesise anthracimycin and structural analogues to elucidate its mechanism of
action and establish the active pharmacophore. An intramolecular Diels-Alder cycloaddition (IMDA)
will be used as a key reaction to furnish the decalin ring system. The complex molecular architecture,
promising biological activity and unknown mode of action makes anthracimycin an interesting target
for chemical synthesis and poses a unique chemical scaffold for drug discovery.
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1. Spellberg, B.; Guidos, R.; Gilbert, D.; Bradley, J.; Boucher, H. W.; Scheld, W. M.; Bartlett, J. G.; Edwards, J.; Amer, I. D.
S. Clin. Infect. Dis. 2008, 46, 155.
2 Yudin, A. Chem. Sci., 2015, 6, 30
3 Levin, J.L.; Macrocycles in Drug Discovery; The Royal Society of Chemistry, 2005; RSC Drug Discovery Series No. 40.
doi:10.1039/9781782623113
4. Jang KH, Nam SJ, Locke JB, Kauffman CA, Beatty DS, Paul LA, Fenical W. Angew. Chem. Int. Ed. 2013,52,7822-7824.
5. Hensler, M. E., Jang, K. H., Thienphrapa, W., Vuong, L., Tran, D. N., Soubih, E., Lin, L., Haste, N. M., Cunningham, M.
L., Kwan, B. P., Shaw, K. J., Fenical, W., and Nizet, V. J. Antibiot. 2014,67, 549−553.
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Stability and Reliability of Gold Electrodes Probed with Various Faradaic Redox
Species and a Non-Faradaic electrolyte for Biosensing Applications
Roshan Khadka1
Nihan Aydemir1, Paul Baek1, Andrew Kralicek2, Jadranka Travas-Sejdic1*
2

The New Zealand Institute for Plant & Food Research Limited, Private Bag 92169, Auckland 1142, New
Zealand

Recent studies reported that electrochemical impedance spectroscopy (EIS) measurements of gold
electrodes using ferri/ferrocyanide redox probe showed non-repeatable signals; hence this electrodeelectrolyte system was not recommended for characterizing various gold surface modifications.1,2 In
this work, we significantly extended upon these studies and investigated the stability and reliability of
the gold electrodes under three different Faradaic redox probes and a non-Faradaic electrolyte, at
different stages of a biosensor surface preparation. Hexaamine ruthenium (III)/(II) chloride
([Ru(NH3)6]3+/[Ru(NH3)6]2+) as a cationic redox probe, potassium ferri/ferrocyanide [Fe(CN)6]3/[Fe(CN)6]4- as an anionic redox probe and hydroquinone (H2Q) as a neutral redox probe were
examined for Faradaic CV and EIS while Phosphate Buffer Saline (PBS) was used as an electrolyte
for non-faradaic EIS and CV experiments. CV and EIS measurements of bare gold electrodes, after
modification with the self-assembled monolayer (SAM) of 6-mercaptohexanoic acid (MHA) and after
activation with standard N-hydroxysuccinimide (NHS)/1-ethyl-3-(3-dimethylaminopropyl)carbodiimide) (EDC) chemistry were conducted at different time intervals to confirm the reversibility
and reproducibility of measured signals within the time frame of our need. Among the four
investigated electrolyte systems, [Ru(NH3)6]3+/[Ru(NH3)6]2+ and PBS buffer without any redox
species showed very stable cyclic voltammograms and impedance spectra even after longer time
periods. [Fe(CN)6]3-/[Fe (CN)6]4- and H2Q redox probes revealed variable and irreversible signals at
the time scale of our measurement. AFM images confirmed the changes in surface morphology and
roughness after treatment with these Faradaic redox probes and non-faradaic electrolyte,
corresponding to the variable electrochemical signals observed. Hence, it is highly recommended to
use hexaamineruthenium complex as the faradaic probe and PBS buffer as the non-faradaic medium
with gold electrodes during CV and EIS in aqueous solutions in monitoring the electrode surface
properties for biosensing applications.

Figure 1. Stepwise surface modifications of a gold electrode suitable for chemical and biological
sensing and electrochemical measurements at each step.

1.
2.

Lazar, J.; Schnelting, C.; Slavcheva, E.; Schnakenberg, U. Analytical chemistry 2015, 88, 682687.
Vogt, S.; Su, Q.; Gutiérrez-Sánchez, C.; Nöll, G. Analytical chemistry 2016, 88, 4383-4390.
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Synthetic studies towards pseudocerosine
Se Hun Kim
A/Prof. Jonathan Sperry

Pseudocerosine (1) is the pigment responsible for the intense blue outer rim of the marine flatworm
Pseudoceros indicus, which is found in the mangrove forests of small islands in western Pacific
Ocean.1 Structure elucidation of pseudocerosine has been reported in 2009, which describe the natural
product as an indolic azafulvene alkaloid.2
To the best of our knowledge the heteroaromatic scaffold of 1 is novel. The structural novelty is within
the exocyclic N-bearing azafulvene moiety which is flanked by an uncommon 2,3-azepinoindole. To
date, pseudocerosine is known to exhibit mild cyctotoxicity against a human adenocarcinoma cell line
(SKOV-3) with an IC 50 value of 25 µM.1
From an evolutionary perspective we believe that pseudocerosine is a rather very complex scaffold for
a marine organism to biosynthesise for pigmentation as a primary defence mechanism against predators.
It is likely that that pseudocerocine may also exhibit a secondary mechanism such as a pheromone or
possess inhibitory activity to deter predation. With no reported synthesis of pseudocerosine to date, its
complex polycyclic heteroaromatic architecture, unknown mode of action and unique biosynthetic
pathway makes pseudocerosine an interesting target for drug discovery and the development of new
synthetic methodology.

Figure 1. Marine flatworm Pseudocerosine indicus.1
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Fundamental studies of polymer structure and their gas separation performances via
synthetic approaches
Chao Liang
Professor Paul Kilmartin, Dr Jianyong Jin

The separation of gases with membranes1 offers a number of advantages such as low energy use,
relatively simple production equipment and less capital investment cost for industry. As a result, the
membrane science and technology is one of the fastest growing branch both in scientific areas and
industrial fields2. As well known, the efficiency of gas transport prosperities3 in polymer membranes
strongly depends upon the fundamental structure of the polymer. To estimate and reveal the
correlation of polymer structure and their gas transport performance is an urgent requirement for new
polymer design and synthesis.
In our research, polymers of intrinsic microporosity are used as a model membrane to investigate the
correlation of polymer structure and their gas separation performance. Some synthesis strategies were
explored. Meanwhile the relationship among the rigidity of monomer structure, the shape of polymer
chain, and their gas separation performance were studied. Furthermore, in order to quantitatively
understand the correlation of polymer structure and their gas separation performance, some molecular
simulation methods are performed to characterize the structural and gas separation properties of
polymer.

1.
2.
3.

Budd, P. M.; Elabas, E. S.; Ghanem, B. S.; Makhseed, S.; McKeown, N. B.; Msayib, K. J.; Tattershall, C. E.; Wang, D.
Advanced Materials 2004, 16, 456-459.
Basu, S.; Khan, A. L.; Cano-Odena, A.; Liu, C.; Vankelecom, I. F. Chemical Society Reviews 2010, 39, 750-768.
Carta, M.; Malpass-Evans, R.; Croad, M.; Rogan, Y.; Jansen, J. C.; Bernardo, P.; Bazzarelli, F.; McKeown, N. B.
Science 2013, 339, 303-307.
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Derivatisation of polyphenolic flavonoids extracted from fruits and vegetables
Stephen Lo
A/Prof. David Barker and Dr. Bruno Fedrizzi
Flavonoids are a large class of secondary metabolites found in plants and have a core structure
consisting of the 15 carbon (C6-C3-C6) skeleton (Figure 1). Flavonoids are abundantly found in fruits
and vegetables.1 They contain multiple hydroxyl groups positioned in the A and B ring, and therefore
are labelled as polyphenol compounds.

A

O
C

B

Figure 1. Flavonoid core C6-C3-C6 structure

Polyphenolic flavonoids exhibit a number of in vitro biological activity. They are particularly well
known for their anti-oxidant activity.2 They also display potential anti-inflammatory, antiproliferative,
antimicrobial, neuroprotective and cardioprotective effects.2,3 However, their in vivo therapeutic effects
are significantly hindered by low bioavailability.4 The derivatisation of these flavonoids can alter
physicochemical properties of these compounds to help improve bioavailability. This allows the
compound to effectively reach biological targets from site of administration and exert the desired
therapeutic effects.
Since certain hydroxyl sites of these flavonoids contribute to bioactivity, this project aims to selectively
derivatise hydroxyl sites of flavonoid compounds.5 This will potentially improve bioavailability of the
compounds as well as retain key hydroxyl sites to exert desired biological effects. Currently, the
derivatisation of the flavonoid compound, luteolin, has been successful (Scheme 1).
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Scheme 1. Derivatisation of the 5-hydroxy site of luteolin

Each of the synthesised flavonoid derivatives will then be subject to physicochemical and bioactivity
studies. This will determine the one(s) with the best balance between good bioavailability and
bioactivity, which will be more suitable as therapeutic candidates.
(1)
(2)
(3)
(4)
(5)

Prior, R. L.; Wu, X.; Gu, L. J. Sci. Food Agric. 2006, 86 (15), 2487–2491.
Georgiev, V.; Ananga, A.; Tsolova, V. Nutrients 2014, 6 (1), 391–415.
Havsteen, B. H. Pharmacol. Ther. 2002, 96 (2–3), 67–202.
Thilakarathna, S. H.; Rupasinghe, H. P. V. Nutrients 2013, 5 (9), 3367–3387.
Bors, W.; Heller, W.; Michel, C.; Saran, M. Methods Enzymol. 1990, 186, 343–355.
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New Solid State Materials for Gas Sensing and electronic applications
Ziqi Lu
Prof. Penelope J. Brothers; Prof. David E. Williams; Dr. David C. Ware
Semiconductors are well-known materials which can be used as gas sensors and many studies have
showed that semiconducting metal oxides can be utilized as sensitive gas sensors (Figure 1).1 Although
it has been reported that these semiconducting metal oxide gas sensors show high sensitivity to
combustible gases, their selectivity are limited. Furthermore, these sensors could be interfered by water
vapour, lose sensitivity over time and require high working temperatures.2
Tin oxides (SnO2) is a kind of semiconducting metal oxides which can be utilized as gas sensor (Figure
2). The highly porous structure of SnO2 gives rise to the high sensitivity to particular gases.2 However,
it usually has a high resistivity and requires a high working temperature over 300℃.1
This project will try to use metal-doping and metal-decorating methods to enrich the surface structure
of SnO2 in order to increase its selectivity. Moreover, dopant metals could decrease the resistivity of
SnO2 dramatically and might reduce the required working temperature. This project aims to create new
solid state gas sensing materials which are supposed to be stable, reliable, and low-cost and can be used
at the lower working temperature.

Figure 1. Illustration of n-type semiconductors: (a) adsorbed oxygen (b) reducing gases released.3

Figure 2. 3D model of tin oxides (SnO2).4
1.
Williams, D. E., Semiconducting oxides as gas-sensitive resistors. Sensors and Actuators B: Chemical 1999, 57 (1),
1-16.
2.
McAleer, J. F.; Moseley, P. T.; Norris, J. O.; Williams, D. E., Tin dioxide gas sensors. Part 1.—Aspects of the surface
chemistry revealed by electrical conductance variations. Journal of the Chemical Society, Faraday Transactions 1: Physical
Chemistry in Condensed Phases 1987, 83 (4), 1323-1346.
3.
Williams, D. E.; Moseley, P. T., Dopant effects on the response of gas-sensitive resistors utilising semiconducting
oxides. Journal of Materials Chemistry 1991, 1 (5), 809-814.
4.
Varala, R.; Narayana, V.; Kulakarni, S. R.; Khan, M.; Alwarthan, A.; Adil, S. F., Sulfated tin oxide (STO)–Structural
properties and application in catalysis: A review. Arabian Journal of Chemistry 2016, 9 (4), 550-573.
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Citrate-ion Assisted Mineralization of Iron oxide Nanoparticles in Peroxiredoxin

Sesha Manuguri.1,2, Kyle Webster.3, Juliet Gerrard.2, 3, David Williams.1, 2 and Jenny
Malmström.2, 4
1

School of Chemical Sciences, University of Auckland, 92019, Auckland, New Zealand
2
MacDiarmid Institute for Advanced Materials and Nanotechnology, New Zealand
3
School of Biological Sciences, University of Auckland, 92019, Auckland, New Zealand
4
Department of Chemical and Materials Engineering, University of Auckland, 92019, Auckland, New Zealand

The antioxidant protein, peroxiredoxin is a supramolecular protein that can form array of
supramolecular assemblies.1 In its ring form, the size of its core is 7 nm in diameter. A histidine
functionalized core can be utilized to grow inorganic metal nanoparticles. In a biomimetic process
inspired by biological sequestration mechanisms of siderophores a ring protein2, peroxiredoxin was
used as a size restrained container to grow iron oxide nanoparticles. By incubating histidine
functionalized core peroxiredoxin with 800 molar excess of Fe2+ ions in the presence of citrate anions
at pH 8, we succeeded in mineralizing the core with iron oxide nanoparticles. During the
mineralization process, citrate ions played a crucial role in supressing the bulk precipitation of iron
oxides outside the protein core. Inductively coupled plasma mass spectrometry (ICP-MS) confirmed
the presence of iron of about 220 atoms/ring. Thus, formed nanoparticles were characterized using
TEM, AFM and magnetic properties were measured using a SQUID.

Figure 1. Plausible mechanism of iron binding to the protein in the presence of citrate. The blue
ring symbolises the protein while the red circle symbolises the iron oxide nanoparticle formed.

1.
2.

Phillips, A. J.; Littlejohn, J.; Yewdall, N. A.; Zhu, T.; Valéry, C.; Pearce, F. G.; Mitra, A. K.; Radjainia, M.; Gerrard, J.
A. Biomacromolecules 2014, 15, 1871-1881.
Raymond, K. N.; Allred, B. E.; Sia, A. K. Accounts of Chemical Research 2015, 48, 2496-2505.
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Effect of honey on growth and probiotic efficacy of L. reuteri DPC16
Anand Mohan
A/P Siew-Young Quek , Dr. Noemi Gutierrez-Maddox2, Dr. Quan Shu3
1

1

SCS, University of Auckland; 2AUT University; 3Bioactives Research New Zealand, Auckland, New Zealand

The potential prebiotic activity of some common Manuka honey varieties and an innovative blend
incorporating probiotic fermentation metabolites (PFM) was evaluated by enumerating Lactobacillus
reuteri DPC16 growth in UHT milk. Viability of the probiotic was significantly enhanced by 5%
Manuka honey (UMF 18+ and MGO 550+) in the synbiotic combinations assessed weekly over a period
of four weeks (Fig. 1). Manuka honey blends supplemented with PFM, which are applied for their
antibacterial properties against select pathogens, were also not inhibitory to the probiotic growth in
UHT milk. The lactobacillus strain also demonstrated high tolerance to acid and bile salts after exposure
for 1-1.5 hours. Interestingly, L. reuteri DPC16, which produces antimicrobial metabolites, and
Manuka honey with established anti-bacterial activity can thus be utilised in promising synbiotic
fermented product combinations. Further research on characterisation of the beneficial fermentation
metabolites will be required to explore the mechanism of the antibacterial efficacy. The research
contributes to establishing the prebiotic potential of Manuka honey and developing the less expensive
blends containing antibacterial fermentation metabolites that can be equally effective.

Day 1

Day 28

Figure 1. Total Viable Counts of Lactobacillus reuteri (DPC16) in UHT (Ultra-high-Temp) milk
supplemented with different Manuka honey and blends containing probiotic fermentation metabolites
(PFM).
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Development of an electrochemical sensor to analyse uric acid in milk
Mahsa Motshakeri
Paul Kilmartin
Uric acid (UA) is one of the main contributors to the total antioxidant capacity of milk. It is not only
an indicator of some serious diseases such as gout, hyperuricemia and Lesch-Nyhan syndrome, but
also is a risk factor for leukaemia, pneumonia and cardiovascular disease1. Hence, it is of great
importance to quantify UA in milk precisely in order to find a link between its concentration and
diseases in cows and to profile milks for human consumption. The simplicity, low cost, rapidity and
good selectivity of electrochemical procedures such as cyclic voltammetry make it feasible to detect
antioxidants in plant extracts, blood plasma, tissue homogenates, wine, and particularly milk.
Consequently, an electrochemical sensor was developed based upon the conducting polymer poly(3,4ethylenedioxythiophene) (PEDOT) polymerized onto glassy carbon electrode in a propylene
carbonate/LiClO4 solution. Results showed good linear relationships between current intensities and
UA concentrations in the range of 6 to 100 μM with sensitivity and detection limit (S/N = 3) of 0.87 ×
10-3 μA μM−1 cm−2 and 6.5 μM, respectively. There was no interference from glucose or amino acids.
This developed sensor was then successfully used for detection of UA in various milk samples with
minimum interference from ascorbic acid.

Figure 1. Electrodeposition of PEDOT on the glassy carbon electrode surface using cyclic voltammetry.

1. Nie, T.; Lu, L.; Bai, L.; Xu, J.; Zhang, K.; Zhang, O.; Wen, Y.; Wu, L. Int. J. Electrochem. Sci 2013, 8, 7016-7029.
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Characterization of the key aroma compounds in different New Zealand grown feijoa
cultivars
Yaoyao Peng,
Siew-Young Quek, Karen Bishop 1, Lynnette Ferguson 1
1

Faculty of Medical and Health Sciences

New Zealand has shown great interest in feijoa cultivation and marketing since 1983 1. It now has
become a major feijoa growing and export country. As feijoa is becoming increasingly popular in recent
years, one of the most important reasons is its lovely and unique aroma. Researchers have studied feijoa
volatile compounds and found methyl benzoate and ethyl benzoate to be the main compounds 2, 3.
However, no existing study has revealed the compounds that contributes to feijoa aroma.
Although many feijoa cultivars are planted in New Zealand, namely Apollo, Unique and Opal Star, but
very limited research has mentioned about feijoa cultivar differences especially in aroma. In this study,
we initially employed headspace solid phase micro-extraction (SPME) combined with gas
chromatograph-olfactory-mass spectrometry (GC-O-MS) to characterise the key aroma compounds in
New Zealand grown feijoas. We also conducted essential oil extraction from peels and juice squeeze
from fruits in order to better understand and further confirm the key aroma compounds. The aim of this
study is to build up an aroma profile for feijoas, also in hoping to provide scientific evidence with feijoa
cultivar selection.

Figure 1. Some examples of aroma compounds in feijoa

1.
2.
3.

Sharpe, R., Sherman, W., & Miller, E. (1993). Feijoa history and improvement. Paper presented at the
PROCEEDINGS-FLORIDA STATE HORTICULTURAL SOCIETY.
Fernandez, X., Loiseau, A.-M., Poulain, S., Lizzani-Cuvelier, L., & Monnier, Y. (2004). Chemical composition of the
essential oil from feijoa (Feijoa sellowiana Berg.) peel. Journal of Essential Oil Research, 16(3), 274-275.
Saj, O., Roy, R., & Savitha, S. (2008). Chemical composition and antimicrobial properties of essential oil of Feijoa
sellowiana O. Berg. (pineapple guava). Journal of Pure and Applied Microbiology, 2(1), 227-230.
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Potential bioactive compounds from Centella asiatica (Gotu kola) and their role against
neurodegenerative diseases
Rasangi Sabaragamuwa
Conrad Perera, Bruno Fredrizzi, Johannes Reynisson

Centella asiatica is a medicinal herb highly valued for its multifunctional health benefits
(Brinkhaus, 2000). This is especially recognized for its traditional use in neuroprotection
(Orhan et al, 2013) indicating the potential to cure neurodegenerative diseases. This study
investigates the bioactive compounds of Centella exploring their role in neuroprotection.
Microwave and ultrasonic assisted extractions gave high yields of triterpenic compounds, the
major bioactives of Centella. Chemical compound profiling of the total extract, semi
preparative HPLC fractions and steam distilled fractions by LC-MS, UHPLC-MS, MS/MS
and GC-MS analysis characterised major triterpenic and phenolic compounds. NMR analysis
is needed to further confirm the known compounds and to elucidate the unknown compounds.
Initial screening of neuroprotective compounds were based on in-vitro AChE enzyme
inhibitory activity coupled with molecular modelling approach. In initial studies, total
methanolic extract showed a high inhibitory activity (>50%) than the water and hexane
extracts as well as fractionated methanolic extracts. Molecular modelling predicted promising
potential of asiticoside as an AChE inhibitor compared to three known inhibitors used as
drugs for Alzheimer’s disease. Further studies are conducted to substantiate the
neuroprotective activity of identified bioactives via β-secretase inhibitory activity, antiinflammatory and antioxidant activities.
1.

Brinkhaus, B.; Lindner, M.; Schuppan, D.; Hahn, E. G. Phytomedicine 2000, 7(5), 427-448.

2.

Orhan, I. E. Evidence-based complementary and alternative medicine, 2012.
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Benzimidazolium-derived N-heterocyclic carbene RuII and OsIII arene complexes and
peptide conjugates as novel anticancer agents
Dianna Truonga
Margaret A. Brimblea, Nils Metzler-Nolteb Christian G. Hartingera
a

b

School of Chemical Sciences, University of Auckland, Private Bag 92019 Auckland 1142 New Zealand
Inorganic Chemistry I-Bioinorganic Chemistry, Faculty of Chemistry and Biochemistry, Ruhr University
Bochum, Universitaetsstrasse, 44801 Bochum, Germany

Cisplatin has long been renowned in the treatment of cancer. Intrinsic and acquired resistance to
cisplatin as well as severe systemic toxicity1 of the drug have spurred the search for new transition
metal-based anticancer compounds.2 Depending on the ligand of choice, organometallic compounds
have shown promise, with ‘piano-stool’ complexes of the general formula [M(arene)(X)(Y)(Z)] having
shown to be particularly efficacious and designable to be active against primary tumours or metastases.3
N-Heterocyclic carbenes (NHC) derived from an imidazolium scaffold result in a bioactive moiety
when coordinated to rutheniumII(arene) or osmiumII(arene) centres (Figure 1a). Thus, in the present
work, ligands coordinated to the metal centre were varied to study the impact of symmetrical Nsubstituents, as well as the nature of anionic leaving group. Non-symmetrical NHCs were developed
that upon conjugation to peptides would give metal-NHC-peptide complexes (Figure 1b) that are
capable of targeting specific types of cancer. Conjugation was accomplished either through an acid
linker between the NHC and the peptide or through NHCs bearing amino groups.
Biological evaluation has highlighted the cytotoxicity of selected symmetrical NHC RuII and OsII
complexes (numbers?) in the low to mid micromolar concentration range. These results highlight the
promising potential of these complexes as novel anticancer agents.

Figure 1. a) General structure of benzimidazolium-derived N-heterocyclic carbene Ru(II) and Os(II)
arene complexes. b) General structure of metal-NHC-peptide conjugates.
1.
2.
3.

Rabik, C. A.; Dolan, M. E. Cancer Treat. Rev. 2007, 33, 9-23.
Hartinger, C. G.; Dyson, P. J. Chem. Soc. Rev. 2009, 38, 391-401.
Partridge, A. H.; Burstein, H. J.; Winer, E. P. J Natl Cancer Inst Monogr 2001, 135-42.
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Self Assembly of peptides and proteins in five fold symmetry
Praveen George Vadakkedath
Ivanhoe K. H. Leung, Penny J. Brothers, Duncan J. McGillivray
The controlled organisation of peptides such as alpha helical peptides1 and proteins is of increasing
importance for different applications such as non-viral gene delivery, hydrogels, scaffolds for tissue
engineering1,2. Among them, alpha-helical peptides are promising options for self assembly due to
their diverse structure and function, and customisability1,2. They organize themselves into higher
assemblies through covalent and non covalent interactions from short amino acid residues3.
The main part of this work is to create five-fold symmetrical surface structures using peptides and
proteins. In order to make five-fold symmetry, we need to understand other simple and common
symmetric structures such as six-fold symmetry using peptides and proteins as building blocks. In our
case, self assembly is based on the interaction of boronic acid with diols present in alpha-helical
peptide which connect two peptides through boronic ester formation. The Boronic ester is reversible
and is dependent on pH4. Through this linkage, we are trying to create six fold symmetric structures in
solution. The Boronic ester formation is observed from NMR which will be supported by Mass
spectroscopy. Further, the morphology of self assembled structure would be studied using CryoEM
followed by degree of order using SAXS and SANS techniques.

Figure 1. Two dimensional Penrose Tiling5
1.
2.

Jeong J.W, Lee S.M, Lim B.Y., Helix stabilized, thermostable and protease resistant self assembled peptide
nanostructures as potential inhibitors of protein-protein interactions. Biomacromolecules 2013, 14, 2684-2689.
Jiang T et al., Structurally defined nanoscale sheets from self assembly of collagen mimetic peptides.
J.Am.Chem.Soc.2014, 136, 4300-4308.

3.

Przybyla E.D et al., Hierarchial assembly of collagen peptide triple helices into curved disks and metal ion
promoted hollow spheres. J.Am.Chem.Soc.2013, 135, 3418-3422.

4.

Demetriades M et al., Dynamic combinatorial chemistry employing Boronic acids/Boronate esters leads to potent
oxygenase inhibitors. Angew.Chem.2012, 124, 6776-6779.

5.

Alan L.Mackay.,Crystallography and the Penrose pattern.Physica.1982, 114A, 609-613.
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Total Synthesis and Biological Evaluation of a New Lanthipeptide, Tikitericin
Buzhe Xu
Dist. Prof. Margaret Brimble, Dr. Paul W. R. Harris, Dr. Robert Keyzers1
1
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Lanthipeptides are a group of structurally unique polycyclic peptides produced by bacteria, clearly
distinguishable amongst the bacterial peptide toxins by their intramolecular thioether linked amino
acids, lanthionine (Lan) or methyllanthionine (MeLan) (Figure 1).1 Over 100 molecules sharing the
(Me)Lan chemical motif have been reported, many of which exhibit antimicrobial activity and are
referred to as lantibiotics.2,3 Recently, a newly described but unpublished lanthipeptide tikitericin, was
isolated from the New Zealand extremophilic microorganism Thermogemmatispora strain T81,
collected at Tikitere (Hell’s Gate), Rotorua.4 Due to confidentiality reasons, the structure of tikitericin
is not disclosed. However, nisin, a structurally similar lanthipeptide and commercially available
lantibiotic is shown below (Figure 1). Tikitericin is highly likely to exhibit enhanced thermal and
chemical stability (being sourced from an acidophile/thermophile) and bioactivity against Gram
positive bacteria, however, due to the limited amount of natural product isolated this remains to
be established. In order to analyse the chemical stability of the synthetic material under acidic and/or
thermal stresses to assess any enhanced properties imbued by its structure, and to provide enough pure
material for comprehensive bioassay profiling, we herein report the first total synthesis of tikitericin
using a combination of organic and solid-phase peptide synthesis (SPPS).

Figure 1. Sequence and ring topologies of nisin and chemical structures of its unusual amino acids.

1.
2.
3.
4.

Knerr, P.J.; van der Donk, W.A. Annu. Rev. Biochem. 2012, 81, 479.
Field, D.; Cotter, P.D.; Hill, C.; Ross, R.P. Front. Microbiol. 2015, 6, 1363.
Willey, J.M.; van der Donk, W.A. Annu. Rev. Microbiol. 2007, 61, 477–501.
Dr Matt Stott (Extremophiles Research Group, GNS Science, Wairakei)
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Synthesis of analogues of anti-tuberculosis peptide Calpinactam
Sutharsana Yathursan
Hannah Read , Siouxsie Wiles1, Vijayalekshmi Sarojini
1

1
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The hexapeptide calpinactam, isolated from Mortierella alpina FKI-4905, has shown potential
selective growth inhibition of M. smegmatis and M. tuberculosis with the MIC values 0.78 and 12.5
µg/ml respectively1-3. Therefore, two analogues of calpinactam were designed to achieve greater invivo stability and improved biological activity, by replacing the calpinactam ring with unnatural
amino acids 1-aminocycloheptane-1-carboxylic acid (Ac7c) and α,α-di-n-propylglycine (dpg). The
syntheses, characterization and in-vitro antimicrobial activity including anti-mycobacterial activity of
these peptides conducted using the bioluminescence assay5 will be presented.
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Figure 1. Chemical structures of calpinactam
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Figure 2. Chemical structures of calpinactam analogues; Ac7c analogue and Dpg analogue
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3.
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5.

Koyama, N.; Kojima, S.; Fukuda, T.; Nagamitsu, T.; Yasuhara, T.; Omura, S.; Tomoda, H. Organic
Letters 2010, 12, 432-435.
Koyama, N.; Kojima, S.; Nonaka, K.; Masuma, R.; Matsumoto, M.; Omura, S.; Tomoda, H. J Antibiot
(Tokyo) 2010, 63, 183-186.
Yagi, A.; Uchida, R.; Hamamoto, H.; Sekimizu, K.; Kimura, K. I.; Tomoda, H. J Antibiot (Tokyo) 2017,
70, 685-690.
Amblard, M.; Fehrentz, J. A.; Martinez, J.; Subra, G. Molecular Biotechnology 2006, 33, 239-254.
Andreu, N.; Fletcher, T.; Krishnan, N.; Wiles, S.; Robertson, B. D. Journal of Antimicrobial
Chemotherapy 2012, 67, 404-414.
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Plasmonic Enhanced Visible-light Driven Photocatalysts for Solar Hydrogen
Production
Piao Ye
Supervisors: Geoffrey Waterhouse; Dongxiao Sun-Waterhouse
Photocatalysts-driven solar water splitting has drawn much interest across the scientific community
because it is a promising way to transfer the costless solar energy into the clean and renewable energy
carrier H2.1 Among several semiconductors whose bandgap sandwiches the hydrogen evolution half
reaction potentials in water splitting, TiO2 is particularly widely used as photocatalyst for this process
due to its stability, nontoxicity and low cost. Though the large bandgap (3 - 3.2 eV) of TiO2 makes it a
good absorber of ultraviolet light, it is immune to visible light, which takes up to 40% in the solar
emission. Rapid recombination of photogenerated electron-hole pairs in the body of TiO2 photoanode
also decreases hydrogen production efficiency. In recent years a new approach that exploits localized
surface plasmon resonance (LSPR) in metal nanostructures to enhance photoactivity of TiO2 has been
extensively investigated.2-4 We aim to contribute to the field of plasmonic enhanced visible-light
driven photocatalytic solar hydrogen production by exploring LSPR in gold nanorods(AuNRs) and
incorporating them with TiO2 substrates to form high-performance photocatalysts. Efficiency of water
splitting is measured in a three-electrode photoelectrochemical(PEC) cell where our AuNR/TiO2
samples work as a photoanode.

Figure 1. (a) & (b) Schematic representation for the proposed rationalization of the photocatalytic
activity of Au/TiO2 under UV light and visible light excitation based on the electron transfer
mechanism. (c) The design of photoelectrochemical cell and the photocurrent of anodic TiO 2 without
or with Au NPs at zero bias voltage upon the irradiation with visible light. (d) Simulated opticalabsorption maps of Janus Au 50 nm–TiO2 nanostructures. The scheme shows the proposed
mechanism for LSPR enhanced photocatalytic hydrogen generation in these nanostructures.5
1.
2.
3.
4.
5.

Roman J. Press, K. S. V. S., Massoud J. Miri, Alla V. Bailey, Gerald A. Takacs Introduction to Hydrogen Technology;
John Wiley & Sons, Inc., 2008.
Pu, Y. C.; Wang, G.; Chang, K. D.; Ling, Y.; Lin, Y. K.; Fitzmorris, B. C.; Liu, C. M.; Lu, X.; Tong, Y.; Zhang, J. Z.; Hsu, Y.
J.; Li, Y. Nano Lett 2013, 13, 3817-23.
Jue Wang; Shanlin Pan; Mingyang Chen; Dixon, D. A. J. Phys. Chem. C 2013, 117, 22060−22068.
Liu, Z.; Hou, W.; Pavaskar, P.; Aykol, M.; Cronin, S. B. Nano Lett 2011, 11, 1111-6.
Zhou, N.; Lopez-Puente, V.; Wang, Q.; Polavarapu, L.; Pastoriza-Santos, I.; Xu, Q. H. Rsc Advances 2015, 5, 2907629097.
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Syntheses of antimicrobial peptides using CLipPA technology
Victor Yim
Dist. Prof. Margaret Brimble, Jianyong Jin, Simon Swift[a]
[a] Faculty of Medical and Health Sciences

The rhizosphere is a small zone in the soil surrounding the plant roots.1 The roots provide nutrients to
surrounding microbiota in the form of sugars, amino acids and root border cells into the rhizosphere.
Some microbes excrete metabolites known as non-ribosomally biosynthesised peptides (NRPs).2 They
exhibit antimicrobial activities, thereby killing microbes competing for the same source of nutrients.
NRPs are structurally diverse and serve as a great source for the discovery of novel natural structures.
Among these are the antifungal iturin family3 and the antibacterial battacin4, both of which are
lipopeptides (Figure 1).
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Figure 1. Structures of lipopeptides iturin A (left) and battacin (right)

Lipopeptides can be chemically accessed with the technique known as ‘Cysteine Lipidation on a
Peptide or Amino acid’ (CLipPA).5 A variety of vinyl esters 1 is reacted with Nα-protected cysteine 2
to generate a library of cysteine derived lipoamino acids 3 (Scheme 1). These form the building
blocks that were incorporated into the syntheses of lipopeptides mimics. CLipPA circumvents
conventionally difficult or time-consuming methods of synthesising lipid building blocks.6,7 The
bioactivity of CLipPA analogues of iturins and battacin will be evaluated against plant pathogenic
microbes.
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Scheme 1. General CLipPA reaction between vinyl ester 1 and Nα-protected cysteine 2 to give CLipPA product 3
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Philippot, L.; Raaijmakers, J. M.; Lemanceau, P.; van der Putten, W. H. Nat. Rev. Microbiol. 2013, 11,
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Marahiel, M. A.; Stachelhaus, T.; Mootz, H. D. Chem Rev 1997, 97, 2651-2674.
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Bland, J. M. Synth. Commun. 1995, 25, 467-477.
De Zoysa, G. H.; Cameron, A. J.; Hegde, V. V.; Raghothama, S.; Sarojini, V. J. Med. Chem. 2015, 58,
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Direct Writing of 3D Conducting Polymer Arrays for Biological Cell Sensing
Peikai Zhang
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Direct writing has been proven to be an effective and versatile method for 3D fabrication of conducting
polymer structures. It provides a precisely localized and highly controllable microfabrication
technique1. 3D conducting polymer micro arrays produced by this approach have various possibilities
and great potential combining with biological cells.
Herein we demonstrate the 3D writing of high aspect ratio conducting polymer wires by the Scanning
Ion Conductance Microscope (SICM). Writings of conducting polymers with various formulations
(different concentration of organic solvents and cross-linking agents) were realised. Organic solvents
treatments as well as the cross-linking agent contribute to a significantly enhanced water-stability,
which is critical for most biological applications.
SEM and Raman were used for surface morphology and polymer structure characterization. These CP
wires have smooth surface and can reach a very wide range of aspect ratios. Localised measurements
of electrochemical activity between wires with different length have been compared. The results
indicate that they all possess good electrical and electrochemical properties. Furthermore, these pillars
have fantastic mechanical properties. They exhibits extraordinary robustness, elasticity and flexibility.
All these properties bring a good prospect for the applications of the direct written 3D conducting
polymer micro structures as functional biological sensors.

Figure 1. (A) Schematic mechanism of direct writing. (B) SEM of CP array. (C) Applications of CP
arrays for C.elegans sensing and stimulation2.

1.
2.

Aydemir, N.; Parcell, J.; Laslau, C.; Nieuwoudt, M.; Williams, D. E.; Travas-Sejdic, J.
Macromolecular Rapid Communications 2013, 34, 1296-1300.
Johari, S.; Nock, V.; Alkaisi, M. M.; Wang, W. H. Lab on a Chip 2013, 13, 1699-1707.
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Development of Y2O3:Eu@SiO2 Phosphors for White LED Application
Huihua Zhou
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White light-emitting diodes (LEDs) are widely expected to replace incandescent bulbs and
fluorescence lamps for domestic and commercial lighting in the near future. Currently, white LEDs
are produced by coating blue emitting semiconductor chip with a yellow phosphor, or by coating UV
emitting chips with red-green-blue (RGB) phosphors. Eu3+-doped yttria (Y2O3:Eu) is an efficient redemitting phosphor, currently used with UV-pumped LEDs.1 Eu3+ is one of the most effective trivalent
rare earth activators,2 whilst Y2O3 is a suitable host material because of its low background emission
and excellent chemical stability under vacuum environment. Conventionally, Y2O3:Eu is synthesized
by high-temperature solid state reaction. The reaction process is relatively simple and easily to be
commercialized. However, this method has following drawbacks: (1) high calcination temperatures up
to 1600 oC and long reaction times (2) need for reducing gases such H2 in the high temperature
environment (3) tendency of cluster formation in products. Sol-gel routes offer promising alternative
approaches towards rare earth doped phosphors. Sol-gel routes allow the large scale production of
nano-sized phosphors particles with high purity at low temperatures (e.g. 500-800 oC). Here, sol-gel
method is used to produce phosphors with a core (SiO2)-shell (Eu:Y2O3) structure.
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Figure 1. (a) SEM image of the Eu:Y2O3@SiO2. The inset shows the luminescence of Eu:Y2O3@SiO2 under 365
nm excitation (b) XRD data for the SiO2 core, Eu:Y2O3@SiO2 and a commercially available Eu:Y2O3 powder.
1.
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Wang, W.-N.; Widiyastuti, W.; Ogi, T.; Lenggoro, I. W.; Okuyama, K. Chemistry of Materials 2007, 19,
1723-1730.
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Investigation on the delivery of vision-beneficial multi-micronutrients for effective
absorption
Yongchao Zhu
Siew Young Quek
Fish oils contain long-chain polyunsaturated fatty acids, also known as omega-3 fatty acids, which are
deemed to be associated with eye development and health. In addition, β-Carotene, lutein and
zeaxanthin are the three of the most widely applied carotenoids as either food colorants or functional
nutraceuticals. They are known for a broad variety of biological activities including vision protection1.
However, due to the sensitives of omega-3 fatty acids as well as carotenoids to air, heat and light,
there is obviously a need to develop a delivery system for these important nutrients against oxidation
and decomposition. Microencapsulation is a technology by which food ingredients or bioactive
components are coated with or entrapped with another polymer matrix. Microencapsulation with a
mono-disperse droplet spray dryer is a novel technique introduced to generate uniform micro-particle
products. Compared to conventional spray drying, the mono-disperse droplet spray dryer is capable of
producing mono-disperse droplets and more defined drying history of the droplets to obtain uniform
particles2. To better study the bioavailability of microcapsules coating with multi-micronutrients, it is
quite necessary to explore their digestion and absorption behaviour with in vitro simulation
experiment.

Figure 1. The chromatogram of EPA and DHA, and retention of EPA (C20:5), DHA (C22:6) in
emulsion during a 10 days accelerated storage trial at 37℃.
1.
2.

Kuang P. et al. 2015. Physicochemical properties and storage stability of lutein microcapsules prepared with
maltodextrins and sucrose by spray drying, Journal of Food Science, 80(2): E359-E369.
Wu, W. D. et al. 2011. Assembly of uniform photoluminescent microcomposites using a novel micro-fluidic-jetspray-dryer, Aiche Journal, 57(10): 2726-2737.
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Virtual screening and biophysical studies lead to HSP90 inhibitors
Daniel Moscoh Ayine-Tora
Jóhannes Reynisson, Ivanhoe K.H. Leung, Renjie Huang, Nasri Muhammad Rosdi, Yu Li
Heat shock protein 90 (HSP90) is a molecular chaperone that plays important functional roles in cells.1
The chaperone activity of HSP90 is regulated by the hydrolysis of ATP at the protein’s N-terminal
domain. HSP90, in particular, the N-terminal domain, is a current inhibition target for therapeutic
treatments of cancers.2, 3 Virtual screening, thermal shift assaying and protein NMR spectroscopy have
been used to identify HSP90 inhibitors that contain the resorcinol structure. The resorcinol scaffold can
be found in a class of HSP90 inhibitors that are currently undergoing clinical trials. Molecular modelling
shows the active ligands form hydrogen bonds with Asn37, Lys44, Asp79, Glu88 and Thr171. The
proved success of the resorcinol moiety in HSP90 inhibitors validates this combined virtual screen and
biophysical technique approach, which can be applied for future inhibitor discovery work for HSP90 as
well as other targets.

A

B

Figure 1. The docked configuration of 1 in the binding site of HSP90 (A) The protein surface is
rendered. Red depicts a negative partial charge on the surface, blue depicts positive partial charge and
grey shows neutral/lipophilic areas. The ligand occupies the binding pocket. (B) Hydrogen bonds are
shown as green lines between ligand 1 and the amino acids Asp79,Glu83 and Thr171 for ChemScore
configuration.
1
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Wiech, H.; Buchnerij, J. Nature 1992, 358, 9.
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A biodegradable aliphatic polycarbonate was synthesised via ring-opening polymerisation of sixmembered cyclic carbonate monomer with terminal alkyne side chain.1 The positively charged
guanidine group was attached to the polymer backbone via the Cu(I)-catalysed alkyne-azide
cycloaddition click reaction. Guanidine polycarbonates with three different molecular weights were
synthesised to investigate the molecular weight effect of these polymers on antimicrobial activity and
cytotoxicity.
As a result, antimicrobial inhibition assays of different molecular weight guanidine polycarbonates
killed a broad spectrum of microbes with low toxicity (Table 1). The lowest molecular weight polymer
showed stronger activity against E.coli with the minimum inhibitory concentration (MIC) of 40 µg/mL
than previously reported guanidine functionalised polymethacrylates2 (MIC > 1500 µg/mL). This was
an interesting finding because traditionally, inhibition of Gram-negative bacteria is more difficult than
that of Gram-positive bacteria due to the more complex cell wall membrane structure.3
The lytic activity of the polymers was examined against mammalian red blood cells and all polymers
showed low toxicity (hemolysis % < 20%) at high concentration.
Membrane disruption of bacterial cell membranes was identified through field emission scanning
electron microscopy (FE-SEM) and further study on the antimicrobial action of these cationic polymers
will be reported in due time.
MIC (µg/mL)
Polymer

DP

E.coli
(Gram –ve)

P.aeruginosa
(Gram –ve)

S.aureus
(Gram +ve)

C.albicans
(Fungus)

HC50
(µg/mL)

PG-1
PG-2
PG-3

20
40
80

40
40
40

40
40
80

80
160
160

80
160
320

>1280
>1280
>1280

Table 1. Antimicrobial (MIC) and hemolytic (HC50) activities of guanidine polycarbonate series of polymers.

1.
2.
3.

Pratt, R. C.; Nederberg, F.; Waymouth, R. M.; Hedrick, J. L. Chem. Commun. 2008, 114-116.
Locock, K. E.; Michl, T. D.; Valentin, J. D.; Vasilev, K.; Hayball, J. D.; Qu, Y.; Traven, A.; Griesser, H. J.;
Meagher, L.; Haeussler, M. Biomacromolecules 2013, 14, 4021-31.
Beveridge, T. J. Journal of bacteriology 1999, 181, 4725-4733.
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Chemistry of sulfur-functionalized osmabenzenes
Terence M. Christy*
L. James Wright
University of Auckland, Private Bag 32019, Auckland, New Zealand
*tchr010@aucklanduni.ac.nz
Metallabenzenes are a relatively new class of compounds, first being hypothesized in
1979 by Thorn and Hoffman1. The first metallabenzene, an osmabenzene (1) was synthesized in
1982. These compounds have attracted significant attention and show both similarities and
differences in reactivity, when compared to that of traditional aromatic compounds.2, 3
While research into the reactivity of these compounds is still in its infancy, some definite
parallels with their organic counterparts have emerged. Protonation of the S atom in 1 gives the
osmathiol product without disruption of the aromaticity of the metallabenzene ring. When an
isothiocyanate ligand is present at the metal centre, the thiol substituted osmabenzene 2 can be
oxidized by thiocyanogen to the corresponding disulfide, 3. An analogous reaction is observed for
many organic aromatic thiols. The osmabenzene dimer 3 has been found to undergo electrophilic
aromatic substitution reactions without cleavage of the S-S bond. Nitration under Menke
conditions and bromination with pyridinium tribromide both resulted in substitution at the
position para to the disulfide linkage, on both metallabenzene rings. The analogous iridabenzene
dimer [Ir(C5H4{S}-1)Cl2(PPh3)2]2 can be prepared by treatment of the iridathiol Ir(C5H4{SH}1)Cl2(PPh3)2 with the oxidant I2.

Figure 1. Synthetic scheme showing the oxidation of 2 to the corresponding disulfide 3.

1.

Thorn, D. L.; Hoffmann, R. Nouv J Chim. 1979, 3, 39.

2.

Chen, Jiangxi; Jia, Guochen Coord. Chem. Rev. 2013, 257(17-18), 2491-2521.

3.

Dalebrook, Andrew F.; Wright, L. James Adv. Organomet. Chem. 2012, 60, 93-177.
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Synthetic studies towards an enantiomeric pair of indole alkaloids isolated from
the roots of Isatis indigotica
Emma K. Davison and Jonathan Sperry
The unnamed enantiomeric pair of indole alkaloids 1a and 1b were isolated from the roots of
the herbaceous plant Isatis indigotica which is commonly used in Chinese traditional
medicine.1 These natural products contain a dihydrothiopyran and a 1,2,4-thiadiazole
heterocycle, the latter being an exceptionally rare motif in Nature. Synthetic studies towards
1a and 1b will be discussed, whereby a late-stage intermolecular Heck reaction between 2 and
3 is proposed to construct the complete heteroaromatic framework of the natural products.

1.

Chen, M.; Lin, S.; Li, L.; Zhu, C.; Wang, X.; Wang, Y.; Jiang, B.; Wang, S.; Li, Y.; Jiang, J.; Shi, J. Org.
Lett. 2012, 14, 5668-5671
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Development of Efficient Phosphors for NIR Upconversion
Aubrey Dosado
Geoffrey I.N. Waterhouse, Dongxiao Sun-Waterhouse
Crystal matrices doped with rare earth ions such as Yb3+, Tm3+, Er3+, are capable of upconverting
multiple low energy near-infrared (NIR) photons into visible and UV photons. NIR absorption (980
nm) by Yb3+ in NaYF4:Yb,Tm leads to multiple UV-Vis emissions (Figure 1) due to coincidence of
the ladder-like energy levels and f-f transitions of Yb3+ and Tm3+.1 This study systematically explored
the effect of synthesis conditions and crystal morphology on the NIR upconversion performance of
NaYF4:Yb,Tm. These upconverters were prepared via hydrothermal treatment at 180 °C from metal
nitrates (molar ratio Y:Yb:Tm = 80:20:0.5) and NaF, whilst varying pH and the structure regulating
agents (citric acid and trisodium citrate).2 Products were characterised by XRD, TEM, SEM, XPS and
UV-Vis absorbance and luminescence measurements. NIR upconversion performance was observed
to be highly dependent to crystal size and shape, with NaYF4:Yb0.20,Tm0.05 prepared with citric acid
showing the most intense emissions overall. Tethering these crystals to gold nanorods with a
longitudinal surface plasmon resonance (LSPR) at ~980 nm is being attempted, to identify how
plasmonic effects can influence upconversion.1,3 Other upconverters such as rare earth doped NaBiF4
analogues and metal organic frameworks (MOFs) are also being developed.4,5

Figure 1. (left) SEM images of hexagonal phase NaY0.80F4:Yb0.20, Tm0.05 prepared with (a) citric acid
(b) citric acid adjusted to pH 7, (c) citric acid adjusted to pH 10 and (d) trisodium citrate. (right)
Corresponding emission and absorption spectra.
1.
2.
3.
4.
5.

Wu, D. M.; García‐Etxarri, A.; Salleo, A.; Dionne, J. A. The Journal of Physical Chemistry Letters 2014, 5, 4020‐
4031.
Jiang, T.; Qin, W.; Zhou, J. Journal of Fluorine Chemistry 2013, 156, 177‐182.
Xu, Z.; Quintanilla, M.; Vetrone, F.; Govorov, A. O.; Chaker, M.; Ma, D. Advanced Functional Materials 2015, 25,
2950‐2960.
Lei, P.; An, R.; Yao, S.; Wang, Q.; Dong, L.; Xu, X.; Du, K.; Feng, J.; Zhang, H. Advanced Materials 2017, 29.
Zhang, X.; Li, B.; Ma, H.; Zhang, L.; Zhao, H. ACS Applied Materials & Interfaces 2016, 8, 17389‐17394.
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Synthetic Studies Towards the Gombaspiroketals
Megan Jamieson
Daniel P. Furkert, Margaret A. Brimble
The gombaspiroketals were isolated from the marine sponge Clathria gombawuiensis off the coast of
South Korea.1 They are members of a diverse group of 6,6-spirocyclic sesterpenoid natural products
biogenetically derived from the alotane skeleton, which includes the notably bioactive natural products
of the alotaketal and phorbaketal families.1-4 The gombaspiroketals exhibit a range of bioactivities
including cytotoxicity and antibacterial activity.1 As a part of ongoing interest within our group on
synthetic approaches to spiroketal natural products, a total synthesis of the gombaspiroketals is
envisioned which will allow full biological testing of these natural products.
Previous work in our group has established syntheses of γ-hydroxy carvone derivatives such as the
allylsilane shown in blue. The current research towards the gombaspiroketals involves synthesis of an
appropriate acetal fragment (black) to be coupled to the allylsilane (blue) via a Hosomi Sakurai reaction.
Future work will investigate the oxidative radical spirocyclisation and further oxidative modifications
to furnish the completed natural products.

1.
2.
3.
4.

Woo, J.; Kim, C.; Kim, S.; Kim, H.; Oh, D.; Oh, K.; Shin, J. Org. Lett. 2014, 16, 2826-2829.
Rho, J.; Hwang, B. S.; Sim, C. J.; Joung, S.; Lee, H.; Kim, H. Org. Lett. 2009, 11, 5590-5593.
Forestieri, R.; Merchant, C. E.; de Voogd, N. J.; Matainaho, T.; Kieffer, T. J.; Andersen, R. J. Org. Lett. 2009, 11,
5166-5169.
Byun, M. R.; Lee, C. H.; Hwang, J.; Kim, A. R.; Moon, S. A.; Sung, M. K.; Roh, J.; Hwang, E. S.; Hong, J. Eur. J.
Pharmacol. 2013, 718, 181-187.
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Subcritical water extraction of phenolic compounds from kiwifruit processing by-product
Hamid kheirkhah1, Saeid Baroutian2, Brent R. Young2, Siew-Young Quek1
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Abstract:
This study was designed to investigate the recovery of phenolic compounds from kiwifruit pomace
using subcritical water extraction (SWE). The effect of key operating conditions was determined by
altering the extraction temperature (170–225 ºC) and time (10–180 min) under a constant high pressure
(50 bar). The total phenolic and flavonoid content, as well as the antioxidant capacity of extracts, were
assessed. To evaluate the feasibility of SWE technique the results were compared with those obtained
using conventional solvent extractions. High recovery of phenolic compounds (60.53 mg CaE/ g DW)
was gained at 200 °C and extraction time of 90 min presented 20-, 15-,7.5-fold higher value than
ethanol, methanol and acetone extraction respectively. HPLC-DAD analyses were performed to
identify individual phenolic compounds which protocatechuic acid, (+)-catechin, chlorogenic acid, pcoumaric acid and caffeic acid were found to be the most abundant phenolic compounds. Furthermore,
the formation of Maillard reaction products during SWE was investigated, and the level of 5hydroxymethylfurfural (5-HMF) was determined using HPLC. The outcomes of this study indicated a
potential formation of antioxidants from natural phenolic compounds and subcritical water is an
effective solvent to extract certain phenolic compounds, in many cases more advantageous than
conventional techniques.

Keywords: Kiwifruit pomace; subcritical water extraction; phenolic compounds; 5-HMF; solvent
extraction.
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Total synthesis of callyspongiolide
Kwangyoon (Jason) Ko
Daniel P. Furkert and Margaret A. Brimble
Callyspongiolide (1) is a novel 14-membered macrolide isolated from the Indonesian marine sponge
Callyspongia sp. Callyspongiolide possesses a unique conjugated ynediene moiety (C14-C19) that is
unprecedented among the natural products reported to date. Preliminary in vitro studies of
callyspongiolide showed antiproliferative activities against human Jurkat J16 T and Ramos B
lymphocytes with IC50 values of 70 nM and 60 nM respectively. Interestingly, the activity of
callyspongiolide did not diminish on parallel treatment with a caspase inhibitor, QVD-OPh, suggesting
a caspase-independent mode of induction of cell death.1
Recently, studies by Zhou et al.2 have shown that the previously undefined stereochemistry at C21
position of callyspongiolide is R. Further, the absolute stereochemistry of the macrolide region was in
fact the antipode of the initially assigned structure (shown in figure 1) at the time of isolation.
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Figure 1. Retrosynthetic analysis of callyspongiolide (1).

Our synthetic approach toward callyspongiolide involves a convergent synthesis strategy, generating
the key fragments from readily available starting materials that are coupled together in later stages via
ring closing metathesis to furnish the macrolide, followed by a Sonogashira coupling to append the
aromatic side chain.
1.Pham, C.-D.; Hartmann, R.; Böhler, P.; Stork, B.; Wesselborg, S.; Lin, W.; Lai, D.; Proksch, P. Org. Lett. 2014, 16 (1), 266–
269.
2 Zhou, J.; Gao, B.; Xu, Z.; Ye, T. J. Am. Chem. Soc. 2016, 138, 6948-6951.
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Physicochemical properties and molecular structures of kiwifruit starches
Dongxing Li
Supervisor: Dr Fan Zhu
Three varieties of golden kiwifruit (Actinidia chinensis) (Gold3, Gold9 and Hort16A) were collected
at the commercial harvesting time, and physicochemical properties and molecular structures of
starches from core and outer pericarp were studied. Starch contents (dry weight basis) in outer
pericarp and core tissues ranged from 38.6 to 51.8% and 34.6 to 40.7%, respectively. All the kiwifruit
starches showed B-type polymorph. Compared to the outer pericarp starches, amylose content and
enzyme susceptibility of core starches were higher, and the degree of crystallinity, granule size and
gelatinization parameters of core starches were somewhat lower. The core starches have more long
unit chains of both amylopectins and their φ, β-limit dextrins than their outer pericarp starches. Short
B-chain of the amylopectin from outer pericarp is ~ 3% higher that of the core. Overall, the
physicochemical properties and structure of starches from outer pericarp and core are different in a
golden kiwifruit. This study revealed the unique properties of kiwifruit starch among various types of
starches and may provide a structural basis to investigate the starch degradation in kiwifruit, which is
curial for prolonging the shelf life and final taste of the fruit.
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Surface Presented Biocides- Anchored Quaternary Ammonium Salts on Quartz
Rachel Tessy Mathew
Ralph Cooney, Jenny Malmstrom
A commercially established EPA and FDA approved siloxane surface-anchored quaternary ammonium
salt with known anti-bacterial potencies and properties, has been chemisorbed onto a quartz substrate.
The AQAS biocide adsorbate consists of a quaternary nitrogen centre and a C18 alkyl chain both of
which is involved in the proposed lysis potency mechanism. The surface coverage of the resultant
AQAS stable layer which includes a monolayer (2-3nm) and multi-layering was measured using Atomic
Force Microscopy (AFM). The extent of multi-layering was found to be dependent on the AQAS
solution concentration used in the preparation of the surface layers. An angular dependent X-ray
Photoelectron Spectroscopy (XPS) study revealed the existence of two N (1s) signals at about 402 and
399eV, with only the former exhibiting angular dependence. This angular dependent XPS signal at
402eV was assigned to the first monomolecular layer with an assigned perpendicular orientation and
height determined primarily by the AQAS siloxane covalent anchoring to the surface1. The non-angular
dependant N (1s) signal is attributed to the disordered AQAS multi-layers. Preliminary studies of
bacteria on these AQAS surfaces revealed perturbations2 on the top surface of the cells, margins of
Staphylococcus aureus cells and evident degradation of Escherichia coli of the peripheral cells, which
are all consistent with lysis potency3, 4.

Figure 1. AQAS bonding onto quartz surfaces showing interpenetrating network forming a film structure
as evident from the AFM image (below) and perturbations of S.aureus cells on the AQAS surface (AFM
amplitude image above)
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Low-Frequency Ultrasound Homogenization of Cream
Fithri Choirun Nisa
Yacine Hemar, Conrad Perera
Homogenization of cream, by reducing fat globule size, can be utilized to inhibit creaming. For cream
with fat contents higher than 17% (volume) cannot be homogenized with satisfactory results when
conventional methods are used.1 Ultrasonication has been identified as a particularly promising
technology for homogenization of dairy products.2 Previous study on ultrasonication of cream under
cold condition (<10°C) showed that it can reduce the fat globule. However, ultrasonication for 30s
resulted in the formation of coalesced fat globules forming large fat clusters.3 Results on the ultrasound
homogenization of cream at 20kHz with various fat content (5-30%) and temperatures (2-60C) are
reported. The results show that ultrasonication can reduce the fat globule size, although it results in the
formation of fat clusters at low temperature (<20C) and short time (<1min), but at longer time, fat
clusters can be broken. Microstructure of solid fraction showed that there was partial fat coalescence
and formation of double emulsions. Fatty acid composition revealed that long-chain and medium-

chain fatty in solid fraction was higher compared to those present in the liquid fraction.
Ultrasound homogenization at temperature 20C and the addition of SDS can prevent the formation
of fat clusters even at low temperature.
1.
2.
3.

Köhler, K., Aguilar, F. A., Schubert, H., Hensel, A., Schubert, K., & Schuchmann, H. P. Chemical Engineering &
Technology 2008, 31(12), 1863-1868.
Ashokkumar, M., Bhaskaracharya, R., Kentish, S., Lee, J., Palmer, M., & Zisu, B. Dairy Science & Technology 2010,
90(2-3), 147-168.
Chandrapala, J., Ong, L., Zisu, B., Gras, S. L., Ashokkumar, M., & Kentish, S. E. Innovative Food Science & Emerging
Technologies 2016, 33, 298-307.
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Synthetic Studies Towards The Total Synthesis of Opaliferin
Opiyo O. George
Dist. Prof. Margaret A. Brimble, Dr. Daniel P. Furkert
Opaliferin (1), a bioactive polyketide metabolite with a novel C19 skeleton, was recently isolated from
the insect pathogenic fungus of the genus Cordyceps in Japan, and reported to exhibit moderate anticancer activity in vitro against three tumour cell lines.1 The structurally related natural product,
oudenone, exhibits inhibitory activity against tyrosine hydroxylase and a strong hypotensive effect,2 an
indication that (1) may exhibit other bioactive properties that are yet unknown. Synthesis will facilitate
full biological screening and determination of potential structure-activity relationships.

Figure 1. Retrosynthesis of opaliferin

Our initial strategy is focused on synthesis of the carbon framework (2) from chiral building blocks (3
and 4). The 5,5-spiroketal core is envisaged to be prepared from a dihydroxyketone precursor, while
assembly of the fused cyclopentanone ring system by carbene C-H insertion will initially be
investigated., O-alkylation will be used to provide the tetrahydrofuran ring fragment, 4 thus completing
the total synthesis of 1.
1.
2.
3.
4.

Grudniewska A.; Hayashi, S.; Shimizu, M.; Kato, M.; Suenaga, M.; Imagawa, H.; Ito, T.; Asakawa, Y.; Ban, S.; Kumada,
T.; Hashimoto, T.; Umeyama, A. Organic Lett. 2014, 16, 4695-4697.
(a) Ohno, M.; Okamoto, M.; Kawabe, N. J. Am. Chem. Soc. 1971, 93, 1285-1286. (b) Umezawa, H.; Takeuchi, T.; Iinuma,
H.; Suzuki, K.; Ito, M.; matsukazi, M. J. Antibiot. 1970, 23, 514-518.
Brimble, M. A.; Finch, O. C.; Heapy, A. M.; Fraser, J. D.; Furkert, D. P.; O’Conner, P. D. Tetrahedron 2011, 67, 9951001.
Sakai, T.; Iwata, K.; Utaka, M.; takeda, A. Bull. Chem. Soc. Jpn. 1987, 60, 1161-1162.
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Design, Synthesis and Biological Evaluation of Peptide based Inhibitors of Histone
Deacetylases implicated in Cancer
Kamal Deepakbhai Patel
Viji Sarojini, Zimei Wu, Manju Kanamala
Cancer is considered to be the result of alterations in genetic and genomic modifications such as
amplification, translocation, deletions and point mutations. However, apart from genetic modifications,
epigenetic modifications also play important roles in cancer development.1 Particularly implicated in
epigenetic modifications resulting in malignancy are the enzymes histone deacetylases (HDACs) and
Sirtuins. HDACs are upregulated in neuroblastoma and acute myeloid leukaemia (AMV). While
inhibitors of these enzymes have been researched on, gaining selective inhibition of HDAC8 or SIR2
is important mainly because of their role in neuroblastoma development and only few selective
inhibitors of HDAC8 and SIRT2 available till date. The development of selective inhibitors of these
enzymes thus holds promise in cancer therapy. SIRT2 are ATP dependent enzymes, whereas HDAC8
enzymes are metallo-proteins and, in particular, require Zn ions for their activity (Figure 1). Taking into
consideration the unique structural features of these enzymes, we have designed peptide derivatives as
potential inhibitors of these enzymes.2 Head-to tail cyclization and CPP conjugation of the linear
peptides has been undertaken to minimise the inherent poor bio-availability issues of linear peptides.
This study will present the syntheses and evaluation of anti-cancer properties of designed peptide based
inhibitors targeting HDAC8 and SIRT2.

Figure 1: Crystal structure of Suberoylhydroxamic acid (SAHA), an HDAC inhibitor, bound to HDAC8
enzyme.
1. Johnstone, R. W. "Histone-deacetylase inhibitors: novel drugs for the treatment of cancer." Nat Rev Drug Discov, 2002.
2. Balasubramanian, S., J. Ramos, et al. A novel histone deacetylase 8 (HDAC8)-specific inhibitor PCI-34051 induces
apoptosis in T-cell lymphomas. Leukemia., 2008.
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Molecular Modelling and Virtual Screening for Isocitrate lyase I inhibitors
Krunal Patel
Ram Bhusal, Dr Ivanhoe Leung, Supervisor - Dr JÓhannes Reynisson

Mycobacterium tuberculosis can be latent in the human body, which can eventually be active
tuberculosis. Isocitrate lyase (ICL) is the first enzyme of the glyoxylate cycle, which cleaves isocitrate
to succinate and glyoxylate1. Oxaloacetate is biosynthesized in the process from both substrates.
Oxaloacetate, which is a precursor of gluconeogenesis, it generates glucose molecules for the survival
of Mycobacteria2. Till now, there are no inhibitors which can be used as drugs. Aim of the project to
find potent inhibitors with high selectivity and less toxicity. Computation tools has been used to find
the inhibitors, such as molecular modelling and virtual high throughput screening. Few promising
compounds were identified through computation metrology. Biological studies has been done with
few of them and still it is under process.

Figure 1. (A) The protein surface is rendered. The ligand occupies the binding pocket. (B) Hydrogen
bonds are depicted as green lines between the ligand and the amino acids TRP93, HIS193, TYR89
and GLY92.
1.
2.

Wayne L. G.; Sohaskey C. D.; Nonreplicating persistence of Mycobacterium tuberculosis. Annu. Rev. Microbiol.
2001, 55, 139-63
Kratky M.; Vinsova J.; Advances in mycobacterial isocitrate lyase targeting and inhibitors. Current medicinal
chemistry. 2012, 19, 6126-37.
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Assessment of raw milk culture potential for the formation of flavour in cheese
Jessica Yoko Suda
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The acceptability of dairy products by consumers rely mainly on their sensory attributes in which
flavour plays a major role1. The typical aroma of cheese is the result of the combination and balance
of a great number of volatile compounds present in specific ratio and concentration2. These
compounds are originated by the action of microorganisms and their enzymes in milk giving rise to a
complex range of volatile metabolites3. Thus, volatile organic compounds (VOC) can influence the
relationship between production chain and consumer acceptability. In other words, the characteristics
of the milk from different farms affect the sensory quality of matured cheese, the VOC profile in
particular1. In this way, the aim was to study the potential aroma profile produced using raw cow’s
milk endogenous microflora as adjunct culture and to determine the resulting volatile signature. The
study was conducted using a cheese-like model added with commercial starter culture and raw milk.
The cheese-like model was aged for 4 weeks and analysed for volatile composition using HE-SPME
and GCMS. The measured data were analysed using an untargeted approach.
1.
2.
3.

Bergamaschi, M., Aprea, E., Betta, E., Biasiolli, F., Cipolat-Gotet, C., Cecchinato, A., Bittante, G., Gasperi, F. J.
Dairy Sci., 2015. 98, 2183-2196.
Gómez-Ruiz, J.Á., Ballesteros, C., Viñas, M.Á.G., Cabezas, L., Martínez-Castro, I. Lait, 2002. 82, 613-628.
Bintsis, T., Robinson, R.K. Food Chemistry, 2004. 88, 435-441.
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The interaction between Ru/Os piano stool complexes and lysozyme impacts protein
stability
Matthew P. Sullivan,§† Michael Groessl,◊ Samuel M. Meier,‡ Richard L. Kingston,† David C.
Goldstone,† Christian G. Hartinger§
§ School of Chemical Sciences, University of Auckland, Private Bag 92019, Auckland, New Zealand
† School of Biological Sciences, University of Auckland, Private Bag 92019, Auckland, New Zealand
◊ TOFWERK, Uttigenstr. 22, Thun, Switzerland
‡ Institute of Analytical Chemistry, University of Vienna, Waehringer Str. 38, Vienna, Austria

Since the advent of cisplatin (1987),1 there has been a fervent search for the next ‘blockbuster’ metalbased anticancer drug. This search led to the advent of the piano-stool scaffold which holds a number
of favourable properties and with small changes to the ligand structures, significant changes in the
biological activity were observed.2 In order to investigate the impact of metalation of the model protein
hen egg white lysozyme (HEWL) with M(η6-p-cymene)X2 (where M=Ru, Os. X=Cl, Br, I), we
employed ion mobility mass spectrometry (IM-MS), differential scanning calorimetry (DSC), dynamic
light scattering (DLS), and protein X-ray crystallography to characterise interactions.
Protein stability was detected with IM-MS, DSC, and DLS, which showed a greater effect for the
ruthenium chlorido species over the other complexes tested. Crystal structures of metallated HEWL
showed altering the metal centre/ligands changed the number of adducts formed. The ruthenium
chlorido species was observed binding at two sites (Figs. 1a and 1b) while a simple exchange to bromido
ligands or replacing the Ru with an Os centre showed binding only at the major site (Fig. 1a). The
choice of metal centre and leaving group clearly impact the binding interactions of piano stool
complexes.3 Further investigative organometallic species, dichlorido(1,3-dimethylbenzimidazoleand
chlorido[N-(4-(maleimidyl)phenyl)pyridine-2κC2)(η6-p-cymene)ruthenium(II)
carbothioamide](η6-p-cymene)ruthenium(II) chloride interactions were explored with HEWL, which
show varying binding modalities due to their unique ligand structures (Fig. 1c).4
a)

b)

c)

Figure 1. [M(cymene)Cl2]2 interactions with HEWL. a) Site 1 showing the M(cymene)Cl2 fragment attached to
His15 of HEWL. b) A point of interaction was observed where (cymene)RuCl2Ru coordinated to Asp101. c)
Investigational complex interacting with His15 and Arg14 in a bidentate modality to HEWL with a water molecule
completing the co-ordination sphere.
1.
2.
3.
4.

Arnesano, F.; Natile, G. Coordination Chemistry Reviews 2009, 253, 2070-2081.
Peacock, A. F.; Sadler, P. J. Chemistry - An Asian Journal 2008, 3, 1890-9.
Sullivan, M.; Groessl, M.; Meier, S. M.; Kingston, R.; Goldstone, D.; Hartinger, C. Chemical Communications 2017.
Hanif, M.; Moon, S.; Sullivan, M. P.; Movassaghi, S.; Kubanik, M.; Goldstone, D. C.; Söhnel, T.; Jamieson, S. M.
F.; Hartinger, C. G. Journal of Inorganic Biochemistry 2016.
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C13-norisoprenoids are carotenoid-derived aroma

compounds responsible for the

characteristic aroma and flavors of wine. The majority of C13-norisoprenoids present in
grapes exist either as free volatiles or as non-volatile glycoconjugates. The glucosidic forms
of these compounds can undergo either acid or enzymatic hydrolysis to trigger the release of
free volatiles contributing to the wine aroma and flavors.1,2 This research aims to investigate
the glycosides of C13-norisoprenoids and the corresponding chemical pathways for their
formation in grapevine leaves, grape berries and as wine metabolites.3,4,5 A combined
approach involving the total synthesis of megastigm-4-en-3,6,9-triol-9-O-glucoside,
megastigm-4-en-3,6,9-triol-3-O-glucoside, 4,5-dihydrovomifoliol 9-O-β-D-glucopyranoside
and 4,5-dihydrovomifoliol 3-O-β-D-glucopyranoside (Figure 1), will allow analysis of these
molecules from natural sources using mass-spectrometry (MS). In addition, computational
modelling by high-level quantum chemical modelling will provide complementary structural,
energetic and dynamic details to support MS fragmentation mechanisms.

Figure 1. Glucosides in grapes and wines.
1.
2.
3.
4.
5.

Williams, P. J.; Strauss, C. R.; Wilson, B.; Massy- Westropp, R. A. Phytochemistry 1982, 21,
2013-2020
Günata, Y. Z.; Bayonove, C. L.; Baumes, R. L.; Cordonnier, R. E. Journal of chromatography 1985,
331, 83-90
Teranishi, R.; Takeoka, G.; Güntert, M. ACS Symp. Ser. 1992, 490(1), 1-6
Sefton, M. A.; Francis, I. L.; Williams, P. J. Am. J. Enol. Vitic. 1993, 44, 359-370
Loscos, N.; Hernandez-Orte, P.; Cacho, J.; Ferreira, V. J. Agric. Food Chem. 2007, 55, 6674-6684
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Grape marc extract as an antioxidant and antimicrobial additive
Charlotte Vandermeer
Kenneth J. Olejar, Zoran Zujovic, Simon Swift1, Paul Kilmartin
1

Department of Molecular Medicine and Pathology, University of Auckland

Winery waste, or grape marc, is the skin, seeds, and stems left over from the wine-making process, and
contains a high proportion of polyphenols, especially condensed tannins.1 Incorrect storage of this waste
can lead to environmental problems that have recently arisen in New Zealand.2 A simple,
environmentally friendly process was used to extract the phenolic compounds from the grape marc,
which resulted in a brown powder. The resulting powder was heated to temperatures of 100, 150, 200,
and 250 °C for a period of 10 minutes to establish the heat stability of the active compounds. For the
extract to be considered as an additive in active packaging, it must be able to withstand high
temperatures in the melt blending process. There was no significant loss in antioxidant or antimicrobial
activity against Staphylococcus aureus or Escherichia coli after heating. The extract is not active against
Candida albicans. Grape marc extract (GME) was therefore melt blended with high density
polyethylene (HDPE) and linear low density polyethylene (LLDPE) at 170 °C, after which the resulting
polymer underwent compression moulding to form thin films. Films containing 0.25% to 10% GME by
weight were then characterised and their antioxidant and antimicrobial activity established.
1.

Adams, D.O. American Journal of Enology and Viticulture 2006, 57, 249-256.
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Reliable, Reproducible Detection for Accurate Measurement of Bovine Estrus and
Pregnancy Using Centrifugal Microfluidics
Matheus J. T. Vargas, Mithileshwari Chandrasekhar, E. David Williams, M. Cather Simpson
Microfluidics is the science and technology of systems that process or manipulate small (10-9
to 10–18 litres) amounts of fluids, using channels in the micrometre range.1 The replacement of
a conventional pump with centrifugal force results in centrifugal microfluidics, also known as
‘lab-on-a-disk’. Centrifugal microfluidics is a useful technique to develop automated or semiautomated sample-to-answer systems in micro total analysis.2 The measurement of
progesterone in cows is highly valuable for the dairy industry, and is currently the most widely
accepted but not the most used measure for bovine oestrus and pregnancy. Current methods
are based on observations of animal behaviour, and 5-15% of cows are inseminated when they
are not in or near oestrus.3 This research involves the construction of a reliable work station
(Figure 1), fast and precise prototyping of centrifugal microfluidic disks, the development of
hydrophilic and hydrophobic microfluidic valves, and detection methods. Finally, this research
will enable full development and thorough characterization of an immunoassay-based sensor
that can be deployed in a centrifugal microfluidic platform usable in the dairy industry.

Figure 1. Centrifugal microfluidics working station.
1.
2.
3.

George, M. W. Nature 2006, 442 (7101), 368–373.
Strohmeier, O.; Keller, M.; Schwemmer, F.; Zehnle, S.; Mark, D.; von Stetten, F.; Zengerle, R.; Paust, N. Chem. Soc.
Rev. 2015, 44 (17), 6187–6229
Pohler, K. G.; Green, J. A.; Geary, T. W.; Peres, R. F. G.; Pereira, M. H. C.; Vasconcelos, J. L. M.; Smith, M. F. In
Regulation of Implantation and Establishment of Pregnancy in Mammals; Geisert, R. D., Bazer, F. W., Eds.; Springer
International Publishing, 2015; Vol. 216, pp 253–270.
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Laser scribed graphene/PVDF-HFP composite electrodes with improved mechanical
water wear and their electrochemistry
Guangyuan Xu
Paul A. Kilmartin and Jadranka Travas-Sejdic

As a recent member in carbon nanomaterials, graphene has been widely investigated in sensing and
energy applications due of its specific two-dimensional nanostructure and attractive intrinsic
properties. Laser scribing of graphite oxide (GO) is a facile and cost-effective technology for
fabricating patterned reduced graphene oxide electronics in a single-step. However, if the laser
scribing does not occurs through all of the layers of the graphite oxide, the existence of water-soluble
graphite oxide underneath the laser scribed graphene may result in the unexpected low-stability of the
produced electronic elements in aqueous media. This study investigates the electrochemical
performance and mechanical stability of laser scribed graphene films that contained various content of
poly(vinylidene fluoride-co-hexafluoropropylene) as a binder, blended into the graphite oxide
dispersion. The laser scribed composite graphene electrodes not only showed improved water
mechanical wear resistance, but also largely unaffected the electrochemical behaviour when compared
with the binder-free laser scribed graphene. The findings are significant in terms of the development
of robust bioelectronics, to be employed in aqueous environments, based on the simple methodology
of laser scribing of GO.

Figure 1. Schematic description of the laser scribing of graphite oxide/PVDF-HFP composite and the
process of LSG/PVDF-HFP hybrid electrode preparation: (A) The dispersion of GO/PVDF-HFP in
NMP by ultra-sonication; (B) Spin coating of the homogenous GO/PVDF-HFP solution onto a plasma
treatment PET substrate ; (C) Direct laser writing of patterned LSG electrodes using a LightScribe
DVD burner; (D) The individual electrodes (exposed area 3 mm in diameter) fabricated into a working
electrode for the electrochemical experiments.
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The identification of novel Vitis vinifera polyphenol oxidase inhibitors using virtual
screening
Ayesha Zafar, Yu Li, Jóhannes Reynisson, Ivanhoe K. H. Leung

Vitis vinifera polyphenol oxidase (PPO) is a copper-containing enzyme that catalyses oxidation of
phenolic compounds in grapes.1 Polyphenol Oxidase (PPO)2-4 protein represents a new target to
improve the shelf life of fruits but suitable inhibitors are lacking. Therefore, in order to identify active
compounds (hits) virtual high throughput screening was performed. A screen was performed using
approximately 1×104 natural products. These were screened against the binding pocket of PPO
(PDB:2p3x, Resolution: 2.2 Å)1 using GOLD. As a result 34 plausible compounds were identified
(virtual hits). Then, the 1H NMR-based single concentration inhibition experiments were conducted.
Interestingly, a reduction of grape PPO catalytic activity was observed for almost all compounds.
However, most were found to be weak inhibitors and only showed around 20% reduction in catalytic
activity as compared to known inhibitor Tropolone. Two compounds, 16 and 26, led to a ~40%
reduction in grape PPO catalytic activity, which is similar to other reported PPO inhibitors including
Morin and 2,4-dihydroxycinnamic acid. Importantly, unlike many reported PPO inhibitors, our
compounds do not contain the phenol or diphenol scaffold. Furthermore, In order to explore the
chemical space around Tropolone for activity against PPO, six close structural analogues were
selected using molecular modelling and tested using the 1H NMR-based assay. Interestingly, it
revealed another active compound 7 which is found to be a stronger inhibitor than Troplone with an
IC50 value of 2μM (Figure 1).

Cu

Figure 1. The docked configuration of compound 7 and 16 to the binding site of PPO (PDB:2p3x)
using GS and PLP. The protein surface is rendered. Red depicts a positive partial charge on the
surface, blue depicts negative partial charge and grey shows neutral/lipophilic areas. Compound 7
(Green ball and stick) fits into the binding site while compound 16 (stick) sits in front of the pocket.

1.
2.
3.
4.

V. M. Virador, J. P. Reyes Grajeda, A. Blanco-Labra, E. Mendiola-Olaya, G. M. Smith, A. Moreno and J. R. Whitaker,
Journal of agricultural and food chemistry, 2009, 58, 1189-1201.
P. Nokthai, V. S. Lee and L. Shank, International journal of molecular sciences, 2010, 11, 3266-3276.
H. Wang, S. Yan, Q. Wang and S. H. J. Li.
S. Raghavendra, S. J. A. Rao, V. Kumar and C. K. Ramesh, Computational biology and chemistry, 2015, 59, 81-86.
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Morphology of noni juice containing maltodextrin and gum acacia during single droplet
drying

Chuang Zhang1
Nan Fu2, Xiao Dong Chen2, Siew Young Quek1*
1
2

Food Science, School of Chemical Sciences, The University of Auckland, Auckland, New Zealand.

School of Chemical and Environmental Engineering, College of Chemistry, Soochow University, Suzhou,
China.

Microencapsulation of noni juice by spray drying masks its unpleasant odour and also protects
bioactives which are sensitive to environment.1 In this study, noni juice was encapsulated with
maltodextrin (MD) and gum acacia (GA). Single droplets of noni juice with different compositions were
suspended on a glass filament to observe the drying and dissolution behaviours. At each drying stage,
the drying process was stopped to investigate changes occurred in the morphology of semi-dried particle,
either by attaching an additional water droplet or by maintaining the semi-dried/dried particle suspended
in a convective drying chamber with no air flow. By conducting the test, the morphology changes were
compared at various drying stages. The microstructures of dried particles were observed by scanning
electron microscopy (SEM), and the morphologies were compared by observing its surface and inner
microstructures. The results obtained in this investigation show the underlying mechanisms of particles
formations during single droplet drying of noni juice containing MD and GA.

1. Gharsallaoui, A., Roudaut, G., Chambin, O., Voilley, A., & Saurel, R. (2007). Applications of spray-drying in
microencapsulation of food ingredients: An overview. Food Research International, 40(9), 1107-1121.
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Antimicrobial Polymer and Surface Modification
Qiang Zhang1,2,3, Mona Damavandi1,2, David Barker2, Simon Swift3, Ralph Cooney2,3,
Jadranka Travas-Sejdic1,2,3
1

Polymer Electronic Research Center, 2School of Chemical Science, University of Auckland, New Zealand.
3
Biocide Toolbox, University of Auckland, New Zealand.

As one of the oldest and the most successful life forms on earth, micro-organisms possess versatile and
efficient adaptive mechanisms which allow them morphing or evolving to survive extreme conditions
including antibiotics that have been widely used since penicillin. To restrain the constantly evolving
bacteria strains and consequently resistance to present antibiotics, novel antimicrobial agents and
methods are in great demand. Conjugated polymers have been proven to be antimicrobial due to reactive
oxygen species generated under light activation.
Conjugated polymers, such as poly(p-phenylene vinylene), poly(p-phenylene ethynylene), have been
studied to create physical damage to the bacteria membrane, organelles and enzymes. 1 The
antimicrobial efficiency is largely controlled by properties of the conjugated system, as well as pendants
or side chains along the polymer. Poly(thiophene phenylenes) (PThP) is another novel conjugated
polymer which could be modified further with a range of functional groups.2 From this research
specifically, side chains of quaternary ammonium salts which afford another mechanism of highly
efficient biocide have been grafted from the PThP by Activator ReGenerated by Electron Transfer Atom
Transfer Radical polymerization (ARGET-ATRP).
1.
2.

Ji, E.; Corbitt, T. S.; Parthasarathy, A.; Schanze, K. S.; Whitten, D. G. ACS applied materials & interfaces 2011, 3,
2820-2829.
Chan, E. W. C.; Baek, P.; Barker, D.; Travas-Sejdic, J. Polymer Chemistry 2015, 6, 7618-7629.
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Synthesis and Biological Evaluation of Callyearin A and Its Analogues as Potential
Anti-TB Therapeutics
Shengping Zhang
Luis M. De Leon Rodriguez, Paul W. R. Harris, Greg Cook, Margaret A. Brimble
Mycobacterium tuberculosis (Mtb) is the causative agent of tuberculosis (TB), an infection considered
as a global public health emergency given its high prevalent mortality and morbidity. Callyaerin A, a
naturally occurring cyclic peptide that contains an unusual (Z)-2,3-diaminoacrylic acid moiety, has
recently been shown to exhibit potent activity against Mtb (MIC90, 2.0 µM) with no observed
cytotoxicity.1-3 Therefore, the syntheses of callyearin A and its analogues are carried out using solid
phase peptide synthesis strategy in order to explore their potential as new drug leads for the treatment
of TB. Briefly, an acetal protected formyl glycine was introduced into the sequence to afford the
corresponding side chain aldehyde functionality after the acid-mediated peptide cleavage. The
formation of the enamine linkage between isoleucine and the formyl glycine then quickly occurred
through the condensation between the N-terminal amine and the generated aldehyde after the
treatment of the linear peptide with 0.1% TFA in acetonitrile. Finally, callyearin A was obtained in a
high yield (>90%) and the remaining analogues are now being prepared in the same fashion. All the
synthetic peptides will be tested for their anti-TB activity in order to gain further knowledge on the
structure-activity relationships of this family of peptides.

Figure 1. Synthesis of the callyaerin A.
1.
2.
3.

Ibrahim, S. R. M.; Min, C. C.; Teuscher, F.; Ebel, R.; Kakoschke, C.; Lin, W.; Wray, V.; Edrada-Ebel, R.; Proksch, P.
Bioorg. Med. Chem., 2010, 18, 4947-4956.
Daletos, G.; Kalscheuer, R.; Koliwer-Brandl, H.; Hartmann, R.; De Voogd, N. J.; Wray, V.; Lin, W.; Proksch, P. J. Nat.
Prod., 2015, 78, 1910-1925.
De Leon Rodriguez, L. M.; Kaur, H.; Brimble, M. A. Org. Biomol. Chem., 2016, 14, 1177-1187.
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Deposition and arrangement of cellulose microfibrils during collenchyma cell
development
Da Chen, Laurence D. Melton, Duncan McGillivray, Yiran An, Philip J. Harris1
1

School of Biological Sciences, The University of Auckland.

Cellulose serves as key load bearing biopolymer in plant cells, whose deposition and alignment is of
vital importance to direct cell expansion, regulate cell growth rate and determine cell shape. However,
a unified conclusion has not been drawn on how they change during plant development in order to
maintain wall rigidity. In the current study, celery collenchyma, a representative of thickened primary
walls, were used. We found that the cellulose microfibrils deposited more or less transversely regardless
of developmental stages, but the cellulose microfibrils became more longitudinal orientated with
formation of ordered herringbone patterns during growth, suggesting passive orientation of cellulose
microfibrils could occur during plant growth.
(A)

(B)

100

31.3 cm
23 cm
11 cm
3 cm

Probability

80
60
40
20
0
0

10

20

30

40

50

60

70

80

90

Cellulose microfibril angles (°)

Figure 1. AFM image of cellulose microfibrils in the outer surface of young collenchyma cells (A) and
estimated cellulose microfibril angles distribution at different maturity (B) from small angle X-ray
scattering.
1.
2.

Saxe, F., Eder, M., Benecke, G., Aichmayer, B., Fratzl, P., Burgert, I., & Rüggeberg, M. (2014). Measuring the
distribution of cellulose microfibril angles in primary cell walls by small angle X-ray scattering. Plant methods, 10,
25-32.
Leroux, O. (2012). Collenchyma: a versatile mechanical tissue with dynamic cell walls. Annals of botany, 110, 10831098.
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Total synthesis of ovafolinin A and B via a novel cascade cyclisation
Samuel J. Davidson
David Barker

Figure 1. Structures of ovafolinin A and B.1,2

Ovafolinin A and B (fig. 1), isolated from Lyonia ovalifolia var. elliptica,1 and also ovafolinin B from
Sinocalamus affinis,2 are lignans which contain a unique tetra- and pentacyclic benzoxepin-bridged
aryl tetralin structure. We report the first total synthesis of these natural products utilising an acylClaisen rearrangement (fig. 2) to construct the lignan backbone with correct relative stereochemistry.

Figure 2. Acyl-Claisen rearrangement to form the disubstituted morpholine pent-4-enamide and
subsequent overview of the synthetic route to (±)-ovafolinin A and B.

Furthermore, judicious use of bulky TBDPS protecting group placed reactive moieties in the correct
orientation resulting in a cascade reaction forming the benzoxepin-bridged aryl tetralin from a linear
precursor in a single step (fig. 2).

Figure 3. Overview of the synthesis of enantiopure ovafolinin A and B.

Following confirmation of the relative stereochemistry for ovafolinin A and B, a chiral synthesis was
then devised to confirm the absolute stereochemistry. This chiral route utilised an Evan’s chiral
oxazolidinone to obtain a single enantiomer of the same key compound prior to cyclisation (fig. 3),
resulting in the first synthesis of enantiopure ovafolinin A and B.
1.
2.

Kashima K, Sano K, Yun YS, Ina H, Kunugi A, Inoue H. Chem Pharm Bull (Tokyo) 2010, 58, 191–194.
Xiong L, Zhu C, Li Y, Tian Y, Lin S, Yuan S, Hu J, Hou Q, Chen N, Yang Y, Shi J. J Nat Prod. 2011, 74, 1188–1200.
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Smart Functionalized Catalytic Films for Water Purification
Courtney Davy
Professor L. James Wright
As the world’s population increases the industrial and agricultural activities intensify, therefore the
availability of clean water is becoming a rapidly growing global problem. In these situations, the need
for removal of trace contaminants such as pesticides, herbicides, active pharmaceutical ingredients and
endocrine disrupters is particularly important.1 None of the current methods used for water purification
is ideal and finding efficient and cost effective methods to remove trace levels of organic pollutants is
very difficult.1, 2 There is a clear need for an alternative system that will enable large volumes of water
to be efficiently and simply treated to remove organic pollutants, especially those that are difficult to
be removed by current methods.
The proposed new purification system is based on the creation of an innovative smart catalytic film
(SCF) that will remove organic pollutants from water through a catalytic oxidation process that converts
them to harmless products. The water will be purified as it simply runs across the film as shown in
figure 1. Large volumes of water can be easily purified by the catalytic oxidative destruction of harmful
pollutants without having to dose the entire water body with H2O2.
The current research has looked into developing SCF using polychloromethylstyrene (PCMS). We have
successfully functionalized the polymer film with molecular brushes and have adsorbed the oxidation
catalyst (FeB*) through irreversible non-covalent interactions (figure 2). Our research shows that the
pollutant molecules can be oxidised by the activated FeB* catalyst molecules and that the SCF can be
used up to 50 times (depending on the molecular brush) until degradation of the catalyst occurs.
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Figure 1: Schematic diagram of the overall purification
system, incorporating smart catalytic films

1.
2.

Figure 2: Structure of FeIII-TAML catalyst, FeB*

Dalrymple, O. K.; Yeh, D. H.; Trotz, M. A. Journal of Chemical Technology and Biotechnology 2007, 82, 121-134.
Khetan, S. K.; Collins, T. J.; Chemical Reviews 2007, 107, 2319-2364.
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Use of peptide-drug conjugates systems as potential therapeutics for polycystic kidney
disease (ADPKD)
Shama Dissanayake1
Swarna A. Gamage2, William.A.Denny2 and Viji Sarojini1
1
School of Chemical Sciences and 2Auckland Cancer Society Research Centre, the University
of Auckland
Autosomal dominant polycystic kidney disease (ADPKD) is characterised by progressive growth of
bilateral renal cysts and gives rise to hypertension, renal pain and renal insufficiency. There are no
efficient treatments available to cure ADPKD other than to alleviate the pain and symptoms of renal
manifestation. Recently Auckland Cancer Society has identified a promising compound that shows
broad spectrum of activity against numerous cancer cell lines1. This compound has been modified by
introducing a free thiol group to facilitate its conjugation with a peptide, which acts as a cargo carrier
(figure 2). A number of analogues were also synthesised that can potentially be tested against used
ADPKD. A reported kidney specific peptide sequence will be used as a cargo carrier peptide for kidney
targeting 2. This kidney specific peptide was successfully conjugated to the thiolated compound (figure
2). This poster will highlight the synthesis of the peptide-drug conjugate and the synthesis of the other
analogues.
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Figure 1. Proposed peptide-conjugate system to target ADPKD
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Figure 2. Successfully synthesised conjugate system with model compound

1.
Gamage, S. A.; Brooke, D. G.; Redkar, S.; Datta, J.; Jacob, S. T.; Denny, W. A., Structureactivity relationships for 4-anilinoquinoline derivatives as inhibitors of the DNA methyltransferase
enzyme DNMT1. Bioorg Med Chem 2013, 21 (11), 3147-53.
2.
Geng, Q.; Sun, X.; Gong, T.; Zhang, Z.-R., Peptide–drug conjugate linked via a disulfide
bond for kidney targeted drug delivery. Bioconjugate chemistry 2012, 23 (6), 1200-1210.
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Exploring Obscure Wine Aroma Compounds – Thiols and Sesquiterpenes
Nina Duhamel
Dr. Bruno Fedrizzi, Dr. David Barker, Dr. Roberto Larcher1
1

Fondazione Edmund Mach, Italy.

The objective of our research is to further our knowledge of the compounds and chemical pathways
giving rise to wine aroma. One part of the project focuses on thiols, in particular 3-mercapto hexanol
(3MH), 3-mercapto hexylacetate (3MHA), and 4-mercaptomethyl-pentan-2-one (4MMP) which are
known to be favourable wine aroma compounds.1,2 By investigating via which chemical pathways these
are formed, the levels of these compounds can be manipulated via changes in viticulture or winemaking
processes, resulting in increased quality of wine aroma.3 The three thiols 3MH, 3MHA, and 4MMP,
along with the cysteinyl and glutathionyl adducts of 3MH, have all been synthesised with deuterium
labels, for use as internal standards. Sulfonic acid derivatives of trans-2-hexenal have also been
synthesised for investigation as possible thiol precursors.4 The second part of the project is the
exploration of a class of compounds named sesquiterpenes, several of which have been identified in
wines.5 We are carrying out the total synthesis of spirolepechinene,6 have performed deuterium labelling
of commercially available sesquiterpenes, and subsequently developed a GCMS/MS method for the
accurate quantification of 10 sesquiterpenes in grape. The method was then used to quantify
sesquiterpene levels in a wide range of grape musts from the Trentino-Alto Adige region of Italy.
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Figure 1. Key structures and representative precursors under investigation. Relative stereochemistry of
spirolepechinene is highlighted, as is the position of deuterium labelling on caryophyllene oxide.
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2007, 24(7), 561-574.
Swiegers, J. H., Willmott, R., Hill-Ling, A., Capone, D. L., Pardon, K. H., Elsey, G. M., Pretorius, I. S.,
Developments in food science. 2006, 43, 113-116
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Transformation of indoles by C-H borylation
Andrew Eastabrook
Christy Wang, Emma Davison, Dr Jonathan Sperry

We will discuss the use of an iridium-catalysed borylation reaction as an enabling step in the conversion
of indoles to indolequinones, biologically active heterocyclic motifs that usually rely on fragment based
approaches for their preparation1. Application of this borylation methodology in the synthesis of densely
substituted, 2,3,5,7-tetrasubstituted indoles will also be presented2.

1. Eastabrook, A. S.; Wang, C.; Davison, E. K.; Sperry, J. J. Org. Chem. 2015, 80, 1006.
2. a) Eastabrook, A. S.; Sperry, J. Aust. J. Chem. 2015, 68, 1810. b) Eastabrook, A. S.; Sperry, J. Synthesis. [Online early
access]. DOI: 10.1055/s-0036-1589018 Published Online: May 8, 2017. https://www.thiemeconnect.de/products/ejournals/html/10.1055/s-0036-1589018 (Accessed July 14, 2017)
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Spectroscopic Studies of the chemistry of H4SiO4 Polymerization at the AqueousMagnetite Interface
Nadia H. Elgaroshi
Gordon Miskelly and Peter Swedlund
Iron oxides and oxyhydroxides (here in termed simply as iron oxides) are important phases that are
widespread in the nature. Iron oxides often haver large surface areas which enable them to adsorb
many dissolved ions or molecules influencing the chemistry of natural aquatic system1. Silicic acid
(H4SiO4) is ubiquitous in natural water systems as the result of weathering of silicate minerals2 and
has a high affinity for the surface of iron oxide . The interaction between H4SiO4 and iron oxide can
involve sorption, polymerisation and precipitation and influences numerous properties of iron oxides
such as the surface charge, phase stability and particle morphology3. In this study we use in situ ATRIR to understand H4SiO4 sorption and polymerisation on the surface of magnetite. In situ ATR-IR
spectra were measured over time as magnetite reacted with 1.6 mM H4SiO4 in 0.1 NaCl at pH 9. The
spectra showed the oxidation state of the magnetite surface influenced the H4SiO4 condensation. The
monomeric species were dominating on the magnetite surface( FeCL2/FeCl3) as evident from the infra
red band at 940 cm -1 but when the magnetite surface had been oxidized to Fe III due to the influence
of SO4-2 which promote formation of goethite( FeOOH), the ATR-IR spectra showed a large amount
of oligomeric and polymeric silicate species at 1010 cm-1 and 1100 cm-1 alternatively Figure 1. This
was rationalised from the structure of the magnetite (111) face and the goethite (021) face.
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Figure 1; ATR-IR absorbance spectra recorded as (a) fresh magnetite ( FeCl2/FeCl3) and (b) oxidize
magnetite ( FeSO2/FeCl3) with H4SiO4.
1. Cornell, R. M.; Schwertmann., U., The iron oxides. VCH: New York 1996.
2. (a) Meng, Z. G.; Korfiatis, G. P.; Christodoulatos, C.; Bang, S., Treatment of arsenic in Bangladesh well water using a
household co-precipitation and filtration system. Water Research 2001, 35 (12), 2805-2810; (b) Urasa, I. T.,
Determination of arsenic, boron, carbon, phosphorus, selenium, and silicon in natural-waters by direct-current plasma atomic
emission-spectrometry. Analytical Chemistry 1984, 56 (6), 904-908.
3. Cornell, R. M.; Schwertmann, U., The iron oxides : structure, properties, reactions, occurences and uses. 2 ed.; WileyVCH: Weinheim, 2003.
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Pt nanoparticles electrodeposited on to PEDOT-g-PAA brushes
Alissa Hackett
Duncan McGillivray, Jadranka Travas-Sejdic
Electrodeposition of metal nanoparticles is a simple and robust method of synthesizing nanoparticles
on substrates. Conducting polymers (CPs) make ideal substrates for electrodeposition, providing a
conductive, high surface area scaffold, while the deposited nanoparticles can enhance the optical and
electrochemical properties of the CP.1 The addition of polymer brushes grafted from CPs add another
layer of customization, with the ability to add functionality, tune solubility, improve optical
properties, or prevent non-specific binding in the case of sensing devices.2 However, while numerous
studies have been conducted using incorporation of metal nanoparticles in (conducting) polymer
substrates or on to polymer brush-coated substrates, there is currently no published research into
nanoparticle deposition on CP-brush substrates. Such materials could provide multiple avenues of
tuning surface chemistry and physical properties to specific applications.
We have synthesised polyacrylic acid (PAA) brushes grafted on to a conducting PEDOT backbone to
complex with Pt2+ ions, allowing them to be reduced electrochemically to Pt0 nanoparticles. The
negatively charged PAA brushes are pH-sensitive and can also interact with positive charges on the
(oxidized) CP backbone, leading to reversible swelling/collapse of the brushes based on the oxidation
state of the CP and environmental pH. The Pt nanoparticles enhance the electroactivity and pH
responsiveness of the film, leading to a range of applications such as (bio)sensing devices, catalysis,
and electrically addressable substrates for cell culture.

Figure 1: Pt

2+

complexing with PEDOT-g-PAA surface prior to being electrochemically reduced to Pt

0

nanoparticles.

1.
2.

Patten, H. V.; Ventosa, E.; Colina, A.; Ruiz, V.; López-Palacios, J.; Wain, A. J.; Lai, S. C. S.;
Macpherson, J. V.; Unwin, P. R. Journal of Solid State Electrochemistry 2011, 15, 2331-2339.
Strover, L. T.; Malmström, J.; Travas-Sejdic, J. The Chemical Record 2016, 16, 393-418.
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Improving speciation of metal based anticancer agents in serum samples via coated
capillaries for CE-ICP-MS analysis
Hannah U. Holtkamp,†
Sanam Movassaghi,† Stuart J. Morrow,† Mario Kubanik,† Stephen M. F. Jamieson,‡ and
Christian G. Hartinger†
†School of Chemical Sciences and ‡Auckland Cancer Society Research Centre,
University of Auckland, Private Bag 92019, Auckland 1142, New Zealand
hannah.holtkamp@auckland.ac.nz

Metal-based anticancer agents are known to interact with serum proteins after intravenous
administration, particularly with the proteins albumin and transferrin, and the interaction is considered
an important influence on their transportation, selectivity, and efficacy [1]. For platinum-based
compounds this interaction is thought to decrease the active concentration, while for ruthenium it is
proposed as a method of intracellular accumulation. A recent study with organoruthenium complexes
and HCT116 tumour cells demonstrated that accumulation is not always correlated with cytotoxic
activity [2].
We contrast the cytotoxicity and cellular accumulation rates of both cisplatin and RAPTA-C at 4, 24,
48 and 72 h time intervals, measuring both the intra- and extracellular metal concentration via ICP-MS
and then determine speciation via CE‒ICP-MS analysis. CE analysis using silica capillaries can be
challenging due to protein interactions with the charged silanol groups [3]. We optimised a capillary
coating method using poly(vinyl pyrrolidone) (PVP), which demonstrated considerable advantages
compared with polybrene, for the efficient separation and detection of metal complex-protein adducts.
The use of the internal standard tris(acetylacetonato)cobalt(III) further improved the reproducibility of
electropherograms and detection limits.

Figure 1. Quantitative and speciation kinetic data collected from cellular uptake studies with RAPTA-C
and cisplatin in HCT116 cancer cells as analyzed by ICP-MS and CE–ICP-MS analysis.

References:
[1] Timerbaev, A. R., Hartinger, C. G., Aleksenko, S. S., Keppler, B. K., Chem. Rev. 2006, 106, 22242248.
[2] Kubanik, M., Holtkamp, H., Söhnel, T., Jamieson, S. M. F., Hartinger, C. G., Organometallics 2015,
34, 5658-5668.
[3] Groessl, M., Hartinger, C. G., Polec-Pawlak, K., Jarosz, M., Keppler, B. K., Electrophoresis 2008,
29, 2224-2232.
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The total synthesis of sciodole, a biomimetic approach

Josh Homer
Jonathan Sperry, Supervisor
Sciodole (1), isolated from the pungent fruit bodies of the mushroom species Tricholoma sciodes, is a
bisindole derivative that presents a unique synthetic challenge; an N1-C7 bond not often seen in natural
products.1 Although indole alkaloids are commonly derived from tryptophan in vivo, the proposed
structure suggests a partially reduced dimeric species of 5-methoxy-2,4-dimethylindole (2), a
compound ultimately derived from lascivol (3).2
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Figure 1. Proposed biosynthesis of sciodole.

The two fragments comprising sciodole will be synthesized separately. The aromatized fragment (2)
will be constructed using a literature Nentitzescu indolisation3 followed by selective C4functionalization. The partially reduced fragment (4) will be prepared from a pyrrole core via an
oxidative intramolecular Heck coupling and stereoselective oxidation. The final step will involve a
novel nucleophilic coupling of the two fragments, affording the natural product while retaining the
desired stereochemistry.

1.
2.
3.

Sterner, O. Nat. Prod. Lett. 1994, 4(1), 9-14.
Eizenhofer, T.; Fugmann, B.; Sheldrickb, W. S.; Steffan, B.; Steglich, W. Liebigs Ann. Chem. 1990, 1115-1118.
Huang, Y.; Zhang, W.; Zhang, X.; Wang, J. Res. Chem. Intermed. 2010, 36, 975-983.
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Synthesis of the Tetracyclic Core of Integrastatins, Inhibitors of HIV-1 Integrase
Joo Young Jeong
Margaret A. Brimble and Jonathan Sperry
Integrastatin A (1) and B (2) were both isolated as racemic compounds from an unnamed fungal source
(ATCC74478) and an endophytic Ascochtya species (ATCC74477).1 These natural products have
shown to exhibit potent inhibition of the strand-transfer reaction of recombinant HIV-1 integrase (IC50
= 1.1μM and 2.5 μM, respectively)1 and thus are promising targets for the development of a novel antiHIV therapy. The integrastatins are characterised by the unique [6.6.6.6]-tetracyclic skeleton,
possessing a central [3.3.1]-dioxabicyclic core.2-5 Despite the distinguished molecular framework as
well as the medicinal interest in these natural products, methods to effect a flexible and practical
synthesis of the integrastatins have been underexplored.

Our current work aims to develop an efficient synthetic strategy for the tetracyclic core 3, with the
expectation that a successful synthesis would provide a valuable platform for the total synthesis of these
natural products. The focus of this research is to construct the tetracyclic core 3 from its precursor 4,
which in turn would be derived from the addition of methyl group onto the lactone 5, followed by an
acid-catalysed intramolecular cyclisation. Addition of the anion of 1,3-dithiane 6 onto the acetophenone
7 would trigger concomitant intramolecular lactonisation to afford 5.

1.
2.
3.
4.
5.

Singh, S. B.; Zink, D. L.; Quamina, D. S.; Pelaez, F.; Teran, A.; Felock, P.; Hazuda, D. J. Tetrahedron Lett 2002, 43, 23512354.
Foot, J. S.; Giblin, G. M.; Taylor, R. J. Org Lett 2003, 5, 4441-4.
Ramana, C. V.; Nageswara Reddy, C.; Gonnade, R. G. Chem Commun (Camb) 2008, 27, 3151-3.
Tadross, P. M.; Bugga, P.; Stoltz, B. M. Org Biomol Chem 2011, 9, 5354-7.
More, A. A.; Ramana, C. V. Org Lett 2016, 3, 612-615.
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Isolation and identification of vitamin D3 oxidation products in simulated whole milk
powder by liquid chromatography mass spectrometry
Fatemeh Mahmoodani
Conrad Perera1, Bruno Fedrizzi1, Grant Abernethy2, Hong Chen2
1

School of Chemical Sciences, 2Fonterra Cooperative Group Ltd.

In a successful fortification program, the stability of micronutrients added to the food is one of the most
important factors.1 The added vitamin D3 is known to sometimes decline during storage of fortified
milk powders, and oxidation through fatty acid lipoxidatoin is suspected as the likely cause.2.
Identification of vitamin D3 oxidation products (VDOPs) in natural foods is a challenge due to the low
amount of their contents. Thus, the main objective of this study is to find a method to extract and to
identify VDOPs in whole milk powder. The multi stage mass spectrometry (MS n) spectra can help to
propose plausible schemes for unknown compounds and their fragmentations.3 With the growth of
combinatorial libraries, mass spectrometry (MS) has become an important analytical technique because
of its speed of analysis, sensitivity and accuracy.4 This study has focused to identify the fragmentation
rules for some VDOPs by incorporating MS data with in silico calculated MS fragmentation pathways
(Mass Frontier). Diels-Alder derivatization was used to enhance the sensitivity and selectivity for mass
spectrometry data collection. Finally, the confirmed PTAD derivatised target compounds were
separated and analyzed using ESI(+)-UHPLC-MS/MS in multiple reaction monitoring (MRM) mode
in model samples.
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Figure 1. MRM chromatograms and structures of a) VD3-PTAD at 560298 (black) and pre-VD3-PTAD at
560383 (red), and b) VDOPs-PTAD at 576298 (green) and VDOPs-PTAD at 576314 (blue).
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3.
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Choe, E.; Min, D. B. Journal of Food Science 2005, 70(9), 142-159.
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2001, 12, 707-715.
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Development of Anti-Cancer Organometallic Complexes with Bidentate N-Heterocyclic
Carbenes Ligands
Sanam Movassaghi,a Sukhjit Singh,a Aewan Mansur, a Muhammad Hanif,a Stephen M.F.
Jamieson,b Tilo Söhnel,a Christian G. Hartingera
a

b
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Auckland Cancer Society Research Centre, University of Auckland, Private Bag 92019, Auckland 1142, New
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Metallopharmaceuticals have flourished since the discovery of the antineoplastic properties of
cisplatin.1,2 Despite their major impact as chemotherapeutic agents, their severe side effects as well as
intrinsic or acquired resistance required resistance call for the development of novel platinum and nonplatinum compounds.3,4
In the last decade, a vast number of organoruthenium compounds were synthesised and tested for their
tumour-inhibiting properties. Specifically half-sandwich “piano-stool” Ru(II)-arene complexes were
developed to have unique features such as the ability to form specific interaction with biomolecules and
revealed promising anticancer activity. The “aromatic seat” plays a key role in stabilizing the ruthenium
centre in its oxidation state +II and also provides a hydrophobic character which facilitates the passive
transport through the cell membrane. The remaining ligands, with a broad variety of pharmacological
properties, can be considered as the legs of the chair and can be mono- or polydentate with mostly
halide(s) incorporated as leaving group(s) (Figure 1).5,6
N-Hetrocyclic carbenes (NHCs) have strong σ-donor properties and are able to form stable complexes
with transition metals which make them good option to develop new potent anticancer drugs.7 We
prepared a series of novel Ru(II)-NHC complexes and their antiproliferative properties were assayed
against different human cancer cell lines.

Figure 1. General structure of Ru(II)-Bidentate NHC complexes and the molecular structure of
selected examples
References:
1. Van Rijt, S. H.; Sadler, P. J., Drug Discov. T. 2009, 14, 1089-1097.
2. Jakupec, M. A.; Galanski, M. ; Arion, V. B.; Hartinger, G. g.; Keppler, B. K., Dalton Trans. 2008, 183-194.
3. Bergamo A.; Sava G., Dalton. Trans.2007, 13, 1267–1272.
4. Fricker SP., Dalton. Trans. 2007, 43, 4903–4917.
5. Gasser, G.; Ott, I.; Metzler-Nolte, N., J. Med. Chem. 2010, 54, 3-25.
6. Nazarov, A. A.; Hartinger, C. G.; Dyson, P. J., J. Organomet. Chem. 2014, 751, 251-260
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Synthesis of Boron Porphyrinoids
Aaron Tay
Penelope J. Brothers, David C. Ware
In the past two decades, the Brothers’ research group has synthesised boron porphyrins and corroles
by inserting boron into their N4 cores using boron halides yielding rich chemistry for both the boron
and the ligands.1,2 As an extension of this work, new classes of porphyrinoids have been investigated
for boron coordination: calixphyrins and porphyrazines.3,4
A series of mono and diboron calixphyrins (Calix) have been synthesised using BF3, BCl3 and PhBCl2
as the boron sources. Due to the presence of both dipyrrin and dipyrromethane bonding sites,
structural isomers have been isolated. The reaction with PhBCl2 in the presence of N(iPr)2Et results in
the unexpected reduction of the calixphyrin ligand. The insertion of boron into porphyrazines (Pz) has
been achieved using BCl3 and PhBCl2. The reaction with BCl3 forms an air- and moisture-sensitive
intermediate which can be converted into the stable B2OF2(Pz) using BF3 as the fluorine source. The
reaction with PhBCl2 forms two diboron products, PhBOBPh(Pz) and PhBOBOH(Pz).
The structural similarities of boron porphyrinoids with BODIPYs as well as the tripyrrolic
subporphyrinoids lead to the possibility that these new classes of compounds could have a potentially
wide range of applications.

Figure 1: Crystal structure of B2OF2(Calix)

1.
2.
3.
4.

Figure 2: Crystal structure of B2OF2(Pz)
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In-depth electrochemical investigation into reproducibility of mixed self-assembled
monolayers formed from different deposition methodologies
Cherie Tollemache
Penelope J. Brothers, David C. Ware, Ashton Partridge+ ǂ, Ali Hosseini+

ǂUniversity of Auckland Department of Engineering, + Manufacturing Systems Ltd, Auckland, NZ

The controlled and reproducible production of functionalised surfaces is vitally important for the
development of reliable transducers for biosensors. Surface modification of gold electrodes is often
performed using self-assembled monolayers (SAMs) of alkanethiols with reactive end groups (e.g.
amines, carboxylic acids and azides). The physical properties of these SAMs can be tuned by
incorporation of a diluent adsorbate that is hydrophobic or hydrophilic in nature.1
In this work aminoferrocene and ethynylferrocene have been used as electroactive probes to investigate
the use of carbodiimide coupling2 and azide-alkyne Huisgen cycloaddition reactions to functionalise
self-assembled monolayers on gold surfaces. Two SAM deposition methodologies were investigated:
chemisorption from dilute solutions of thiol terminated adsorbate species in ethanol and in situ base
catalysed deprotection and self-assembly of mixed monolayers from thioacetyl-terminated adsorbate
species.3
Mixed monolayers formed from both methodologies with either carboxylic acid or azide functionality
and with either hydrophobic or hydrophilic diluent species were electrochemically probed to
characterise the reproducibility of the modified surfaces. The two attachment chemistries where also
probed for efficiency and reproducibility of both ferrocene and ssDNA oligomer capture agent
attachment to the surface.
(B)

(A)

Figure 1. (A) A schematic example of one of the conditions tested in this work. (B) A typical cyclic
voltammogram of ferrocene attached to the electrode surface by azide-alkyne Huisgen cycloadditon

1.
Ronkainen, N. J.; Halsall, H. B.; Heineman, W. R., Electrochemical biosensors. Chem. Soc. Rev.
2010, 39, 1747-1763.
2.
Booth, M. A.; kannappan, K.; Hosseini, A.; Partridge, A., In-Depth Electrochemical Investigation
of Surface Attachment Chemistry via Carbodiimide Coupling. Langmuir 2015, 31, 8083-8041.
3.
(a) Tour, J. M.; Jones, L., II; Pearson, D. L.; Lamba, J. J. S.; Burgin, T. P.; Whitesides, G. M.; Allara,
D. L.; Parikh, A. N.; Atre, S., Self-Assembled Monolayers and Multilayers of Conjugated Thiols, α,ωDithiols, and Thioacetyl-Containing Adsorbates. Understanding Attachments between Potential
Molecular Wires and Gold Surfaces. J. Am. Chem. Soc. 1995, 117, 9529-34; (b) Inman, C. E.; Reed, S.
M.; Hutchison, J. E., In Situ Deprotection and Assembly of S-Tritylalkanethiols on Gold Yields
Monolayers Comparable to Those Prepared Directly from Alkanethiols. Langmuir 2004, 20, 91449150.
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Synthetic studies towards the indole alkaloids kottamides A-E
Reuben White
A/Prof. Brent Copp and A/Prof. David Barker
Novel chemical structures offer interesting and challenging synthetic targets with those that are
bioactive having the additional advantage of providing an ideal platform for the development of new
drug leads. The research presented herein concentrates on the total synthesis of the kottamides A-E 15 (Figure 1) which are novel metabolites isolated from the marine ascidian Pycnoclavella kottae in
New Zealand. Such compounds show appreciable bioactivity particularly against leukaemia cell lines,
displaying inhibitory concentrations as low as 14 μM.1,2 A key step in the synthesis is identified as a
ruthenium catalysed hydroamidation which is utilised to selectively install a cis-enamide bridge3
linking the highly substituted imidazolone rings for kottamides A-D 1-4 and the uncommon 1,2dithiolane ring for kottamide E 5 to respective bromine substituted indole fragments. Additionally a
series of analogues will be completed by allowing substitution of a range of different amide coupling
partners such as those derived from amino acids Ala, Phe and Met to name a few. The substitution
pattern of bromine on the aromatic ring will also be a point of investigation.
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Figure 1. cis-Enamide containing indole alkaloids kottamides A-E 1-5 and the synthesis of kottamide
E 5 and related analogues.
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Synthesis of 2-formylpyrroles using a Maillard approach: Elucidation of the bioactive
pharmacophore in traditional Chinese medicines
James M. Wood
Margaret A. Brimble, Daniel P. Furkert
2-Formyl pyrrole compounds have been isolated from a variety of plants with traditional medicinal
uses. Among these compounds are the acortatarin family of natural products, which inhibit the
production of reactive oxygen species.1 This bioactivity has application in the treatment of diabetic
nephropathy; the most common cause of chronic kidney failure.2 This project aims to explore the
activity of the 2-formyl pyrrole pharmacophore via library synthesis and SAR studies.

Figure 1: Maillard-type reaction to access 2-formyl pyrrole natural products.

Our group has developed a Maillard-type reaction to synthesise 2-formyl pyrrole natural products and
their analogues.3–5 This Maillard reaction allows for the divergent synthesis of 2-formyl pyrrole
compounds from a single dihydropyranone intermediate 1. Complexity is derived from the amine
coupling partners, which have been prepared from amino acids and other chiral pool compounds. Herein
we present details of the total synthesis and compound library work for SAR bioactivity assays.

1.
2.
3.
4.
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1431–1437.
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Laser based origami with protein films
Heiana Agnieray1,4
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2 The University of Auckland, Photon Factory, 23 Symonds Street, Bldg 301, Auckland 1010, New Zealand
3 The University of Auckland, Department of Physics, 23 Symonds Street, Bldg 301, Auckland 1010, New
Zealand
4 School of Chemical Sciences, University of Auckland, Auckland, New Zealand
5 Riddet Institute, Massey University, Palmerston North, New Zealand
6 Biomolecular Interaction Centre, University of Canterbury, Christchurch, New Zealand
7 Protein Science & Engineering Team, Callaghan Innovation, Christchurch and Lower Hutt, New Zealand
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The traditional Japanese art of paper folding, origami, has inspired the design of innovative
engineered devices and structures for decades. Examples of some of their applications include
flat-folding rigid shopping bags, foldable shipping container, solid solar panel, 3D biomedical
structures and robotics (1,2). More recently, the interest has turned towards the use of active
materials that are capable of acting the desired folding behaviour in response to external stimuli
(3,4).
This project involves a preliminary investigation into the properties of protein single-layer
(gelatin and silk fibroin) films and how they may be manipulated in order to change their shape,
or fold. This exciting new concept is incorporated into a patent (5). Based on a new class of
tessellating origami folds, the films are fabricated via casting methods and precision engraved
with ultra-fast lasers (nanosecond and femtosecond lasers) and then primed to assemble when
triggered. Various trigger properties (solvent type, pH and temperature) are investigated to
identify the optimum conditions for self-assembly. Our results show that silk fibroin films
exhibit optimum folding upon the addition of ethanol due to molecular structure changes within
the silk.

Figure 1. Folded silk fibroin film patterned with a femtosecond laser and triggered by ethanol.

1.
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Transition Metal Oxide Photonics – Self Organization and Atomic Defects
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Transition metal oxides such as titanium dioxide (TiO2) have been the focus of sustained investigation in
applications such as photocatalysis and photonic material fabrication [1,2]. This study aims to elucidate some of
the properties of these transition metal oxide systems, using electrochemically grown TiO2 nanotubes, in
enhanced Raman scattering and photocatalysis.
Healthcare, security, and chemical manufacturing are just some of the fields that have benefited from the
development of Surface Enhanced Raman Spectroscopy (SERS). Recently, a technique known as Photo-Induced
Enhanced Raman Spectroscopy (PIERS) [1] is poised to increase the sensitivity of SERS even further. However,
despite its many advantages, PIERS still suffers from problems such as reproducibility and scalability. We use
thermal de-wetting of silver nanoparticles on hexagonal titanium dioxide nanotubes to produce self-organized
and reproducible nanoparticle distributions. We also perform an in-depth study of the electron transfer
mechanisms giving rise to the PIERS effect, in order to understand the source of the enhanced Raman signal.
The other focus of this study is in TiO2 ‘s ability to degrade environmental pollutants and perform water
splitting [1]. Due to TiO2 ‘s nature as a wide-bandgap semiconductor, photocatalysis only occurs with reasonable
efficiency under ultraviolet irradiation. By patterning the surface of titanium with Laser Induced Periodic Surface
Structures (LIPSS) prior to nanotube growth, we create a structure (LIPSSticks) that can trap visible light [3]. This
is a double-self-organized growth process, as both the nanotubes and LIPSS grow in a self-organized manner to
create the LIPSSticks. The enhanced visible light absorption is predicted via computational modelling and the
morphological evolution of the anodization process was investigated. This study provides the basis for further
work into LIPSS templating of other anodized transition metal oxide materials.

Figure 1 (a) SEM mages of TiO2 nanotubes with thermally-dewetted silver nanoparticles, (b) (Inset) Cartoon of PIERS
spectroscopy of Rhodamine-B, PIERS spectrum of Rhodamine-B (red line), Non-enhanced spectrum (black) at 488 nm.
[1]

Fujishima, A., Rao, T. N., & Tryk, D. A. (2000). Titanium dioxide photocatalysis. Journal of Photochemistry and Photobiology C:
Photochemistry Reviews, 1(1), 1-21.
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Ni/TiO2 - Low Cost Photocatalysts for Solar H2 Production
Wan-Ting Chen
Geoffrey I.N. Waterhouse
This work targets the development of efficient metal co-catalyst modified titania photocatalysts for
alcohol photoreforming to H2 that function under direct sunlight.1 Conventionally, noble metals such
as platinum (Pt), palladium (Pd) or gold (Au) have been used co-catalysts to activate TiO2 for
hydrogen production, though the use of such co-catalysts for industrial scale H2 manufacture is not
feasible due to their high cost and low natural abundance, motivating the search for low cost
alternatives.2
This study compares the performance of three different Ni/TiO2 photocatalysts for H2 production in
alcohol-water mixtures, placing particular emphasis on the role of the TiO2 support and alcohol
sacrificial reagent. P25 TiO2 (85 wt.% anatase, 15 wt.% rutile), isolate anatase from P25 TiO2, isolate
rutile from P25 TiO2, commercial brookite and physical mixed P25 TiO2 were used as the support
phase. The Ni/P25 TiO2 photocatalysts were very active for H2 production in 10 vol.% alcohol-water
mixtures under UV excitation, with the optimal Ni loading being ~0.5 wt.% (highest H2 production
rate = 26.0 mmol g-1 h-1 in 10 vol.% glycerol). Ni/anatase and Ni/physical mixed P25 photocatalysts
showed a diminution in the photocatalytic H2 production performance, which confirmed the
importance of interfacial electron transfer at the rutile:anatase interface.
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Figure 1. Plots of H2 production for 0.5 wt.% Ni/TiO2 photocatalyst prepared using different TiO2
supports (A = anatase, R = rutile, P25 = 6:1 anatase:rutile).
1.
2.

Dincer, I. International Journal of Hydrogen Energy 2012, 37, 1954-1971.
Al-Azri, Z. H.; Chen, W. T.; Chan, A.; Jovic, V.; Ina, T.; Idriss, H.; Waterhouse, G. I. Journal of Catalysis 2015, 329,
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Improvement for Photoactivatable HNO Donors: Effects of a
Simple Modification to the (Hydroxy-naphthalenyl)methyl
Phototrigger
Ruth B. Cink,1,2 Yang Zhou,3 M. Cather Simpson 2,4 Alexander J. Seed,3 Paul
Sampson,3 Nicola E. Brasch1
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HNO is a biologically relevant, highly reactive molecule that requires precursors to generate it
in situ. The use of phototriggers to release HNO is attractive for kinetic and mechanistic studies
of HNO’s bioreactivity due to the rapid rate of HNO release upon light activation. We recently
developed a novel class of photoactivatable HNO donors incorporating the (3-hydroxy-2naphthalenyl)methyl (3,2-HNM) phototrigger together with the HNO-releasing Nhydroxysulfonamide moiety. A simple modification of the photocage to the 6,2-HNM analogue
drastically improved the selectivity for the desired HNO-generating pathway. The
photochemistry of 6,2-HNM photoprotected donor and model compounds has now been
investigated using transient absorption spectroscopy, fluorescence spectroscopy, NMR and
LC-MS photoproduct characterization, and UV/Vis absorption spectroscopy. Multiple
photodecomposition pathways are accessible with the selectivity between the two major
pathways being highly controllable by the pH of the aqueous component of the solution.
Preliminary evidence suggests that the HNO donor has both a photoacidic and a photobasic
site. The combination of these two sites may allow for the formation of a tautomer and
consequently a decomposition pathway not otherwise accessible in the ground state under
neutral pH conditions.
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Towards Elucidating the Mechanism of the Copper-Catalysed Oxidative CrossCoupling of P-H and N-H: Reaction Component Considerations and Mechanistic
Evidence
J. Feld, Y. Ben-Tal
E. M. Leitao

Catalysis is central for the practical usage of chemical synthesis. In our modern awareness of energy
consumption and waste disposal, the chemical industry relies heavily on catalytic reactions that
feature low energy cost, high efficiency and high selectivity. In main group chemistry, catalytic
formation of E-E’ main group bonds from E-H with the elimination of hydrogen gas is called
dehydrogenative coupling. In particular, copper salts have been reported to catalyse the formation of
nitrogen-phosphorus bonds via a dehydrogenative coupling in the presence of air. Nitrogenphosphorus bonds are usually synthesised in the lab from condensation reactions analogous to C-N
bond formation. The absence of halogenated species and harsh reagents makes this reaction a
potential candidate for large quantity production.
Copper salts are cheap and commercially available, but this reaction is slow compared to industrial
standards, and homocoupling of the amine and phosphite makes selectivity an issue. In order to
improve efficiency and yield we need to understand the intricacies in the mechanism. Our project
consists of using documented techniques such as control reactions, kinetic monitoring, model
reactions, and labelling studies to work towards postulating intermediates and transition states.
Furthermore, we are comparing different starting materials and experimental conditions, in addition to
focusing on the addition of base/ligands to investigate the electronics of the active copper catalyst.

Oxidation state of
active catalyst?

Selectivity?

What is the role of
O2?

CuXn, Solvent, O2

Solvent effects?
Which reagent reacts
first?

n = 1, 2

Figure 1. Copper Catalyzed Oxidative Cross Coupling of N-H and P-H
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Clark, T. J.; Lee, K.; Manners, I. Chemistry – A European Journal 2006, 12, 8634‐8648.
a) Fraser, J.; Wilson, L. J.; Blundell, R. K.; Hayes, C. J. Chemical Communications 2013, 49, 8919‐8921. b) Wang, G.;
Yu, Q.‐Y.; Chen, S.‐Y.; Yu, X.‐Q. Tetrahedron Letters 2013, 54, 6230‐6232.
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High Melt Strength, Tear Resistant Blown Film Based on Poly-lactic acid.
Vitalii Furt
Neil Edmonds, Dr. Jianyong Jin, Dr. Peter Plimmer

Current polymers used for blown film production are not biodegradable and non-compostable, which is
undesirable from an environmental point of view. In light of depleting landfill space and stricter
environmental laws, there is a need for biodegradable films.
Poly-lactic acid is considered as one of the most promising ecological, bio-sourced and biodegradable
plastic materials. It’s a highly versatile biodegradable polymer that can be modified for blown film
manufacture and potentially replace traditional petroleum derived polymers.
Through reactive compounding with a number of materials, Poly-lactic acid is given the required
mechanical properties. In reactive compounding, a chemical reaction proceeds under elevated temperature
and high shear to covalently bond the components and results in a lightly cross-linked structure. The
resulting polymer is tough, melt-stable, with improved mechanical properties; biodegradable, non-toxic,
relatively nonvolatile, FDA approved, cost-effective and is easily processable on existing equipment for
blown film manufacture.
A number of various additives can also be incorporated into the resin composition. These include fillers,
antioxidants, light stabilizers, UV absorbing additives, lubricants, mold release agents, antistatic agents,
pigments, flame retardants etc.

Figure 1. Proposed reaction between Poly-lactic acid and some of the components of the mixture.1
1.

Zou, B.; Dong, W.; Yan, Y.; Ma, P.; Chen, M. Effect of Chain-Extenders on the Properties and Hydrolytic
Degradation Behavior of the Poly(lactide)/ Poly(butylene adipate-co-terephthalate) Blends. International
Journal of Molecular Sciences 2013, 14, 20189-20203.

122

Poster 74
NMR Toolkit for Fragment-based Inhibitor Screening
Renjie Huang, Ivanhoe Leung, Arnaud Bonnichon,
In a fragment screen, small ‘fragment-like’ molecules are used probes to investigate potential
protein-ligand interactions [1]. These fragments, by nature, tend to bind weakly to the protein, and
further development is required to order to develop them into higher affinity lead compounds.
Conventional biophysical tools are suitable to detect strong binders, such as those with a
dissociation constant (KD) in the pM to low μM region. Fragments, however, tend to bind with a KD
range of high µM to mM.
Nuclear magnetic resonance (NMR) has emerged a powerful tool for fragment screen. Proteinobserve techniques such as the 1H-15N heteronuclear single quantum correlation (HSQC) experiment
using isotopic labelled proteins is one of the most robust methods to characterise protein-ligand
interactions[2]. However, it is not suitable for all protein systems due to cost[3]. Ligand-observe
techniques including the water-ligand observed via gradient spectroscopy (waterLOGSY) and
transverse relaxation (T2)-edited method using the Carr-Purcell Meiboom-Gill (CPMG) sequence, on
the other hand, may cover a smaller KD range but they are capable of being used as a high
throughput of screening method to screen mixtures of compounds[1]. Herein, we describe the use
of these different NMR technique to aid fragment-based drug discovery.
( )

(b)

( )

(d)

Figure 1 a). WaterLOGSY spectra of 3 fragments and a protein target. b). CPMG-edited 1H NMR
showing the aromatic signals of a ligand decreases in the presence of a protein c). 1H-15N
heteronuclear single quantum coherence (HSQC) spectra of 15N-labelled HSP90-ND (blue) and 15Nlabelled HSP90-ND in the presence of compound 7[3]. d). The mapping of conformation changes due
to the ligand derived from HSQC spectrum.

Reference:
1.
2.
3.

Huang, R., et al., Protein-ligand binding affinity determination by the waterLOGSY method:
An optimised approach considering ligand rebinding. 2017. 7: p. 43727.
Fielding, L., NMR methods for the determination of protein–ligand dissociation constants.
Progress in Nuclear Magnetic Resonance Spectroscopy, 2007. 51(4): p. 219-242.
Huang, R., et al., Virtual screening and biophysical studies lead to HSP90 inhibitors.
Bioorganic & Medicinal Chemistry Letters, 2017. 27(2): p. 277-281.
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PI3King Apart a Protein Protein Interaction: A Peptide Approach
Danielle Paterson
Paul Harris, Dan Furkert, Peter Shepherdᵃ, Jack Flanaganᵃ and Margaret Brimble
ᵃAuckland Cancer Society Research Centre, University of Auckland, Auckland, NZ

Phosphatidylinositol-4,5-bisphosphate 3-kinases (PI3Ks) are a main regulator of cell growth,
metabolism and survival, and hyperactivation of these pathways plays a role in many cancers.
The PI3K enzymes function at the plasma membrane transducing cell surface receptor
activation into internal cell signalling pathways. The PI3Kγ isoform is stimulated on binding
to G-protein βγ subunits released upon G-protein coupled receptor (GPCR) activation.1
This project aims to target the protein-protein interaction between PI3Kγ and Gβγ as an
opportunity for isoform selective PI3K inhibition. Previous work looking at the binding
interaction between PI3Kγ and Gβγ has identified a crucial binding motif on one face of PI3Kγ.2
Synthesis of a library of 10-24 residue peptides derived from PI3Kγ has been completed. A
range of stapled peptides has also been explored to improve the peptide binding and stability.
The inhibitory activity of these peptides has been evaluated in the lipid kinase biochemical
assay. Circular dichroism and molecular modelling have been used to aid prediction of the
binding mode. These results, together with the information from a 15 residue peptide bound to
Gβγ (Figure 1) will aid the design of an inhibitor.3 These tools will be used to investigate
Gβγ-PI3K pathway activation in cancer cells.

Figure 1. Crystal structure of 15 residue peptide inhibitor (purple) bound to Gβγ (green/blue)
(PDB code: 1XHM).3
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Conjugation of ruthenium complexes to magnetite nanoparticles for drug delivery
Saawan Kumar
Muhammad Hanif, Christian G. Hartinger
School of Chemical Sciences, University of Auckland, Private Bag 92019, Auckland, New Zealand

Since cisplatin’s approval in 1978, its anticancer capabilities have opened up the field to other metals
such as ruthenium-based complexes as anticancer drugs. Although cisplatin is very effective, it causes
a number of side effects due to its non-selective binding nature and also affects normal (non-cancerous)
cells.1 Thus, the search to find new anticancer delivery mechanisms is equally as important as finding
new anticancer drugs.
The enhanced permeability and retention effect can be exploited to improve the accumulation of
anticancer agents in tumours by loading nanoparticles with anticancer compounds. 2 In this project,
ruthenium compounds were developed that contain ligands with different motifs that are able to bind to
magnetite nanoparticles (Fe3O4) as a potential anticancer drug delivery system (Figure 1). The
functionalised nanoparticles were characterised by techniques such as inductively coupled plasma mass
spectrometry, transmission electron microscopy and infrared spectroscopy to determine the binding
efficacy to the nanoparticles and to determine their morphology.

Figure 1. Magnetite nanoparticles surface functionalisation with Ruthenium complexes
1.
2.

L. Kelland, Nat Rev Cancer, 2007, 7, 573-584.
K. Cho, X. Wang, S. Nie, Z. G. Chen and D. M. Shin, Clinical cancer research : an official journal of the American
Association for Cancer Research, 2008, 14, 1310-1316.
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Use of Inorganic Polymers as a Delivery Vehicle for Bioinorganic Anti-Cancer Drugs
S. S. Shaheem
K. C. Alton, G. Jaouen1, C. H. Hartinger, E. M. Leitao.
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Despite having good cytotoxicity in cancer cells, many new anti-cancer agents are abandoned during
development stages because of poor solubility. In recent years, researchers have developed a drug
delivery system in which the anti-cancer agents are attached to a support, such as a polymer, which
helps to deliver the drug to the tumour site and accumulate in the tissue. This effect is known as
enhanced permeability and retention (EPR).1
The aim of the project is to attach ferrocifen complexes to an inorganic polymer, poly(phosphazene).
Ferrocifen complexes are reported to have excellent cytotoxicity in various cancer cell lines.2 But, due
to poor water solubility, they have failed to qualify for clinical trials. Poly(phosphazene) has been
successfully employed as the delivery vehicle for other drugs due to its synthetic versatility as well as
its decomposition into non-toxic by-products.3 Linkers with different lengths and functional groups
will be investigated to study the steric effect between the drug and the polymer as well as the stability
of the drug delivery system in more acidic and hypoxemic conditions. Different side groups on
poly(phosphazene) will also be investigated to optimise the water solubility of the system.

Figure 1. The overview of the drug delivery system
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