UNDERGRADUATE SEFS SUMMER RESEARCH BURSARIES 2016

GROUP 1 - ENGINEERING & COMPUTER SCIENCE

Project 1 — Design & Testing of Compliant Mechanism Biomedical Valves

Enteral feed pumps are used to dose patients with a precise amount of liquids. Such systems
consist of media holding containers, silicone tubes, peristaltic pumps and valves. The valve is
critical to system performance as it must control the liquid flowrate to a very precise setting
and ensure the flowrate remains constant with time even if external factors such as
temperature, humidity or internal parameters such as tube wall thickness vary. These
functional requirements suggest compliant mechanisms may be very suitable for valve
construction giving high integrity, reliable performance with low cost. Specifically a
compliant mechanism can provide a force-deflection characteristic that exactly matches
required valve flowrate versus pressure drop characteristics to guarantee safe system

performance.

This project will involve:

e Experimental measurement of flow through a silicone tube as the tube is squeezed
or pinched and the cross sectional area and shape change.

e Experimental measurement and computer modelling of relationship between both
tube cross sectional area and shape and the applied pinching force.

e Experimental measurement of force versus deflection characteristics of silicone
tubing.

e Analysing results from the above tests to determine the required valve characteristic
to provide a constant flowrate independent of unwanted variability in external or
internal factors.

e Computer design of a compliant mechanism device to match this valve
characteristic.

e Mathematical analysis and computer simulation of system performance.

This project can be tailored to students of different backgrounds and will be suitable for

undergraduates in the disciplines of Engineering, Mathematical Sciences and Physics.

Contact Details:

Dr Kevin Cronin

School of Engineering (Process Engineering)
Room 333, Food Science Building

Tel: 021-4902644

Email: k.cronin@ucc.ie



Project 2 — How to safely grip brittle/delicate objects?

There is always a need for purely mechanical devices that are simply actuated without a
sophisticated feedback control such as by the human hand only. Mechanical devices have
many advantages over electromechanical and purely electrical devices which include
simplicity of use and design, no complicated control, high reliability and ease of
manufacture. There are applications, however, which pose problems when the compressive
force to break or damage a brittle/delicate object is too small for the human hand to detect
through a simple mechanical gripper (tweezers or thongs). For this application, there is no
force feedback to the central nervous system from the fingers. Due to this lack of sensory
feedback, it is left to positioning with the human eye to grasp the object. It is known that
there is a significant drop in human performance when the target size for the manipulation
decreases below a measureable threshold. When a brittle object is grasped, the target size
(the displacement from when there is just enough force to pick up the object to the
breaking force position) is likely to be in micrometers, an impossible size for human
positioning. Having a purely-mechanical device that can apply a constant force is therefore
necessary to eliminate the limitations of the human user.

This proposal expects students to carry out the following tasks:

o Design a compact constant-force gripper using compliant mechanism theory;

J Analyse the effect of beam thickness variation (overall and along the beam) on the
force-displacement characteristics;

) Optimize the design and prototype the device;

) Test and characterize the measuring results.

This project will be suitable for undergraduates in the disciplines of Engineering,
Mathematical Sciences and Physics.

Contact Details:

Dr Guangbo Hao

Room 1.06, Department of Electrical & Electronic Engineering
Tel: 353 21 4903793

Email: g.hao@ucc.ie

Project 3 — Customization of a 3-d printer to print foodstuff

Additive manufacturing, or 3-d printing as it is more commonly known, is being explored
across a variety of industries for rapid prototyping of new products. The open-source
community has also been excited by developments and availability of 3-d printers at costs
affordable to the masses, resulting in easy availability of open-source hardware and
software solutions that lend themselves to modifications and customization. The food
industry is also interested in the possibilities surrounding 3-d printing for the extrusion of
paste-like substances that can be customized in shape and/or content. Commercial entities



have developed 3-d printers capable of printing sugars, chocolate, dough and here at UCC
we have developed the capability to print cheese.

The purpose of this project is to develop modifications to our existing printer set-up with
the view to extending its range of capabilities. These modifications will include improving on
the existing extruder designs, developing a cooled/heated print bed and adding additional
sensors to monitor and automate the print cycle.

This project should interest any student with an interest in computer programming,
microcontrollers, 3d printing, and electronic design.

Contact Details:

Dr Alan P. Morrison

Room 1.23, Electrical Engineering Building
Tel: +353-21-4902874

Email: a.morrison@ucc.ie

This project will be co-supervised by Prof. Alan Kelly, School of Food and Nutritional
Sciences.

Tel: +353-21-4903405
Email: a.kelly@ucc.ie

Project 4 — New Micromachined Ultrasonic Sensor Arrays

Ultrasonic sensors are part of a key platform technology that underpins many modern
diagnostic measurements in a wide variety of applications. Pre-natal screening for foetal
abnormalities, imaging of internal organs and high-intensity ablative therapy are common
medical uses of ultrasound; in industry, ultrasound is used for materials testing and flaw
detection, flow metering of liquids and gases, proximity and level sensing, range finding in
robotics and a number of ultrasonic machining and welding processes. Miniaturization of
these sensors is opening up more and more potential uses, and micromachining processes
used for manufacturing integrated circuits are now being used for the next generation of
tiny ultrasonic sensors and MEMS (micro electro-mechanical systems). Of particular interest
are sensors arrays, which can transmit directional beams of ultrasound or be used to localise
the source of ultrasound in the environment.

This project is part of an ongoing collaboration between the Ultrasonics Research Group in
UCC and the Microsystems Group in the Tyndall National Institute, in which a new design of
micromachined ultrasonic sensor has been developed. The device is a capacitive
micromachined ultrasonic transducer (CMUT) array that uses a micromachined structure of
cell cavities combined with a thin metallised polymer membrane to generate and detect
ultrasound. This range of devices must be characterised and tested experimentally so that
improvements to the next generation of sensors can be recommended. The ultrasonic


mailto:a.morrison@ucc.ie
mailto:a.kelly@ucc.ie

behaviour of the devices in air will be tested using standard laboratory equipment, and the
device responses will be recorded, modelled and analysed. A simple multiplexer unit will be
also used to investigate beam steering and range finding applications. This project requires a
student with an interest in instrumentation and measurement, MATLAB programming,
signal processing, and practical electronics.

Contact Details:

Dr Bill Wright

Room 2.14, Electrical Engineering Building
Tel: +353 21 490 2213

Email: bill.wright@ucc.ie

web: http://ultrasonics.ucc.ie/
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GROUP 2 — FOOD SCIENCE & NUTRITIONAL SCIENCES; LIFE
SCIENCES; BIOLOGICAL EARTH & ENVIRONMENTAL SCIENCES

Project A — Virulence factors and pathogenicity in Photorhabdus

Project description:

Photorhabdus are a group of bacteria that are found living as symbionts in the guts of soil-
dwelling nematodes of the family Heterorhabditiae. The nematode-bacteria complex infects
a wide range of insect larvae where the nematodes release the bacteria into the insect’s
blood system. The bacteria rapidly kill the insect and, in doing so, the bacteria convert the
insect cadaver into a food-source for the nematodes. After several rounds of reproduction,
the nematodes re-associate with the Photorhabdus bacteria and leave the insect cadaver in
search of a new target. The remarkable symbiosis between the bacteria and the nematode
has been exploited by industry for the production of anti-insect biocontrol agents that are
environmentally safe. Photorhabdus are highly virulent towards insects and Photorhabdus
are also very closely related to important mammalian pathogens such as Escherichia coli and
Salmonella. This close phylogenetic relationship means that we can learn important things
about virulence in mammals by studying the relatively simple Photorhabdus-insect model
system. In this project the successful student will construct mutants in genes that we have
previously identified as putative virulence factors in Photorhabdus. The mutants will be
constructed using genetic techniques that are available in the host laboratory and the
mutants will be tested in insect-based bioassays.

Contact Details:

Dr David Clarke

School of Microbiology

Room 426, Fourth Floor, Food Science Building

Phone: (021) 4903624

Email: david.clarke@ucc.ie

URL:  http://publish.ucc.ie/researchprofiles/D010/davidclarke

Project B — Biochemical characterization of long, non-coding RNAs in breast
cancer invasiveness

Long, non-coding RNAs (IncRNAs) are a class of RNAs greater than 200 nucleotides in length that
are transcribed, but not translated into proteins. Due to advances in deep sequencing
technologies, the cellular contribution of the non-coding transcriptome is expanding —in
particular, there has been the emergence of IncRNAs as regulators of normal cellular events,
with links to various disease states, including breast cancer (Hansji et al. 2014). While IncRNAs
are only being discovered, there is a particular lack of information regarding molecular
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interaction partners of existing IncRNAs, namely what RNA-binding proteins bind to and
influence an IncRNA’s structure or function?

To begin to address this question, we are pioneering the use of a tethered RNA system that will
be used as a tool to identify proteins that bind to selected IncRNAs. Use of this system has been
successful with defined RNA-protein interactions (lioka & Macara 2015; lioka et al. 2011), but
we will expand its utility to a ‘discovery’ phase to identify protein interactors of poorly-
characterised IncRNAs. To establish this system, we will use two IncRNAs implicated in breast
cancer, BCAR4 and BC200 (Xing et al. 2014; lacoangeli et al. 2004). In the summer project, the
student will be synthesising those IncRNAs in vitro, using the RNAs to create an affinity matrix,
and isolating RNA-binding proteins from breast cancer cell line lysates. Interacting proteins will
be identified by immunoblotting and/or mass spectrometry. Additionally, the student will be
constructing additional tethered IncRNA targets using standard molecular biology techniques.

By determining the constituents of IncRNA-protein complexes, we aim to understand how the
complexes influence cellular processes that contribute to breast cancer invasiveness. This
research has the possibility of uncovering novel IncRNA-protein networks and will contribute to
a new, exciting area of RNA biology.

References:

Hansji, H. et al., 2014. Keeping abreast with long non-coding RNAs in mammary gland
development and breast cancer. Frontiers in genetics, 5, p.379.

lacoangeli, A. et al., 2004. BC200 RNA in invasive and preinvasive breast cancer.
Carcinogenesis, 25(11), pp.2125-2133.

lioka, H. et al., 2011. Efficient detection of RNA-protein interactions using tethered RNAs.
Nucleic acids research, 39(8), p.e53.

lioka, H. & Macara, I.G., 2015. Detection of RNA-Protein Interactions Using Tethered RNA
Affinity Capture. Methods in Molecular Biology (Clifton, N.J.), 1316, pp.67-73.

Xing, Z. et al., 2014. IncRNA Directs Cooperative Epigenetic Regulation Downstream of
Chemokine Signals. Cell, 159(5), pp.1110-1125.

Contact Details:

Dr Kellie Dean

College Lecturer and Postgraduate Coordinator

School of Biochemistry and Cell Biology, 3.91 Western Gateway Building
Tel: +353 21 420 5421

Email: k.dean@ucc.ie

Project C — Analogue Modeling Of Unconsolidated Sediment Deformation
Aim and central research question(s):

Techniques and criteria to recognise and measure deformation in unconsolidated sediments
are still rather limited and primarily concerned with clast fabric analysis (e.g. Phillips et al.
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2011). Measurement of the orientation of clast long axes (a-axes) in tills has been used to
establish ice flow patterns and is based on the assumption that sub glacial shearing of till
results in an alignment of clast a-axes in the direction of ice flow. This analysis focuses on
the fabric shape, which is usually quantified using normalised vector magnitudes
(eigenvalues Si, S» & S3) calculated from the orientation data (Mark 1974). These data
provide limited information on the magnitude of strain in these sediments and the
relationship between clast-fabric strength and cumulative strain is effectively unknown.

The above analysis assumes that clasts behave like rigid objects immersed in a viscous fluid.
This type of deformation has received relatively little attention by the geology strain analysis
community due to its mathematical complexity and a paucity of strain analysis methods.

Physical analog modeling is a well-established laboratory technique for reproducing the
developmental sequence and overall geometry of geologic structures. Analog models can be
constructed and deformed in a number of ways to simulate real-world structures and test
tectonic hypotheses. In this project analogue materials consisting of differing clast/matrix
mixes will be artificially deformed in an attempt to mimics natural sediment behaviours
during deformation.

The development of more sensitive and sophisticated strain analysis techniques for
deformed unconsolidated sediments will greatly improve our ability to full characterize
process in a number of critical geological settings including the sub-glacial environment.

Dr Patrick A. Meere, School of BEES & Dr Kieran F. Mulchrone, School of Mathematics
Contact Details:

Dr Patrick A. Meere

College Lecturer & BSc International Field Geoscience Co-ordinator
Geology, School of Biological, Earth and Environmental Sciences
Distillery Fields, North Mall

Tel: +353 21 4904576

Email: p.meere@ucc.ie

Project D — Innovative approaches to discovering new antibiotics

The spread of bacterial resistance to current antibiotics is one of the greatest problems
facing public health in the years ahead. Already, antibiotic resistance is common in bacterial
like S. aureus (MRSA) and E. coli (ESBL), and dangerous strains of tuberculosis, Klebsiella and
other pathogens that are resistant to all clinical antibiotics have emerged and are
spreading!. UCC School of Microbiology is part of a global project called the Small World
Initiative (SWI) that aims to identify new antibiotics produced by soil bacteria?. As part of

the SWI, in laboratory practicals, undergraduate students have already screened diverse



soils and have had some positive results in the search for antibiotic producing strains. This
Summer project builds on that experience and will allow a 3" year student work full-time on
an SWI project to search for new antibiotic-producing bacteria. One challenge with isolating
soil bacteria is that only 1-5% of bacteria in the soil grow under laboratory conditions so
many candidates are missed. To overcome this, the project will use the “iCHIP”, an
innovative new device that allows in situ cultivation of bacteria in mini-chambers in the soil.
Using this device, strains of bacteria that will not grow in pure culture in the laboratory can
be cultured, thereby increasing the repertoire of strains that can be tested. Use of an iChip
led to the discovery of teixobactin — only the second novel class of antibiotic found in the
last 30 years3. The project will combine classical microbiology with innovative technology
and will include PCR and molecular approaches to identify strains. The student will be able
to apply knowledge and skills already learned to an exciting project that has the potential to
have a meaningful impact for society.

References

1 http://www.who.int/mediacentre/factsheets/fs194/en/

2 http://www.microbiologysociety.org/outreach/small-world-initiative/index.cfm

3 Ling et al. 2015. A new antibiotic kills pathogens without detectable resistance Nature 517,
455-459.

Contact Details:

Dr John Morrissey
School of Microbiology
Room 445, Fourth Floor
Food Science Building
Tel: 021-4902396

Email: j.morrissey@ucc.ie

Project E - Investigation into the ability of Th1 Inflammatory and Anti-
Tumour Cytokines to Sensitize Resistant Colon Cancer Cell Lines to the EGFR
targeted therapy Cetuximab

Project Description (Abstract):

Redundancy between oncogenic receptor tyrosine kinase (RTK) signalling pathways
represents a key mechanism of acquired resistance to targeted cancer therapies such as the
anti-EGFR biological therapy (cetuximab) in colon cancer. In particular, targeting one RTK
may result in compensatory upregulation of bypass RTK genes, which turns otherwise
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sensitive cells refractory to the initial treatment. The pro-inflammatory Th1 cytokines IFN-y
and TNF-a are effectors of anti-tumour immunity yet their effect on RTK signalling is
unclear. We have shown that IFN-y/TNF-a synergise to induce a co-ordinated shutdown of
multiple RTK genes in colon cancer cell lines. This transcriptional response is seen across
various human cancer cell types and involves up-regulation of EGFR — the target of
cetuximab - coupled with repression of a conserved set of RTKs, including HER2/3, FGFR3,
INSR and IGF1R. Mechanistically, IFN-y/TNF-a mediate RTK shutdown by integrating multiple
upstream signalling inputs such as (i) acute transactivation of EGFR, HER2, INSR and IGF1R,
which drives activation of PI3K/AKT signalling as well as (ii) RTK-independent induction of
p38 and MEK/ERK pathways. Our results suggest that therapies promoting T-cell-mediated
antitumour immunity (e.g. immune checkpoint blockers) may produce similar effects as a
part of their overall efficacy. This could provide a rationale for combining such
immunotherapies with RTK-based targeted therapies in order to overcome acquired
resistance to the latter.

Aim

The aim of this project is to test whether IFN-y/TNF-a-induced rewiring of RTK signalling
pathways sensitizes resistant colon cancer cell lines to the anti-EGFR targeted therapy
cetuximab.

References

(1) Resistance to anti-EGFR therapy in colorectal cancer: from heterogeneity to convergent
evolution.

Misale S, Di Nicolantonio F, Sartore-Bianchi A, Siena S, Bardelli A. Cancer Discov. 2014 Nov; 4
(11):1269-80. Review.

(2) Acquired resistance to EGFR-targeted therapies in colorectal cancer.

Van Emburgh BO, Sartore-Bianchi A, Di Nicolantonio F, Siena S, Bardelli A. Mol Oncol. 2014
Sep 12;8(6):1084-94. Review.

Contact Details:

Dr Ken Nally

Lecturer in Biochemistry & Principal Investigator

School of Biochemistry & Cell Biology

Host Response and Inflammation Group

Alimentary Pharmabiotic Centre

Rms. 2.10/4.41, Bioscience Institute

Tel: 353-21-4901302

Email: k.nally@ucc.ie

Web: http://apc.ucc.ie and http://microbemagic.ucc.ie (for children)
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Project F — Does ghrelin sensitise colonic myenteric neurons to the
stimulatory effects of Glucagon-like peptide-1?

Ghrelin is a stomach-derived ‘hunger hormone’ which plays a key role in whole-body energy
metabolism and regulation of gut motility. Glucagon-like peptide-1 (GLP-1), which is
released from gastrointestinal L-cells following food intake, stimulates pancreatic insulin
secretion to induce glucose uptake and is important in energy metabolism. However,
crosstalk may exist between these two gastrointestinal hormones, as ghrelin directly
stimulates GLP-1 secretion from L-cells. As ghrelin peaks with hunger, it plays a role in
priming intestinal L-cells for nutrient-induced GLP-1 release. Moreover, studies from our
laboratory have shown colocalisation of GLP-1 and ghrelin receptors on myenteric neurons,
which regulate motility (figure 1).

Figure 1: The
immunofluorescent
images illustrate
strong co-
localisation of
ghrelin and GLP-1 in

rat colonic
myenteric ganglia.

Ghrelin Rs GLP-1Rs

We hypothesise that ghrelin sensitises myenteric neurons to the stimulatory effects of GLP-
1. In the context of the functional bowel disorder, irritable bowel syndrome (IBS), which is
characterised by abdominal pain, diarrhoea and/or constipation, we aim to investigate if
ghrelin and/or GLP-1 contribute to IBS symptoms. While it’s known that GLP-1 has anti-
spasmodic and pain-relieving effects in IBS patients, the molecular and cellular mechanisms
underlying this beneficial effect are not clear.

The aim of this project is to determine if the neuro-stimulatory effects of human IBS plasma
on myenteric neurons is modified by neutralising ghrelin and/or GLP-1 receptors.

Calcium imaging and pharmacological agents will be used to investigate the stimulatory

effects of IBS plasma on colonic myenteric neurons. ELISA kits will be used to detect and
correlate levels of GLP-1 and ghrelin in healthy and IBS plasma samples.

These experiments will provide evidence of novel interactions between two gut hormones.
The student will gain expertise in dissecting colonic tissue, ELISA, calcium imaging and data
analysis.

Contact Details:

Dr Dervla O’Malley

Lecturer and Principal Investigator

4.103 Western Gateway Building,

Department of Physiology & APC Microbiome Institute,
Tel: +353 21 4205483

Email: d.omalley@ucc.ie
http://publish.ucc.ie/researchprofiles/Coo8/domalley
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GROUP 3 — MATHEMATICAL SCIENCES, CHEMISTRY & PHYSICS

Project (i) — Optical studies of a “bursting” neutron star

Accreting neutron stars can undergo unstable thermonuclear burning on their surfaces,
resulting in rapid bursts of high energy emission, especially in the X-ray. Very rarely, these
are accompanied by optical bursts, the precise nature of which are uncertain: they are most
likely due to the reprocessing of the high energy emission in some part of the accretion disk
around the neutron star, giving rise to emission at lower energies — but the exact location,
and the details of how the flux is generated, are largely unknown.

We have recently obtained an extensive observations of UW CrB, a bursting neutron binary
system, observed almost edge on, which is also the most prodigious known source of optical
bursts. These observations include photometric and spectroscopic observations, made
throughout the orbit, and include measurements made during a burst (see below). The
purpose of this project is to analyse these data, use them to constrain the structure of the
disk (using the technique of “Doppler Mapping”) and to determine the origin of the optical

bursts.
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Figure caption: The optical burst is arrowed on the left hand panel: more bursts are visible on the right.

The “dips” in the flux at phases 1 and 2 are due to structure at the edge of the disk obscuring the hot inner regions, near
the neutron star: this implies that we are looking almost edge-on along the disk.

Contact Details:

Prof. Paul Callanan

Room 104C, First Floor, Kane Building
Department of Physics

Tel: 021-4903211

Email: paulc@ucc.ie

11


mailto:paulc@ucc.ie

Project (ii) — How does smoke evolve?
Project description:

Computer graphics in modern games provide very realistic real time simulation of non-linear
dispersive phenomena like cloud movement, and smoke bursts after explosions. The
underlying partial differential equations have been studied with a view to various
applications, and very much remain a current trend in modern mathematics.

The aim of this project is to model the evolution of smoke rings. A smoke ring is produced
when a burst of smoke is emitted into the air via a small opening. Depending on its initial
shape, the shape of the smoke ring then evolves according to the vortex filament equation.
To model this phenomenon we will build a graphical interface that allows real time
experimentation.

This project offers an undergraduate the opportunity to engage in current mathematical
research with many applications in pure and applied mathematics. It will involve the student
in learning techniques from modern analysis and differential geometry, as well as building a
graphical interface for simulation. Any new results will be of interest to the mathematical
community and certainly be publishable, as well as strengthen the student’s ability for
future research.

Contact Details:

Dr Martin Kilian

1.62 Western Gateway Building
School of Mathematical Sciences
Tel: 021-4205840

Email: m.kilian@ucc.ie

Project (iii) — Ellipticines: Targeting Cancer by a Structured Approach

Ellipticine (Fig. 1) is a natural plant alkaloid, isolated from berries of
the Ochrosia Elliptica tree.! The ellipticine family of compounds
(including isoellipticine and olivacine) possess potent anticancer
activity and have clinical pedigree in the treatment of breast and
colon cancer. Like many clinical anticancer agents, ellipticines are
thought to have multi-modal mechanisms of action — DNA
intercalation, topoisomerase Il inhibition and adduct formation via bio-oxidation amongst
other potential mechanisms. The multimodal activity of ellipticines is inherently related to
its relatively simple planar structure and consequent ability to bind to multiple targets. It is
possible however to modify the behaviour of this family of compounds by substitution.?

To date, tailored functionalization of the pharmacophore has led to reports of specific
effects on CNS cell selectivity, specific cell cycle effects, biooxidation to form adducts, AKT
and c-Kit kinase inhibition.»** A program of research within this laboratory to generate

12



diverse ellipticines has produced remarkable success in the treatment of acute myeloid
leukaemia amongst other cancer types and this is currently in development.*>®7 It can

clearly be seen that ellipticines have diverse medicinal functions related to cell viability and

cytotoxicity.
Figure 1 Synthesis of ellipticine derivatives from indole and a 7-substituted isoellipticine yielding G2-M cell cycle block
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This project sets out to design and synthesise novel substituents and heterocycles on the
tetracyclic ellipticine template to increase biological potency, solubility and specificity. We
aim to produce and evaluate structurally diverse novel and specific ellipticine agents using
the innovative chemistry we have developed. We will evaluate the novel compounds
generated by this project for anticancer activity by biochemical and cellular means.

References

1. E.C. O’ Sullivan et al. (2013) Stud. Nat. Prod. Chem. 39 (6), 189-232.

2. C.M. Miller et al. (2012) RSC Adv., 2 (24), 8883-8918.

3. D. Thompson et al. (2008) Biochemistry, 47, 10333-10344.

4. F.M. Deane et al. (2013) Org. Biomol. Chem., 11 (8), 1334-1344.

5. C.M. Miller et al. (2012) Org. Biomol. Chem, 10 (39), 7912-7921

6. E.G. Russell et al. (2014) Invest. New Drugs 32(6), 1113-1122.

7. E.G. Russell et al. (2015) Invest. New Drugs 10.1007/s10637-015-0302-y

Contact Details:

Dr Florence O. McCarthy

Room 2.21

Department of Chemistry and ABCRF
Cavanagh Building

Tel: +353 21 4901695

Email : f.mccarthy@ucc.ie
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Project (iv) — Look Who's Talking; Important Bacteria Communication
Molecules

Background:

It has been recently discovered that bacteria use a communication system known as
Quorum Sensing (bacteria talk).

Let’s take the luminescent bacterium, Vibrio fischeri. These bacteria often live in an animal
host such as the Hawaiian bobtail squid. The host provides a nutrient-rich environment for
the bacteria and the bacteria provide light for the host. V. Fischeri produce light only when
larger numbers of bacteria are present. There would be no point in a single bacterium
emitting light. Trying to do so would be a waste of valuable resources.

Using quorum sensing, the bacteria communicate with each other and save their efforts for
the time when sufficient similar cells are around. Once they make a decision to glow, as a
group, they all do so.

In a similar way the anti-biotic resistant bacteria Pseudomonas aeruginosa which affects
Cystic Fibrosis, burn victims and other immunocompromised patients, communicate the
help defend against the body responses.

You will make ‘signal molecules’ that are similar but different to that used by P. aeruginosa.
In this way we will try and interrupt bacteria conversation and hopefully take a new look at
controlling infection. We are all aware that bacteria often develop resistance to antibiotics.
This approach would avoid this major world-wide problem.

Contact details:

Dr Gerard McGlacken ‘
Room G21A, Ground Floor, Kane Building 0 u u e
Tel: 021-4902866

Email: g.mcglacken@ucc.ie Broadcast Yourself™

Check out Prof Bonnie Bassler’s lecture on Youtube at:

http://www.youtube.com/watch?v=TVfmUfr8VPA
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Project (v) — Algebraic Methods in Finite Dynamical Systems with
Applications to Traffic System Modelling

Let be afinite set, whose elements represent states of a system. An -dimensional finite
dynamical system is a function = ( 1,..., ) > with each - called
the transition function associated to node . Of particular practical application are cases
when s afinite field and the transition functions are polynomials. In this case, algebraic
methods can be successfully used in the study of the finite dynamical system. Well known
examples of finite dynamical systems include cellular automata and Boolean networks, with
applications in Engineering, Computer Science and Systems Biology among others.

The theoretical part of the project will consist in understanding the mathematical concepts
and methods underlying the study of finite dynamical systems. The practical part will consist
in designing a computer based model for traffic systems and applying methods from
finite/sequential dynamical systems in further developing and refining and this model.

This project will be suitable for undergraduates in Mathematical Sciences.
References:

[1] Henning Mortveit, Christian Reidys: “An Introduction to Sequential Dynamical Systems”,
Springer, 2000

[2] Cox, David A,, Little, John, O'Shea, Donal: “Ideals, Varieties, and Algorithms - An
Introduction to Computational Algebraic Geometry and Commutative Algebra”, Springer,
2007

Contact Details:

Dr Anca Mustata

Room 146, First Floor, Western Gateway Building
School of Mathematical Sciences

Tel: +353 21 4205852

Email: a.mustata@ucc.ie

Project (vi) — Development of Novel HIV Drugs

Prevention of the on-set of AIDS (Acquired Immune Deficiency Syndrome) by controlling HIV
(Human Immunodeficiency Virus) or ultimately depleting/destroying the virus is a field of
considerable interest. Following in-depth structure activity relationship and an
understanding of the in vivo mechanism of action of NRTI’s (Nucleoside Reverse
Transcriptase Inhibitors) this proposal will explore the potential of the furanone
substructure 2 (Figure 1) as an effective pharmacophore on which to develop a second
generation of active pharmaceuticals against HIV and related retro viruses such as Hepatitis
B (HPV B). The furanone moiety 2 has the relevant molecular features to operate via a
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similar mode of action to the current NRTIs. NRTIs are a well-known class of anti-HIV drugs.
The general structure of traditional NRTI’s 1 and the chemical features responsible for their
mode of action are shown below (Figure 1). The advantage of using the furanone analogue
is that it possesses the planar conjugated enone functionality which reduces the number of
stereogenic centres and therefore reduces the complexity involved in the synthesis of these
target molecules. This has the knock-on effect of reducing manufacturing costs and making
the drugs available at a more reasonable price to patients. Like all HIV drugs available to
date, current NRTIs are prone to resistance. We seek to investigate the furanones as a novel
class of NRTI’s that are less susceptible to resistance, have reduced side effects and
enhanced bioavailability. To increase patients’ treatment options and life expectancy, the
more combinations and classes of anti-retroviral drugs, with enhanced resistance profiles
and reduced side effects, available the better. Consequently, there is always high demand
for new generation HIV therapies.
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Figure 1

Contact Details:

Dr Eileen O’Leary,

School of Pharmacy and Department of Chemistry, UCC
Room UG 04, Cavanagh Pharmacy Building, UCC

Tel: 021-4901676

Email: eileen.oleary@ucc.ie

Project (vii) — The design and synthesis of DSF antagonists - new weapons in
the battle against Cystic Fibrosis

Cystic Fibrosis (CF) is an inherited disease which affects about 1,500 Irish people. CF causes
the body to produce an abnormally sticky fluid in the lungs which makes CF patients
susceptible to serious bacterial infection.
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CF patients are faced with frequent stays in hospital as they are prone to infection by
antibiotic-resistant bacteria. Approximately 60% CF patients have a chronic respiratory
infection co-infected with multiple bacteria that settle into the thick mucus trapped in the
airways. These bacteria have evolved a special type of defence where they excrete a
chemical messenger on treatment with an antibiotic. These chemical messengers are cis-2-
unsaturated fatty acids, with the most important being Diffusible Signal Factor (DSF). We
have demonstrated that the presence of DSF leads to increased biofilm formation and
resistance to antibiotics, factors that prolong the infection. Effectively, DSF acts a warning
signal by behaving as an ‘emergency flare’ to other bacteria, which then produce a biofilm in
response. The biofilm works as a shield which protects the bacteria from the effects of the
antibiotic.

In the same way as a key fits in a lock causing it to open, DSF fits into a biological receptor
and “turns on” biofilm formation. This project aims to synthesise molecules which mimic
DSF and fit into the same biological receptors but do not “turn on” biofilm formation. These
novel molecules will act by jamming the lock closed and shut down the bacterias’ defences.

Contact Details:

Dr Tim O’Sullivan
Department of Chemistry
Room 2.05 Cavanagh Building
Tel: 021-4901655

Email: tim.osullivan@ucc.ie

Project (viii) — The redshift-dependence distribution of gamma-ray bursts
durations

Proposal details:

Gamma-ray bursts (GRBs) are the brightest explosions in the universe. They release as much
as 107{53} ergs in a typical duration of few seconds. Being so energetic, they have
fascinated astronomers since their discovery. About 20 years ago, it was discovered that
the duration of these bursts have a bi-modal distribution. The “short” GRBs last a duration
of <~1 second, while the “long” ones typically last ~20 seconds, though there are large
variations between the different bursts. Based on this finding, it was suggested that two
different phenomena might be the cause of these explosions. The first is the gravitational
collapse of a massive star (the so-called “collapsar”), in which, in a way that is not fully
understood, the bright explosion accompanies the collapse of a massive star into a black
hole. The second mechanism is the merger of binary stars; this again results in the
formation of a black hole. Currently, the exact mechanism that produces GRBs is still
unknown, and various clues are being collected.
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With the launch of a new generation of satellites, such as the “Fermi” satellite in 2008, more
data is accumulation. We are now reaching the stage where quantitative conclusions can be
drawn. In particular, the number of GRBs with known redshift is now over a few tens, which
enables good enough statistics. The goal of the proposed project is to investigate the
evolution of the GRB duration distribution with cosmological times (i.e., redshift). If indeed
the two populations originate from different mechanisms, their evolution in cosmic times
would be different. The results would be compared to models of binary star evolution,
which predicts the rate of mergers over time.

The project would be guided by myself (Dr Asaf Pe’er).
Contact Details:

Dr Asaf Pe’er

Room 101G, First Floor, Kane Building
Physics Department

Tel: 021-490-2594

Email: a.peer@ucc.ie

Project (ix) — Quantum Algorithms and Quantum Simulations
(Theoretical Physics)

This project is located in the field of theoretical quantum physics, especially in the field of
guantum information processing and quantum control.

The main goal of quantum information processing is to use quantum mechanics to
overcome the limitations of classical computers. There are quantum algorithms which are
able to perform given tasks in principle faster than any known classical algorithm. Moreover,
many real systems or new materials are so complex that it is impossible to simulate them on
today’s “classical” computers and it can be shown that it will be even impossible in the
future. The lack of this ability to simulate often prevents the application of these systems or
new materials in future technologies. An idea is now to use other quantum systems, i.e.
quantum simulations, to simulate these systems or new materials and so overcome the
limitations of classical computers.

An important requirement for all these is the ability of a fast and stable control of quantum
systems. This project is located in the research group “Shortcuts to adiabaticity in quantum
optics”; the group develops new schemes for such a fast and stable control of quantum
systems.

The task of this project is to understand the required control schemes in different quantum
algorithms and quantum simulations. The first part of the project will be to understand the
required basics of quantum information and to get into the quantum-mechanical formalism
required for this. In the second part, the task of the student will be to study the literature
and to understand the different existing quantum algorithms and to extract which specific
control schemes are required in the different algorithms.
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Dr Andreas Ruschhaupt

Room 216A, Second Floor, Kane Building
Department of Physics

Tel: 021-4902373

Email: aruschhaupt@ucc.ie

Project (x) — Air Quality Monitoring on the UCC Campus
Research Topic:

Air pollution causes damage to human health and the environment. Given the serious
nature of the problem, air quality monitoring is required in large urban areas. A new air
guality monitoring station has been recently set-up on the UCC campus. The station is
equipped with automated analysers for measuring the important pollutant gases (nitrogen
oxides and ozone), as well as a range of instruments for determining the size, number, mass
and chemical composition of particles. This project will involve operating the instruments in
the air quality station, performing data analysis and developing means of transferring/
communicating the air quality data to the Irish Air Quality Monitoring Network operated by
the Environmental Protection Agency (EPA). The results will also be compared to those
obtained at other monitoring stations around Ireland during the same period. This research
will therefore provide an excellent grounding in air quality monitoring, data analysis and
networking of instruments/data transfer.

This project is suitable for students of Chemistry, Chemical Physics, Environmental Science
and Physics.

Links:
http://www.epa.ie/air/quality/#.Vpj AJgLS70

Prof. John Wenger

Second Floor, Kane Building
Department of Chemistry
Tel: 021 4902454

Email: j.wenger@ucc.ie
http://crac.ucc.ie
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