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Welcome: 
 

On behalf of the Organising Committee, a very warm welcome to this, the 4th symposium of the 
Irish Biological Inorganic Chemistry Society (IBICS-4). The Society’s mission is to develop, foster 
and promote a strong national network of scientists collaborating in research areas such as 
biology, chemistry, physics and medicine with an interest in biological inorganic chemistry. In 
this regard, the Society, since its establishment in May 2017, has hosted three successful 
symposia; the first jointly delivered by MU and DIT Kevin Street (now TU Dublin) in November 
2017, the second by NUIG in November 2018 and the third in RCSI in November 2109. As you 
know, the 4th symposium is being hosted virtually as a result of the need to comply with 
government regulations due to the Covid pandemic. The IBICS Committee felt strongly that it 
was important to do so, primarily to provide a platform for our early stage researchers and PhD 
scholars to present their research at a time when most conferences are being cancelled or 
deferred.   

A key feature of all IBICS symposia is the inclusion of two plenary lectures delivered by 
internationally renowned experts (within the bioinorganic chemistry and biology fields). In this 
spirit, the IBICS-4 symposium will include plenary lectures by Professor Vincent L. Pecoraro 
(University of Michigan, USA) and Dr. Ulrike Binder (Medical University of Innsbruck, Austria). 
Professor Pecoraro is also currently the President of the Society of Biological Inorganic 
Chemistry (SBIC). This year, the IBICS-4 programme also includes a special guest presentation 
and interactive session hosted by Professor Nils Metzler-Nolte (Ruhr University, Bochum, 
Germany), Chief Editor of the Journal of Biological Inorganic Chemistry, the flagship journal of 
the SBIC. Professor Metzler-Nolte will provide unique insights into his role as Chief Editor.  The 
programme also includes two keynote lectures, alongside a number of oral and flash 
presentations by early stage researchers and PhD scholars. There will be prizes for both the 
best oral and flash presentations.  

A key highlight during the IBICS-3 symposium in 2019 was the presentation of the inaugural 
IBICS Postgraduate Gold Medal Award. There was an open call for this award again this year. 
We received a number of outstanding nominations which went through an independent review 
and evaluation process. The reviewers noted the very high standard of all nominations 
received. We are delighted to announce that the recipient of the award this year will be 
presented to Aisling Ryan (RCSI). Aisling has distinguished herself across a range of criteria 
throughout her PhD. Her research performance, achievements and impact in the field of 
medicinal and biological inorganic chemistry are to be commended. Our congratulations to 
Aisling and to her PhD supervisor, Dr Darren Griffith.  

We are also pleased to report that the Society continues to grow in membership. We also 
recently launched the IBICS website http://ibics.ie as well as our Twitter account @IbicsIreland. 

http://ibics.ie/
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Please keep us informed of key achievements which we would be more than happy to publicize 
on the website. Please also consider following us on Twitter! 

The IBICS AGM will take place immediately following the symposium. We do hope that as many 
members as possible will be free to attend.  

May we also take this opportunity to acknowledge our sponsors; RCSI and TU Dublin.  

We are very much looking forward to seeing you on Friday, 27th November, albeit virtually. We 
sincerely hope you enjoy IBICS-4.  
 
Kind regards,  
 
 
Kind regards,  
 
Dr. Bernie Creaven  
Dr. Deirdre Fitzgerald Hughes 
 
On behalf of the Local Organising Committee  
 
Dr. Bernie Creaven (co-chair), Dr Deirdre Fitzgerald Hughes (co-chair), Prof Mick Devereux, 
Prof. Kevin Kavanagh, Prof. Celine Marmion, Dr. Diego Montagner, Dr. Orla NiDhubhghaill, Dr. 
Luca Ronconi, Dr. Prabhakar Sidambaram 
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 Plenary Lectures – Speaker Profiles: 
 

 

Priv. Doz. Mag.rer.nat. Ulrike Binder, PhD 

Medical University of Innsbruck, Austria 

 

Ulrike Binder graduated with a master degree in microbiology and molecular biology from 
Leopold-Franzens University in Innsbruck, Austria. Ulrike continued her work on filamentous 
fungi and antifungal peptides during her PhD studies at the Medical University of Innsbruck, 
Austria, from where she graduated in 2009. During her early career years she focused on 
signalling cascades in filamentous fungi and enhanced her methodical repertoire during 
internships at the DTU Copenhagen, University of Edinburgh, the National Institute of 
Chemistry in Lubljana, Slovenia, before she got appointed as a staff scientist at the Institute of 
Hygiene and Medical Mycology, Medical University Innsbruck. Her research interests within 
medical mycology are (1) investigating fungal adaptation to environmental stress, the influence 
of such stresses on the activity of antifungals and the pathways that are involved in such 
changes and (2) setting up alternative in vitro and in vivo models to study fungal pathogenicity, 
establishment of disease and the efficacy of new antifungal drugs. In 2019 she successfully 
completed the “venia docendi” and was promoted as a Senior Scientist in microbiology and 
medical mycology. Currently, her research focus is laid on Mucormycetes and deciphering 
disease establishment, virulence traits and antifungal resistance of this group of mold 
pathogens 
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Vincent L. Pecoraro, PhD 
John T Groves Collegiate Professor of Chemistry, University of Michigan, USA President, The Society of 
Biological Inorganic Chemistry (SBIC) 
 

Over the past 3 decades, Professor Vincent L. Pecoraro has been one of the most influential contributors to 
bioinorganic chemistry.  He began his independent career at the University of Michigan in 1984, and has risen 
to the upper echelons of these communities with over 325 publications, more than 20,000 citations and an h-
index of 88. His international influence on the field is illustrated by numerous honours including the highly 
prestigious Blaise Pascal International Chair for Research, the Alexander von Humboldt Stiftung, a Le Studium 
Professorship and the ACS Award for Distinguished Service in the Advancement of Inorganic Chemistry. He is 
also a Fellow of both the ACS and AAAS. 

Professor Pecoraro became famous for his work on manganese bioinorganic chemistry and indeed his 
catalysts for peroxide disproportionation are still the most active to be reported. His proposed mechanism 
for water oxidation (attack of a calcium bound nucleophilic hydroxide onto an electrophilic Mn=O) remains at 
the center of the debate on biological water oxidation processes. Professor Pecoraro also led the 
development of the enzymatic chemistry of vanadium by being the leading synthetic contributor toward 
understanding the mechanism of the vanadium haloperoxidases. In recognition of this, combined with his 
seminal work defining the spectroscopy of vanadium, he was deemed the 2010 recipient of the Vanadis 
Award.  

Professor Pecoraro is a pioneer of de novo designed metalloproteins. He was among the first to exploit 
peptide scaffolds for synthesizing new metal coordination environments. His studies of Hg(II), Cd(II), and 
As(III) binding to sulfur rich α-helical bundles established the core principles for well-defined metalloprotein 
binding sites. One of his many significant contributions was identifying the most active designed 
metalloprotein, a mimic of human carbonic anhydrase. This hallmark contribution to the developing field was 
followed by the most active homogeneous catalysts in water for Cu-based nitrite reductase systems. 
Professor Pecoraro is also well known for his discovery of metallacrowns which has led to new Ln-based 
luminescent agents, used as near-IR emitting bioimaging agents. In fact, his recent work with metallacrowns 
will be commercialized by a start-up company for near-IR biological imaging. 

Professor Pecoraro has worked tirelessly to promote the field of bioinorganic chemistry, chairing numerous 
international conferences in the field of bioinorganic chemistry, and serving the broader inorganic 
community (e.g. NIH Study sections; Bioinorganic representative to the ACS/PRF; and Bioinorganic Associate 
Editor of Inorganic Chemistry 1994-2014). Professor Pecoraro was recently elected as President of the Society 
of Biological Inorganic Chemistry (SBIC) in 2020, the premier international organization for all of bioinorganic 
chemistry, a testament to his international standing in this exciting field.  
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Nils Metzler-Nolte, PhD 

Ruhr-University Bochum, Germany and Chief Editor of the Journal of Biological Inorganic 
Chemistry:  

How first impression leads to decision: A glimpse behind the scenes of paper submissions
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Keynote Lectures – List of Speakers: 
 

Professor Andrea Erxleben 

National University of Ireland, Galway (NUIG) 

Mitochondria-targeting Metallodrugs 

 
 
Professor John Kelly 
 
Trinity College Dublin (TCD) 
 
TAP keeps on flowing; Ruthenium polypyridyls and DNA since the 1980’s 
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IBICS 4 – Scientific programme: 
 
11:00-11:10 Opening – Professor Celine Marmion, IBICS President 

 

Session 1 - Chairperson: Professor Michael Devereux 

Keynote Presentation 

11:10-11:35 Professor Andrea Erxleben, NUIG: ‘Mitochondria-targeting Metallodrugs’ 

 
Oral Presentations 

11:35-11:45 Stephen Barrett, MU: 2D and 3D Anticancer Activity, DNA Binding 
and Cell Mechanistic Studies of Estrogen-Functionalized Cu(II) Complexes 

11:45-11:55 Dr Ashwene Rajagopal, RCSI: Comparative study on the ferrocenyl- and 
styryl- based tungsten fisher carbene complexes towards antimicrobial photodynamic 
therapy 

11:55-12:05 Karmel Gikka, DCU: Mitochondrial Targeted Osmium Polypyridyl Probe 
Shows Concentration Dependent Uptake, Localisation and Mechanism of Cell Death.  

 

12:05-12:15 Amir Abdo, NUIG: DFT/TD-DFT Investigation on the 
Intrinsic Properties of Hemin Conjugates Binding to Nitric Oxide  
 
Plenary Presentation 
 
12:15-13.05 Dr Ulrike Binder, Medical University of 
Innsbruck, Austria: ‘Iron Metabolism in Fungi’ 

 

Flash Presentations 

13:05-13:20 Eoin Moynihan; Neville Murphy; Quasim Mustaq; Amrutha Prabhakaran 

13:20-13:30 Questions and Answers 

13:30-14:00 Lunch 
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Session 2 - Chairperson: Professor Celine Marmion 

 
Plenary Presentation 

14:00-14:50 Professor Vincent L. Pecoraro, University of Michigan, USA 
and SBIC President: ‘Adventures in Metalloprotein Design: Enhancing Cu 
Nitrite Reductase Catalysis’ 

 

Oral Presentations 

14:50-15:00 Dr Joseph Byrne, NUIG: Carbohydrate-functionalised metal 
complexes: bacterial lectin-targeting glycoclusters and organometallic  catalysts 

15:00-15.10 Brionna McGorman, DCU: Click and Cut: Enzymatic Production of Molecularly 
Targeted DNA Scissors 

15:10-15.20 Magdalena Piatek, MU: Characterisation of the proteomic 
response of Pseudomonas aeruginosa to gallium maltolate  

15:20-15.30 Danielle Curran, UCD: Development of N-Heterocyclic 
Carbene Gold(I) Complexes as Promising Chemotherapeutics  

 

Flash Presentations 

15:30-15:50 Erica Mooney; Clara Evans; Megan Winterlich; Mark Stitch 

 

Special Guest Presentation 

15:50-16.00 Professor Malachy McCann, MU: From Cooking Fat to Facemask: Conquering 
Coronavirus  

Keynote Presentation 

16:00-16.25 Professor John Kelly, TCD: ‘TAP keeps on flowing; Ruthenium Polypyridyls and 
DNA since the 1980s’ 

16.25-16:35 Questions and answers 
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Session 3 - Chairperson: Professor Orla Howe 

 

Special Guest Presentation 

16:35-17:05 Professor Nils Metzler-Nolte, Ruhr-University Bochum, Germany and Chief 
Editor of the Journal of Biological Inorganic Chemistry: ‘How first impression leads to 
decision: A glimpse behind the scenes of paper submissions’ 

17:05-17:20 Presentation of the IBICS Postgraduate Gold Medal Award 2020 to Ms Aisling 
Ryan and Award Lecture 

17:20-17:25 Professor Celine Marmion Award Ceremony and Closing 

17:30-18:00 Annual General Meeting
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KL1: Mitochondria-targeting Metallodrugs 

A. Erxleben a 
aNational University of Ireland, Galway, School of Chemistry, Galway (Ireland); andrea.erxleben@nuigalway.ie 

Abstract 

A few years ago the acronym ‘mitocan’ was coined for ‘mitochondria and cancer’.[1] 
Mitochondria, often referred to as the cell’s ‘powerhouses’, are not only responsible for the cellular 
energy production, but also play a fundamental role in cell death and survival signalling. In cancer 
cells the mitochondrial metabolism is deregulated. Impaired apoptosis, insensitivity to anti-growth 
signals and unlimited proliferation have been linked to mitochondrial dysfunction and the 
mitochondria have become important targets for cancer therapy. Mitochondria-targeting agents are 
able to bypass resistance mechanisms and to (re-)activate cell-death programs. Anticancer metal 
complexes that target the mitochondria can be classified as; (i) complexes that cause morphological 
damage, (ii) complexes that induce mitochondria-mediated apoptosis, (iii) complexes that interact 
with mitochondrial proteins and (iv) complexes that target mtDNA.  

Our group is particularly interested in the development of anticancer metallodrugs designed to 
target the translocator protein on the outer mitochondrial membrane. The translocator protein 
(TSPO) is a small transmembrane protein of 18 kDa located at the outer mitochondrial membrane 
and plays an important role in mitochondrial biochemistry and quality control, transport of heme 
precursors into the mitochondria, and the regulation of the mitochondrial energy metabolism. It acts 
as a molecular interplay linked to reactive oxygen species (ROS) signalling and its inhibition has been 
demonstrated to lead to cellular redox homeostasis imbalance and ultimately to cell death. It is 
abundant in peripheral organs such as lung, liver and kidneys and in the glial cells of the central 
nervous system. Importantly, it is overexpressed in various tumour types including colorectal, breast, 
prostate, ovarian and brain cancers.  

This Keynote Lecture gives an overview on our recent work on TSPO binding scaffolds modified 
with specific metal-binding entities for highly effective anticancer metal complexes.[2]  

The focus will be on (1) Pt(IV) pro-drugs that have a TSPO binder in an axial position and that 
exert cytotoxicity in MCF-7 cells via a multimodal mechanism combining the effects of DNA damage, 
depolarisation of the mitochondrial membrane potential, swelling and breaking down of the 
mitochondria and induction of oxidative stress due to enhanced ROS production and (2) redox active 
Cu complexes that can interact with TSPO and can cause oxidative DNA damage.  

References 

[1] J. Neuzil, L.-F. Dong, J. Rohlena, J. Truksa, S. J. Ralph, Mitochondrion, 2013, 13, 199. 

[2] L. Tabrizi, K. Thompson, K. Mnich, C. Chintha, A. M. Gorman, L. Morrison, J. Luessing, N. F. Lowndes, P. 
Dockery, A. Samali, A. Erxleben. Mol. Pharmaceutics, 2020, 17, 3009. 

 

 



 

 

OP1: 2D and 3D Anticancer Activity, DNA Binding and Cell 
Mechanistic Studies of  Estrogen-Functionalized Cu(II) Complexes 

 
Stephen Barrett,a Valentina Gandin,b Andrew Kellett,c Eithne Dempsey,a Andrea 

Erxleben,d Diego Montagnera 
aDepartment of Chemistry, Maynooth University, 

Ireland bDepartment of Pharmaceutical Science, 

University of Padua, Italy cDepartment of 

Chemistry,Dublin City University, Ireland 
dSchool of Chemistry, NUIG Galway, Ireland 

stephen.barrett@mu.ie 

 
Four novel estrogen-functionalized copper complexes are synthesized, characterized and 
investigated as electrochemical active DNA binding and cleavage agents.[1] These complexes 
contain simultaneously a biocompatible metal, center (Cu(II)), a planar aromatic ligand 
(phenanthroline, DPQ, DPPZ and DPPN) to increase the DNA intercalative properties[2] and an 
estradiol-derivative moiety that is used as delivery vector to target estrogen-receptor positive 
cancer cells (Figure 1 as example of DPPZ derivative).[3] The cytotoxic activity is studied over a 
panel of estrogen-receptor positive and negative human cancer cell lines by means of both 2D and 
3D cell viability studies. Electrochemistry studies allow to determine the redox potential of the 
Cu(II)/Cu(I) couple that is related to the production of ROS (Reactive Oxygen Species) responsible 
of the cleavage of the DNA phospho-diester bonds. Drug uptake is also evaluated, and the results 
correlate with the cytotoxicity data.[3] 

 

 
Figure 1. Structure and mechanism of action of the DPPZ derivative Estradiol-Cu(II) complex. 

 
References 

 
[1] S. Barrett, S. Delaney, K. Kavanagh, D. Montagner, Inorg. Chim. Acta 2018, 479, 261-265 
[2] Z. Molphy, A. Prisecaru, C. Slator, M. McCann, A. Kellett, Inorg. Chem. 2014, 53, 5392-540 
[3] S. Barrett, M. De Franco, A. Kellett, E. Dempsey, C. Marzano, A. Erxleben, V. Gandin, D. 

Montagner, J. Biol. Inorg. Chem. 2019, 25, 49-60. 
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OP2: Comparative study on the ferrocenyl- and styryl- based tungsten fisher 
carbene complexes towards antimicrobial photodynamic therapy 

 
Ashwene Rajagopal,a Suzanne McMahon, b Mary Pryce,b Deirdre Fitzgerald Hughesa 

aDepartment of Clinical Microbiology, RCSI Smurfit Building, Beaumont 
Hospital, Dublin 9. bSchool of Chemical Sciences, Dublin City University, Dublin 

9 ashwenerajagopal@rcsi.com 

Abstract 
The continuous use of antibiotics poses a huge threat by leading to an evolution of antibiotic 

resistant microbial strains. Antimicrobial photodynamic therapy (APDT) is a promising alternative 
to traditional antibiotics for the treatment of a broad spectrum of bacteria. Photoactive CO-
releasing (photoCORMs) molecules capable of effectively delivering bactericidal amount of carbon 
monoxide following excitation with light is an attractive avenue for APDT. Previous studies on 
photoactive tungsten fisher carbene based CO-releasing molecules have shown promising results 
as APDT.1 Currently we are investigating bimetallic tungsten fisher carbene complexes substituted 
with ferrocenyl groups. The donor-acceptor communication between the two-metal centers is 
exploited for its use as a photoCORM. The styryl substituted tungsten fisher carbene complex was 
synthesized and compared for antimicrobial activity. Investigations using picosecond time 
resolved infrared spectroscopy indicated that photochemical CO-loss from these complexes, and 
bulk electrolysis with headspace gas chromatography was used to quantify the electrochemical 
CO-loss.2 Bactericidal assays was performed on methicillin susceptible Staphylococcus aureus 
(MSSA, ATCC 25923) using both the ferrocenyl- and styryl- tungsten carbene complex under 
irradiation at 370 nm for 30 mins. A 3 log reduction in the bacterial colonies was observed for the 
ferrocenyl-carbene (for 50µM) whereas ~1.5 log reduction in bacterial colonies was observed for 
the styryl counterpart. The bimetallic photoCORM was bactericidal against Escherichia coli (ATCC 
25922) colonies. A bovine haemoglobin assay was performed to confirm that the CO released by 
these tungsten fisher carbene complex under irradiation was responsible for antimicrobial activity. 

 

Figure 1. Pictorial representation of the bactericidal assay using photoactivated CO-releasing molecule 
 

Acknowledgements 
MRCG/HRB Joint Funding Scheme 2018 funded this study 
References 
(1) McMahon, S.; Rajagopal, A.; Amirjalayer, S.; Halpin, Y.; Fitzgerald-Hughes, D.; Buma, W. J.; 

Woutersen, S.; Long, C.; Pryce, M. T. J. Inorg. Biochem. 2020, 208 (May), 111071. 
https://doi.org/10.1016/j.jinorgbio.2020.111071. 

(2) McMahon, S.; Rochford, J.; Halpin, Y.; Manton, J. C.; Harvey, E. C.; Greetham, G. M.; Clark, I. P.; 
 Rooney, A. D.; Long, C.; Pryce, M. T. Phys. Chem. Chem. Phys. 2014, 16 (39), 21230–21233. 
 https://doi.org/10.1039/c4cp03758h. 
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OP3: Mitochondrial Targeted Osmium Polypyridyl Probe Shows 
Concentration Dependent Uptake, Localisation and Mechanism of Cell 

Death. 
 

Karmel S. Gkika, Aisling Byrne, Tia E. Keyes 
 

Dublin City University (DCU), National Centre for Sensor Research, School of Chemical Sciences, Dublin 
(Ireland);karmel.gkika3@mail.dcu.ie 

Mitochondria play a central role in the metabolism of eukaryotic cells and mitochondrial 
dysfunctions are associated with several conditions and diseases such as inflammatory diseases.[1] 
Cancer cells exhibit various mitochondrial dysfunctions including change in energy metabolism 
and increased transmembrane potential. These dysfunctional changes are often associated with 
upregulation of NADP(H) oxidase and pro- apoptotic proteins, thus mitochondrial targeting has 
attracted significant attention, both from the perspective of imaging and tracking dysfunction but 
also from the perspective of medicinal chemistry in targeted cancer therapeutic strategies. [2,3] 

Our group has focused extensively on the development of peptide conjugated metal 
complexes with organelle targeting capability utilised for cellular imaging, intracellular sensing and 
photodynamic therapy. [4,5] Here, we present a luminescent Osmium (II)-mitochondrial targeting 
complex which shows concentration dependent organelle targeting in HeLa and MCF 7 cells.[6] This 
to our knowledge is the first metal complex baring two mitochondrial penetrating peptides (MPP) 
to be studied in cells and first MPP- driven Os(II) complex. The key advantages of Os(II) as imaging 
agents are their NIR emission and robust photostability and we demonstrate this in-cellulo. Co-
localisation studies with MitoTracker Red confirmed localization of the Os-probe within the 
mitochondria at concentrations below 50 μM. With increase in concentration, confocal imaging 
revealed nuclei localisation and extensive cell death. Studies on the cell death mechanism of OsII 
MPP showed an interesting switch between mitochondrial membrane depolarization and caspase 
activation. 

Figure 1 (A) Absorbance and emission spectra of OsII MPP (PBS buffer pH 7.4) (λexc 490 nm) and (B) CLSM images of 
live HeLa cells treated with OsII MPP at 50 μM/ 1 h and 30 μM/ 4 h in the absence of light at 37 
°C. 

Acknowledgements 
KSG and TEK gratefully acknowledge the Irish Research Council: IRC Government of Ireland Postgraduate 
Scholarship GOIPG/2016/702. This material is based upon work supported by Science Foundation Ireland under Grant No. [14/IA/2488] and 
[18/TIDA/5862]. 

References 

[1] M. R. Duchen, G. Szabadkai, Essays Biochem 2010, 47, 115. 

[2] A. Martin, A. Byrne, C. S. Burke, R. J. Forster, T. E. Keyes, J. Am. Chem. Soc. 2014, 136, 15300. 

[3] C. Sanchez-Cano et al., Chem. - Eur. J. 2017, 23, 2512. 

[4] Byrne, A.; Burke, C. S.; Keyes, T. E. Chem. Sci. 2016, 7, 6551. 
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OP4: DFT/TD-DFT Investigation on the Intrinsic Properties of Hemin 
Conjugates Binding to Nitric Oxide 

 
A. Abdo,a P. Farràsa,b and A.Pandit 

aCÚRAM, SFI Research Centre for Medical Devices, National University of Ireland Galway, Ireland  
b School of Chemistry, Ryan Institute, National University of Ireland Galway, Ireland  

A.abdo2@nuigalway.ie 
Abstract 
The real-time sensing of nitric oxide (NO), especially at the low physiological concentrations, is of 
paramount importance for studying its roles in various physiological processes and for fabricating 
specific therapeutics targeting NO.1,2 Hemin, the Fe(III)-porphyrin complex was reported to have 
binding affinity and selectivity towards NO via the formation of the bond between the Fe(III) and N 
atoms.3 However, the binding affinity was found to be further improved in the presence of 
aromatic rings surrounding the central Fe(III) atom. Accordingly, in the present study, hemin was 
conjugated to the biocompatible aromatic molecules, tyramine and tyrosine, via amide bond as well 
as to styrene via the vinyl group. This aims at the further development of a biocompatible NO-
scavenger/sensor. Herein, density functional theory (DFT) and time dependent-DFT (TD-DFT) 
methodologies were used to assess the stability of these conjugates and their affinity to bind NO. 
The geometries of all molecules were optimized using mixed basis sets with calculating the binding 
energies of the different molecular structures to NO and the thermochemical properties by 
frequency calculations and single-point energies at the levels of cc-PVTZ basis set. Next, the Natural 
bond orbital analysis, contributions of atoms to the different molecular orbitals, mainly the Highest 
Occupied Molecular Orbitals (HOMO) and Lowest Unoccupied Molecular Orbitals (LUMO), 
electrostatic potential and the electron density following binding to NO were computed. The 
different calculations compared the affinities of hemin and hemin conjugates to bind NO. It was 
found that the hemin conjugation could stabilize the bond between Fe(III) and NO, which was 
enhanced in the case of tyramine and tyrosine conjugation. On the other hand, hemin/styrene 
conjugate showed the weakest affinity towards scavenging of NO. These results confirm our recent 
experimental findings on the binding of NO to the different hemin conjugates. 

Scheme 1. Hemin binding to nitric oxide 

Acknowledgements 
The authors thank Science Foundation Ireland (SFI) and the European Regional Development Fund (Grant 
Number 13/RC/2073), the college of engineering and informatics, NUIG and the DJEI/ DES/ SFI/HEA Irish 
Centre for High-End Computing (ICHEC) for the provision of computational facilities and support. 
References 
[1] A.M. Alsharabasy, S.A. Glynn, A. Pandit.. Biochem Soc Trans 2020, doi: 
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PL1: The role of iron homeostasis in mold pathogenicity 

 

Ulrike Binder 

Institute of Hygiene and Medical Microbiology, Medical University Innsbruck, Austria 

ulrike.binder@i-med.ac.at 

 

Abstract: 

Iron is essential for life of all organisms and plays an essential role in the process of microbial 
infections, as microbes usually face iron limitation in the human host niche. Therefore, microbes, 
including filamentous fungi, have evolved complex mechanisms maintain iron homeostasis. This 
presentation will firstly give an overview on the clinical relevance and forms opportunistic mold 
infections, as well as patient cohorts at risk for these infections. Focus will be set on Aspergillus 
fumigatus, the most common mold causing invasive infections, and on Mucormycetes, an emerging 
group of pathogens. Fungal strategies to maintain iron homeostasis by balancing iron acquisition, 
storage and detoxification will be reviewed and links to virulence highlighted. Moreover, potential 
translational applications of the current knowledge for diagnosis and treatment options will be 
addressed. 

mailto:ulrike.binder@i-med.ac.at


 

 

FP1: Azide-Alkyne Click chemistry: a powerful tool for the 
synthesis of Pt(IV)- glycoconjugates anticancer pro-drugs 

 
Eoin Moynihana, Trinidad Velasco-Torrijosa, 

Diego Montagnera  

aDepartment of Chemistry, Maynooth University 

 eoin.moynihan.2016@mumail.ie 
 

Targeted-chemotherapy is becoming a very promising strategy to selectively deliver drugs to 
affected organs, leaving the healthy tissues largely unaffected. Increasing targeting for damaged 
tissues, is even more important for metal-based anticancer drugs whose poor selectivity has 
always been a major drawback (i.e. cisplatin). It is well known that the use of sugars (and glucose 
in particular) as vectors to target cancer cells, is a useful tool that can be exploited because rapidly 
dividing cancer cells require more nutrients and energy and they often overexpress sugar 
receptors on the cell membrane.1 There are many examples in literature where the coordination 
sphere of metal-based drugs has been functionalized with sugars with the aim to improve the 
selectivity versus cancer cells.2 In particular, glycoconjugates of Pt(II) complexes, cisplatin 
analogues, have been extensively studied3 while only few examples Pt(IV) pro-dug are reported.4 
In this project, we want to exploit the powerful and versatile tool of azide-alkyne click chemistry,5 
to create a library a Pt(IV)-glycoconjugates with different linkers. Glucose is modified with an azide 
group at C1 that can be later clicked to an alkyne linker that will act as a bridge between the sugar 
and the Pt(IV) scaffold. Several linkers will be explored and the prodrugs will be tested on 
different cancer cell lines (with different degree of expression of sugar receptors) in order to 
determine a SAR (Structure Activity Relationship). 

 
 

 

 
 

Figure 1. Structures of glycosylated-Pt(IV) complexes 
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FP2: Metallacarboranes as TNBC therapeutics  
 

N. Murphy,a,b Dr. Pau Farràs,a,b Dr. R. Dwyer,a,c Prof. A. Doved 
 

aNUI Galway, Centre for Research in Medical Devices, Galway (Ireland); bNUI Galway, School of 
Chemistry, Galway, (Ireland)3; cNUI Galway, Lambe Institute for Translational Research, Galway 

(Ireland); dUniversity of Birmingham School of Chemistry, Birmingham (United Kingdom); 
N.MURPHY30@nuigalway.ie 

 
Abstract 
Metallacarboranes are boron clusters answer to ‘sandwich complex’ metallocenes, a group of 

polyhedral cluster compounds comprising of carbon, boron, hydrogen and a metal centre. 

Properties such as high stability in biological systems, amphiphilicity and tuneability has seen 

interest in these molecules surge in recent times.1,2 Potential applications in anti-cancer and 

antimicrobial therapeutics are already being explored while both carborane and metallacarborane 

compounds have seen extensive testing as pharmacophores.3–6 This work investigates the efficacy 

of various metal centres (figure 1) in metallacarboranes against triple-negative breast cancer, 

which accounts for 20-25% of all breast cancers and has a generally poor prognosis.7 Methods to 

incorporate these compounds into drug delivery systems are also explored. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Metallacarborane analogues with iron, cobalt and nickel metal centre. 
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Abstract 
   
  A series of novel ruthenium (II) complexes were employed in this study 1,2. Their effects 

in vitro were investigated by screening the toxicological response of these compounds on a cancer 
based cell line A549 (Human lungs alveolar) with the aid of standard screening techniques. 
Intracellular sites of complex localization was verified with confocal fluorescent microscopy. A 
series of cell viability tests have been performed on to verify the potential cytotoxic response of 
ruthenium complexes. The Ru (II) compounds were also tested for their ability to regulate 
intracellular ROS (Reactive Oxygen Species) levels. Flow cytometry assays have been performed to 
investigate the influence of ruthenium complexes in regulating the distribution of A549 cells in 

three distinct cell cycle phases 3. Effect of ruthenium compounds on the mitochondrial membrane 
potential was investigated to determine the proposed mechanism of the induced toxicity followed 
by subsequent analysis to determine the expression of apoptosis related Bcl-2 family proteins 
(bcl2 and bax) and gamma H2AX (DNA damage response) to confirm the apoptosis mediated cell 
death. Further, the photoactivation studies were also conducted to investigate if the cytotoxic 
effect of ruthenium compounds is enhanced significantly as compared to toxic effect observed 
previously without photoactivation of compounds. 
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Abstract  
Photon upconversion is a phenomenon in which two low energy photons, are sequentially absorbed, and 
converted to a high energy photon. This photophysical process results in emission of light at a shorter 
wavelength than the associated excitation so offers exciting opportunities across a wide range of biological 
applications constrained by the biological optical window including in photodynamic therapy (PDT), and 
biological imaging.1 
 
In this contribution, a novel molecular system that shows efficient triplet triplet annihilation based photon 
upconversion (TTA-UC) is described that is effective under low illumination. 
 
Central to the efficiency of this system is a Ruthenium(II) complex with an excited state that has strong 
triplet ligand centered character. This promotes its function as a sensitizer which shows intense oxygen 
sensitive violet emission when combined in solution with annihilator, Scheme 1.2 The Sensitizer was 
modified with a lipid tail enables its reconstitution into liposome, which would be a path to biodelivery of 
the TTA-UC system and was investigated both in solution and liposome with different annihilators in terms 
of photophysics and sensing performance using fluorescence spectroscopic techniques.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1. Triplet Triplet Annihilation Upconversion using Ru-bqp-oct as sensitizer and 9,10-diphenylanthracene as 
annihilator upon 532 nm excitation. 
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Abstract 

Metalloproteins are critical cellular workhorses, catalyzing difficult but essential transformations that are 
required for functions as diverse as energy generation, metabolism, or signaling. One of the greatest 
unanswered questions of metalloprotein chemistry is how protein structure influences the active site to 
afford a desired activity. The interplay between protein structure and catalytic activity of these enzymes 
forms the foundation of our work. The protein may influence both the first coordination sphere (ligand 
type, number, and relative geometry) as well as the outer coordination environment. While native 
metalloenzyme studies provide valuable insights, interpretations of these systems are often inadequate 
because of the intricacy of the scaffold or the presence of multiple metal centers. Similarly, small molecules 
can afford insight on reactions but are often limited by the solvent or the synthetic complexity required to 
append functional groups. For this reason, we utilize an intermediate approach, de novo designed 𝛼𝛼-helical 
proteins, which are easily synthesized, water soluble, recapitulate native metalloprotein active sites well, 
and provide native-like folds that can be manipulated simply in order to limit the variables that are probed 
during our studies. With well-defined scaffolds, one can employ both canonical and non-canonical 
sequences as well as non-coded amino acids to expand the chemical landscape that may be explored 
beyond that which is available in native systems. In this presentation, studies focused on enhancing copper 
catalyzed nitrite reductase activity will be discussed. We will show how systematic modifications to first 
coordination sphere ligands, the immediate outer sphere environment as well as the helical pitch can lead 
to significant variations in observed activity. 
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Abstract  

Carbohydrates can confer metal complexes with many properties, including well-defined 
stereochemistry, water-solubility and targeted interactions with biomolecules, such as carbohydrate-
binding proteins. Carbohydrate–protein interactions are often key to the pathology of bacterial 
infections.[1] Use of carbohydrate-derived molecules in inorganic complexes allows some of these 
properties to be exploited in different ways. We have synthesised various new metal complexes in our 
research, which aim to benefit from carbohydrates’ potential therapeutic, diagnostic and catalytic 
behaviour. 
 

Firstly, we have synthesised a series of Ru(II)-centred glycoclusters, presenting four carbohydrate units 
in a three-dimensional way in order to target bacterial lectins.[2] The ability of these complexes to inhibit 
biofilm formation by Pseudomonas aeruginosa was assessed and found to be dependent on the 
carbohydrate motif. Building on this, we have also designed novel luminescent lanthanide-centred 
glycoclusters, aiming to detecting lectins associated with pathogenic bacteria, such as P. aeruginosa.  

Secondly, incorporating carbohydrate functionality into 1,2,3-triazolylidene N-heterocylic carbene 
scaffolds was investigated as a strategy to endow catalytically active organometallic complexes with some 
of the properties of carbohydrates.[3] Only a handful of carbohydrate–NHC transition metal complexes have 
been investigated,[4a] despite decoration of phosphine/phosphinite ligands showing significant promise in 
asymmetric catalysis.[4b] These complexes were competent as catalysts for transfer hydrogenation (Ru) and 
direct hydrogenation (Ir), the latter with modest enantiomeric excesses obtained from these chiral 
catalysts. The possibility of docking these complexes with hydrogenase from H. orenii was also explored.  
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Various carbohydrate-functionalised metal complexes discusssed 
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Abstract  
Triplex forming oligonucleotides (TFOs) are short strands of nucleotides which can hybridise to duplex DNA 
to form triple helical structures (Figure 1A).1 As triplex formation is sequence selective, there is significant 
interest in applying this technology for antigene therapy. In this work a primer extension (PEX) protocol2 
was utilised to enzymatically synthesise TFOs bearing an artificial metallo-nuclease (AMN).2, 3 Click 
chemistry4 was employed to covalently link metallodrugs to nucleotides, which were then enzymatically 
incorporated into the TFO strand by a DNA polymerase. These TFO-metallodrug hybrids can recognise and 
damage specific DNA sequences and therefore are capable of targeting a gene of interest. Real-time PCR 
(qPCR) and polyacrylamide gel electrophoresis (PAGE) protocols were developed to analyse and compare 
the activity of these sequence-selective hybrids. PAGE was employed to visualise the sequence specificity of 
the TFO-drug hybrids and to identify ‘on’ and ‘off’ targeting effects. Next, the DNA damaging capabilities of 
three TFO-hybrids, each bearing an AMN ligand (5N3-TPMA, 6N3-TPMA and 4N3-benzyl-DPA), was 
quantified by a specifically developed qPCR protocol; target DNA, post incubation with an AMN-TFO hybrid, 
was amplified in the presence of SYBR Green I and the resulting fluorescent signal was compared to that of 
the untreated controls. The AMN-TFOs can discriminate between target and off-target DNA and differences 
in the DNA damaging capabilities (Figure 1B) of each AMN ligand were observed. These results indicate that 
TFO-drug hybrids have the ability to overcome problems associated with non-targeted DNA binding 
metallodrugs and represent a potentially new class of gene knockout agents.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. A. Triplex formation; TFO binds its duplex target through hoogsteen hydrogen bonds. B. qPCR data showing 

the DNA damage resulting from incubation with 6N3-TPMA. 
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Abstract  
Previously used as an anti-cancer therapeutic, the semi-metallic element gallium (Ga3+) has 

regained interest as an antimicrobial drug, particularly for the treatment of resistant bacterial 
pathogens. Antimicrobial resistance is increasingly becoming a global health crisis, and necessitates 
the development of novel treatments. The chemical similarity of Ga3+ to ferric iron (Fe3+) under 
normal physiological conditions allows it to behave like an iron mimetic, thus disrupting bacterial 
iron metabolism- a vital component for growth.  

Gallium maltolate (GaM) is a water-soluble formulation of gallium composed of a central 
gallium cation bound to three maltolate ligands, [Ga(Maltol-1H)3]. The efficacy of GaM has been 
evaluated in vitro against Pseudomonas aeruginosa, an opportunistic pathogen of Cystic Fibrosis 
patients. Subsequent in vivo investigation using larvae of the greater wax moth, Galleria mellonella, 
demonstrated the low toxicity of the complex and ability to promote survival in P. aeruginosa-
infected larvae. To better understand the effect of GaM on P. aeruginosa, label-free quantitative 
proteomics was implemented. Analysis of the changes of the P. aeruginosa proteome revealed 
increased abundances of proteins associated with iron acquisition and storage, and decreases in 
quorum-sensing and swarming motility proteins. The latter are important virulence traits that 
contribute to the success of P. aeruginosa in establishing infection. The identification of altered 
proteins, and possible drug targets, aim to better inform the mechanisms of action adopted by GaM.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Volcano plot representing proteins upregulated (right) and downregulated (left) in P. aeruginosa treated 
with 1000 µg/ml GaM for 6 h. 
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Abstract  

Metal-based drugs are an important tool in the development of new chemotherapeutics. Gold 
compounds have been readily investigated as potential anticancer drugs due to their unique 
mechanism of action. Mitochondrial Thioredoxin reductase acts as a target for the soft gold(I) 
species, resulting in cell death through coordination.[1] In many cases, N-heterocyclic carbenes 
(NHCs) have been utilised as ancillary ligands to gold(I) complexes due to their high stability and 
strong σ-donor abilities.[2] Recent work in the Tacke group has employed these NHCs to develop 
gold(I) dithiocarbamato complexes as anticancer agents with IC50 values in the low micromolar and 
nanomolar range.[3] These results encouraged further investigation into diversifying the ligand trans 
to the NHC-gold(I).  

[4] series of neutral NHC-Au-L and cationic [NHC-Au-L]+ complexes have been developed with a 
variety of ligands: halides, carbenes, phosphines and alkynes.[4] The antiproliferative properties have 
been determined in order to evaluate the effect of different ligand classes on cytotoxicity. The 
candidacy of these complexes as chemotherapeutics was evaluated through in vitro MTT-based 
proliferation assays against the human colon cancer cell line HCT-116wt and the multidrug-resistant 
human breast cancer cell line MCF-7topo. Most complexes showed good cytotoxicity with IC50 values 
in the low micromolar range, while excellent nanomolar activity was achieved with the cationic 
biscarbene complexes and the iodido derivative.  
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Our NHC-gold(I) complex and some of the ligands studied in this work. 
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In recent years antimicrobial resistance (AMR) has become an increasing threat to the effective prevention 

and treatment of infections caused by bacteria, viruses and fungi. While pharmaceutical companies have 

been quite effective in producing antibiotics for the treatment of Gram positive infections, no new class of 

antibiotics have been developed for the treatment of Gram negative infections since the introduction of 

quinolones in 1968.1 Recently, hybrid molecules, formed by the conjugation of two or more existing 

pharmacophoric units have gained interest as potential antibiotic therapies.2 

 
Separately, substituted coumarin-3-silver(I) carboxylate omplexes3 and carbenes, more specifically, 

N-heterocyclic carbene ligands (NHC*) bound to silver(I)4 have been shown to exhibit antimicrobial activity. 

The conjugation of substituted coumarin-3-silver(I) carboxylate-based ligands to an NHC*, through the 

silver center is thought to increase the solubility of the target silver(I) complex in aqueous solutions, 

increase the stability of the complex and also exhibit enhanced biological activity against Gram-negative 

bacterial infections. 
 

The synthesis of these complexes has been investigated using standard schlenk technique.4 

However, due to the low solubility of substituted coumarin-3-silver(I) carboxylate complexes in organic 

solvents, the synthesis of the target complexes has proved challenging. In an attempt to overcome the 

solubility issues related to the coumarin-3-silver(I) carboxylate moiety, synthesis of the target compounds 

via an ion-exchange route was devised. 
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Abstract  

While antibiotic-resistant bacterial infections are a widely recognised global health threat, 
much less media attention has been given to drug-resistant fungal infections. However, globally more 
than 300 million people suffer a serious fungal infection causing over 1,350,000 deaths.[1] For 
example, the fungus Candida is a leading cause of healthcare-associated bloodstream infections in US 
hospitals.[2] So it is of great concern that it has been reported that some types of Candida are 
becoming increasingly resistant to first-line and second-line antifungals. Clearly new therapeutic 
agents are required and work in our group focuses on designing antimicrobial metal complexes with 
different modes of action to existing therapeutics.  

Previous work in our group has reported a phenanthroline-oxazine ligand with atypical DNA 
binding abilities against the bacteria S. aureus using copper(II) complexes.[3] We extended these 
studies to investigate the activity of silver complexes containing this ligand (Figure 1) against C. 
albicans. We will present data on the synthesis and characterisation of the ligands (R = methyl, propyl, 
hexyl, octyl) and novel silver complexes that have been prepared and characterised. We are 
investigating the solution stability of the complexes. In addition, results will also be presented on both 
testing the complexes for their activity against C. albicans and the in vivo toxicity of the compounds 
using the G. Mellonella larvae.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Silver complex of L-Tyrosine R ester phenanthroline-oxazine, where R = alkyl chain 
 
Acknowledgements  
We gratefully acknowledge funding to CE from the Summer Programme for Undergraduate Research (SPUR) 
scholarship at Maynooth University and postgraduate funding from the Irish Research Council and an MU PhD 
scholarship to SW.  
References  

1. Brown GD, Denning DW, Gow NA, Levitz SM, Netea MG, White TC. Sci. Transl Med., 2012, 4, 165rv113. 
2. Magill SS, Edwards JR, Bamberg W, The New England Journal of Medicine, 2014, 370, 1198.  
3. M. McCann, J. McGinley, K. Ni, M. O'Connor, K. Kavanagh, V. McKee, J. Colleran, M. Devereux, N. 

Gathergood, N. Barron, A. Prisecaru, A. Kellett, Chem Commun., 2013, 49, 2341. 

mailto:clara.evans.2017@mumail.i
mailto:sinead.ward.2017@mumail.ie


 

 

 
 

FP7: Synthesis and Characterization of a Novel Mixed-Metal Organic Framework 
Used as Non- Toxic Drug Carrier 

 
Winterlich, C. G. Efthymiou, P. McArdle, C. Papatriantafyllopoulou  

aCuram, SFI Research Centre for Medical Devices 
School of Chemistry, National University of Ireland, Galway, Ireland 

 
m.winterlich1@nuigalway.ie 

 
With metal organic frameworks, MOFs, having attractive properties such as large surface area, tunable 

pore size and large variety of metals and ligands that used, they have become a highly researched area in 

recent years. One area of MOFs that has not been as commonly explored is their use in biomedical 

applications. By choosing biocompatible ligands and metals, MOFs can be used to address current 

pharmaceutical problems such as the burst effect, toxicity and biocompatibility. MOFs can be used to 

encapsulate the API, acting as a drug carrier, protecting it. 
 
A novel multi-metal MOF, [ZnNa2(L1)]n (L1 = benzophenone 4,4'-dicarboxylic acid) will be presented. This 

MOF has shown an exceptionally high ibuprofen loading capacity (3000 mg Ibu/g MOF) as well as controlled 

drug release properties, beating the current record of 1.4g of ibuprofen/1g of MIL101. The biological cyto 

toxicities of the framework will also be presented. This work will show MOFs can be ideal candidates for a 

targeted, controlled delivery system for several drugs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. a) Structure of MOF using XRD b) drug encapsulation with XRPD 
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Abstract  
Ru(II)polypyridyl complexes are powerful DNA probes for both diagnostic and therapeutic applications.1 
These ruthenium(II) polypyridyl complexes have been shown to bind strongly to DNA sequences through an 
intercalation mechanism.  
Time-resolved infrared (TRIR) spectroscopy is a powerful tool for studying photosensitised binding to non-
canonical DNA processes, as the base vibrations report on hydrogen bonding and stacking interactions. In 
addition to the formation of intermediates and photo-product.2 Furthermore, this technique has been 
utilised to make use of a phenomenon known as the site effect.3 This effect relates to characteristic bleach 
bands (in the region of 1600-1800 cm-1) in the TRIR spectra, which report on the base region in which the 
Ruthenium polypyridyl probe is bound. Ruthenium polypyridyl complexes have also been shown to bind 
strongly to quadruplex forming sequences.4 Recent studies in the Quinn group have used the site effect to 
distinguish between binding in the loop region and G-tetrad stacking interactions of the complex 
[Ru(phen)2(dppz)], with different human telomer quadruplex conformations.5 

 
This presented work has modelled the structural binding interactions of the complex [Ru(phen)2((dppz-
11,12-CN2)], with different human telomer quadruplex structures. In addition, the sensitivity of the 
transient nitrile vibrational band (2100-2500 cm-1) in the excited state, to its environment has been 
exploited, to probe the nature of the enantiomeric binding sites. 
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Fig. 1 (a) The effect on (transient nitrile) IR vibrational band in the presence of varying DMSO:water ratios and DNA 
systems in H2O ( exc=400 nm), (b) [Ru(phen)2(dppz-11,12-CN2)] used in this work and (c) highest binding site 
theoretically found for - [Ru(phen)2(dppz-11,12-CN2)] binding to hybrid AGGG(AGGGTT)3 G-quadruplex 
conformation, stabilised by K+ ions. 
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Experiment: Producing a Facemask That Would Deactivate a Coronavirus 
 
Apparatus: Balance, Reflux Apparatus, Filter Assembly (Glass Coffee Pot and Coffee Filter Paper), Kitchen 
Washing Machine, Kitchen Gas Cooker, Stainless Steel Vat, 3 Large Plastic Basins, Cotton Cloth (400 
thread), Elastic, Sewing Machine 
 
Chemicals: Tap Water, Cooking Fat (Lard), Sodium Hydroxide, Copper(II) Sulphate Pentahydrate 
 
Background Reading: First Year Undergraduate Chemistry Notes 
 
 
Result: 96% Deactivation of Feline Coronavirus 
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KL2: TAP keeps on flowing; Ruthenium Polypyridyls and DNA since the 1980s 
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aSchool of Chemistry, Trinity College Dublin, Dublin 2, Ireland; bSchool of Chemistry, University College 
Dublin,Dublin 4 Ireland 

Abstract 

While 1,4,5,8-tetraazaphenanthrene (TAP) and 1,10-phenanthroline (phen) ruthenium 
complexes are roughly isomorphic they have quite different photophysical properties, which change 
their photochemical behavior when bound to DNA, as has been recognized for many years.1 This 
arises because the TAP compounds can photo-oxidise guanine, giving rise inter alia to  enhanced 
strand-cleavage of DNA and photoadduct formation. Dipyrido[3,2-a:2’,3’-c]phenazine complexes 
[Ru(L)2(dppz)]2+  (L = TAP or phen) intercalate into DNA (as has been shown by crystallography by the 
Cardin group2). We have extensively examined their excited state behavior using transient 
spectroscopic methods,2-4 including time-resolved mid-infra-red (TRIR) and have shown that this 
technique also provides a valuable method for identifying the binding site in mixed sequence DNA3 
or in quadruplex DNA4.    Derivatives of [Ru(L)2(dppz)]2+ and [Ru(L)2(phenNHCOR)]2+  complexes are 
taken up by HeLa cells and can cause light-activated cell death.5 

    (a)              (b)          

Figure. (a)  Example of TRIR spectra of [RuTAP)2(dppz)]2+ bound to oligonucleotides3  (b) uptake of 
[Ru(L)2(phenNHCOC21H43)]2+ into HeLa cells.5 
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Abstract 

The Hedgehog (Hh) pathway regulates cell differentiation, cell proliferation and stem cell maintenance 
during embryonic development. Although usually silent in adult tissues, abnormal Hh signalling does occur and is 
strongly associated with carcinogensis. The Hh pathway has been implicated in the maintenance and differentiation of 
cancer stem cells (CSCs), which have recently emerged amongst cancer researchers as a key driving factor for tumour 
growth, tumour resistance to drug treatment, metastasis, and tumour regrowth following treatment.[1] 

Small molecule, GANT61, inhibits the Hh pathway by reducing the transcriptional activity of proteins Gli1 and 
Gli2. It exhibits antiproliferative/antitumour activity in vitro and in vivo.[2] GANT61 hydrolyses under physiological 
conditions to give 4-pyridine carboxaldehyde (4-PCA) and the bioactive diamine derivative (GANT61-D), which is 
responsible for the inhibition of Gli-mediated transcription.[2] GANT61-D is not only an interesting biomolecule, but 
also has the structural properties to act as a multidentate ligand owing to the presence of four N-donor atoms. The 
hydrolysis of GANT61 also provides the basis to develop a metal-based bifunctional drug candidate, whereby the metal 
complex can treat bulk cancer cells and GANT61-D can be released in vivo to target cancer stem cells, in order to 
deliver a fully effective cancer treatment. 

The synthesis and characterisation of a series of metal (Ni, Pd, Pt, Ru) complexes of GANT61-D will be 
reported together with their in vitro cytotoxic activity against medulloblastoma cell lines.(3) In addition, the 
development of Ru-based NAMI and NAMI-A type complexes, incorporating GANT61 as the N-donor ligand, will be 
described with an account of their antimetastatic activity and anticancer activity against in vitro cancer stem cell 
models. 

 

 

 

Scheme 1. The hydrolysis of GANT61 to GANT61-D and 4-PCA 
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