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A Warm Welcome to RCSI 

 

Founded as the national training body for surgery in Ireland, RCSI has been at the 

forefront of healthcare education since its establishment in 1784. Today, we are an 

innovative, world-leading international health sciences education and research institution 

offering education and training at undergraduate, postgraduate and professional level. A 

deep professional responsibility to enhance human health through endeavour, innovation 

and collaboration in education, research and service informs all that we do. 

 
 
On behalf of the Local Organising Committee, a very warm welcome to RCSI and to this, 

the 3rd symposium of the Irish Biological Inorganic Chemistry Society (IBICS-3).  

 

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 two successful symposia; the first jointly 

delivered by MU and DIT Kevin Street (now TU Dublin) in November 2017 and the second 

by NUIG in November 2018.  

 

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-3 symposium will include plenary lectures by Professor Sigríður 
Suman (University of Iceland) and Professor Graeme Walker (University of Dundee). The 

IBICS-3 programme also includes a number of keynote lectures, alongside oral and flash 

presentations by early stage researchers and PhD students. There will be prizes for oral 

and poster presentations. 
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We are particularly delighted to be launching the Society’s inaugural postgraduate award 

during IBICS-3. The recipient has distinguished themselves across a range of criteria 

throughout their PhD. Their research performance, achievements and impact in the field 

of medicinal and biological inorganic chemistry are to be commended. There was an open 

call for this award, followed by an independent review process. The standard of 

applications was extremely high.  

We are also pleased to report that this Society is growing in membership. It received 

charity status earlier this year. Its mission statement is well defined. Its GDPR policy has 

been developed and circulated to all members. We hope you like the IBICS logo which 

was also recently developed. The IBICS Committee is currently working on the 

development of the IBICS website which will be launched shortly.  

 

Please note that the IBICS AGM will take place immediately following the symposium and 

in advance of the wine reception. We do hope that as many members as possible will be 

free to attend.  

 

May we also take this opportunity to acknowledge our sponsors; the Institute of Chemistry 

of Ireland, the Royal Society of Chemistry, Dalton Division, Apex Scientific, AnaLab, 

Gilson, VWR, Lennox and RCSI. 

 

We are very much looking forward to seeing you in RCSI on Friday, 29th November. We 

sincerely hope you enjoy IBICS-3. 

 

Kind regards, 

 

Professor Celine Marmion 

On behalf of the Local Organising Committee 

 

Professor Celine Marmion (chair), Dr Darren Griffith, Dr Deirdre Fitzgerald Hughes,  

Dr Ziga Ude, Ms Aisling Ryan 
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General Information 
Venue  

The symposium will be held in the Royal College of Surgeons in Ireland (RCSI), 123 
St. Stephen’s Green, Dublin 2, D02 YN77. The building can be accessed via the entrance 
on York St., which leads into the foyer. Registration will be held in the foyer. 

Plenary, keynote, and oral lectures, as well as flash presentations, will be held in the 
Cheyne Lecture Theatre, next to the foyer. 

Poster presentations will take place in the Examination Hall on Floor 1, where lunch will 
also be served throughout the session. 

The coffee break and the wine reception will be hosted in the 1784, which is downstairs 
from the Cheyne LT. 
 

Travel 

RCSI St. Stephen’s Green campus is conveniently located in the heart of Dublin’s city 
centre, directly next to the St. Stephen’s Green luas stop, on the luas green line. 

Train 

 Arriving into Heuston Station please find the Heuston red line luas stop directly 
outside the station. Take the luas in the direction of The Point, alighting at the 
Abbey Street stop (approx. 10 mins).  

 Arriving into Connolly Station please find the Connolly red line luas stop directly 
outside the station. Take the luas in the direction of Tallaght or Saggart, alighting 
at the Abbey Street stop (less than 5 mins).  
 
At Abbey Street walk to the Marlborough green line luas stop (in the direction the 
luas is travelling, less than a minute down the road turn left and walk another ca. 
30 seconds to the stop.) At the Marlborough stop get any green line luas 
(Sandyford or Brides Glen) and alight at St. Stephen’s Green (approx. 10 mins 
depending on traffic). RCSI is directly in front of the St. Stephen’s Green stop. 

Bus 

 Buses terminating at Busáras please find the Busáras red line luas stop outside 
the station. Take the luas in the direction of Tallaght or Saggart, alighting at the 
Abbey Street stop (less than 5 mins). Please see above for directions from Abbey 
Street. 

 Buses terminating on or near O’Connell St. can avail of the Parnell or Marlborough 
green line luas stops. Get any green line luas in the direction of Sandyford or Brides 
Glen and alight at St. Stephen’s Green. RCSI is directly in front of the St. Stephen’s 
Green luas stop. 
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Registration Fees 

The symposium is open and free to IBICS members. For non-members, registration is 

the cost of the annual membership fee. The membership renewal date will be held on 

Friday, November 29th 2019, coinciding with the symposium. Delegates may renew their 

membership or join the society during registration. Fees have been retained at €30 for 
academics, €20 for postdocs and €10 for postgrads/undergrads. The registration desk 

will be located in the foyer of 123 St. Stephen’s Green, from 10:00 – 10:45. Payments 

can be made by cash, cheque or bank transfer. Bank transfer details will be shared upon 

request. For any queries related to payment of fees/membership, please directly contact 

the IBICS treasurer, Prof. Orla Howe (orla.howe@dit.ie). We kindly thank our sponsors 

for their contributions. (The Institute of Chemistry of Ireland, Apex Scientific, AnaLab, 

Gilson, VWR, Lennox, the Royal Society of Chemistry, Dalton Division, RCSI.) 

 

Oral Presentations and Posters 
Speakers for all sessions are kindly requested to upload their presentation slides to the 

desktop in the Cheyne LT during registration (10:00 – 10:45). 

Please set up posters any time before the poster session (12:30 – 14:00). The poster 

boards will be located in the Examination Hall, Floor 1. Please remove all posters at the 

end of the symposium. 

 

IBICS Annual General Meeting 
Please note that the Irish Biological Inorganic Chemistry Society (IBICS) Annual General 

Meeting (AGM) will be held at the end of the symposium (18:20 – 19:00) in the Cheyne 

Lecture Theatre. The AGM is open to all registered IBICS members. The wine reception 

will follow (19:00 – 20:00), and will be held in 1784.  

 

Social Media 
We would love to follow your experience of the IBICS-3 symposium across social media, 
especially Twitter! Please use the hashtag #IBICS3 to share your posts throughout the 

day. 
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Plenary Lectures – Speaker Profiles 

 

  

Graeme Walker completed his PhD in Yeast Physiology in 1978 from Heriot-Watt 
University, Edinburgh. He was conferred DSc by Abertay University in 2004 and is a 
Fellow of the Institute of Brewing & Distilling. He has held academic positions in New 
Zealand, Ireland and Scotland. He is currently Professor of Zymology at Abertay 
University (Dundee, Scotland) where he directs a yeast research group. He has published 
over 200 articles and has authored several textbooks, including Yeast Physiology & 
Biotechnology, Bioethanol and The Alcohol Textbook. Professor Walker acts as 
consultant for international brewing, biofuel and yeast biotechnology companies. 

 

 

 
Sigríður G. Suman completed her PhD in Inorganic Chemistry in 1995 from University 
of Michigan, Ann Arbor, MI. She continued her academic career in industry as a 
postdoctoral fellow and remained in industry until she returned to the University of Iceland 
Reykjavik, Iceland, where she was awarded an associate professorship in 2012. 
Professor Suman is also the founder, chief technology officer and contact person of a 
start-up company founded to advance development of an emergency treatment for 
cyanide poisoning. She has published numerous research articles in the area of 
bioinorganic chemistry, catalysis and organometallic chemistry. Professor Suman also 
holds 14 awarded patents in the area of homogeneous catalysis and cyanide poisoning 
treatment development. 
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Keynote Lectures – List of Speakers  

 
Matthias Tacke 

University College Dublin (UCD) 

Targeted versus Non-Targeted Anticancer Drugs – Is a Golden Age Approaching? 

 

 

Andrew Kellett 

Dublin City University (DCU) 

Polynuclear Metallodrug-DNA Interactions: New Therapeutic and Gene-Directed 
Applications 

 

 

Deirdre Fitzgerald Hughes 

Royal College of Surgeons in Ireland (RCSI) 

Organometallic Chemistry Meets Clinical Microbiology: Novel therapeutics for Diabetic 
Foot Infections 

 

 

Aidan McDonald 

Trinity College Dublin, University of Dublin (TCD) 

Mimicking class Ib dimanganese ribonucleotide reductase 

 

 

Tia Keyes 

Dublin City University (DCU) 

Strategies for cell permeation and targeting of metal complexes as luminescent probes 
for imaging and phototherapeutics. 

 



 

7 
 

IBICS-3 Scientific Programme 
 
10:00‐‐10:45 Registration (RCSI foyer, 123 SSG) 

10:45‐‐11:00 Opening – Chairperson: Celine Marmion (Cheyne LT) 

 
Session 1 ‐‐ Chairperson: Kevin Kavanagh (Cheyne LT) 

11:00‐11:45 Graeme Walker - University of Abertay, Scotland 

‘Role of metals in yeast physiology’ (Apex-Gilson PL1) 

11:45‐12:00 Tadhg O'Leary ‐ Technological University Dublin 

‘Evidence for reactive oxygen species dependent RNA degradation as a mechanism of action of 
novel cytotoxic copper and manganese Phenanthroline based developmental therapeutics’ (OP1) 

12:00‐12:25 Matthias Tacke ‐ University College Dublin 

‘Targeted versus Non-Targeted Anticancer Drugs – Is a Golden Age Approaching? (KL1) 

 

12:30‐‐14:00 Lunch and Poster Session (Examination Hall, Floor 1) 

 

Session 2 ‐‐ Chairperson: Bernadette Creaven (Cheyne LT) 

14:00‐14:45 Sigríður Suman - University of Iceland 

‘Catalytic Cyanide Detoxification Route by a Molybdenum Complex; Reaction Mechanism and 

Biological Studies’ (PL2) 

14:45‐15:10 Andrew Kellett ‐ Dublin City University 

‘Polynuclear Metallodrug-DNA Interactions: New Therapeutic and Gene-Directed Applications’ 
(KL2) 

15:10‐15:35 Deirdre Fitzgerald Hughes ‐ Royal College of Surgeons in Ireland 

‘Organometallic Chemistry Meets Clinical Microbiology: Novel therapeutics for Diabetic Foot 
Infections’ (KL3) 

 
Session 3 ‐‐ Chairperson: Ziga Ude (Cheyne LT) 

15:35‐15:40 Meghan Winterlich ‐ National University of Ireland Galway 

‘Synthesis and Characterization of a Novel Mixed-Metal Organic Framework Used as a Non- 
Toxic Drug Carrier’ (FP1) 

15:40‐15:45 Stephen Barrett ‐ National University of Ireland Maynooth 

‘Estrogen-Copper(II) complexes as targeted anticancer metal-based drugs’ (FP2) 
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15:45‐15:50 Dorottya Krizsan ‐ University College Dublin  

‘Spectroscopic Study of the Binding Interactions of Non-Canonical DNA by a New Ruthenium 
Polypyridyl Probe’ (FP3) 

15:50‐15:55 Lorna Doyle ‐ Trinity College Dublin 

‘Biomimetic Dimanganese Complexes and Their Reaction with Superoxide’ (FP4) 

15:55‐16:00 Mark Stitch ‐ University College Dublin 

‘Ultrafast Dynamics of a Ruthenium Polypyridyl Vibrational Stark Probe in Solution and Bound to 

DNA sequences’ (FP5) 

16:00‐16:05 Neville Murphy ‐ National University of Ireland Galway 

‘Metallacarboranes as TNBC therapeutics – Neville Murphy’ (FP6) 

 
16:05‐‐16:30 Coffee Break (1784) 

 
Session 4 ‐‐ Chairperson: Darren Griffith (Cheyne LT) 

16:30‐16:55 Aidan McDonald ‐ Trinity College Dublin 

‘Mimicking class Ib dimanganese ribonucleotide reductase’ (KL4) 

16:55‐17:10 Megan O’Shaughnessy - Technological University Dublin 

‘The potential of metal complexes with 1,10-phenanthroline and dicarboxylate ligands as anti-

biofilm agents against Pseudomonas aeruginosa isolated from Irish Cystic Fibrosis patients’ 

(OP2) 

17:10‐17:25 Hollie Jenkins ‐ Technological University Dublin 

‘Synthesis of Copper(II) Complexes of Coumarin-Derived Schiff Bases: Stability and Cytotoxicity 
studies’ (OP3) 

17:25-17:50 Tia Keyes – Dublin City University 

‘Strategies for cell permeation and targeting of metal complexes as luminescent probes for 
imaging and phototherapeutics’ (KL5) 

 
Session 5 – Chairperson: Orla Howe (Cheyne LT) 

17:50-18:10 Presentation of the IBICS Postgraduate Award 2019 and Award Lecture (AL) 
 
Session 6 – Chairperson: Celine Marmion (Cheyne LT) 

18:10-18:20 Award Ceremony and Closing 
18:20‐‐19:00 IBICS-3 AGM (Cheyne LT) 
19:00‐‐20:00 Wine Reception (1784) 
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Apex-Gilson PL1 

Role of Metals in Yeast Physiology 

G. Walker 

School of Applied Sciences, Abertay University, Dundee, Scotland; g.walker@abertay.ac.uk 
 
Abstract 
This presentation will firstly summarise the importance of yeasts, in particular the species Saccharomyces 
cerevisiae, as the premier microbes of industrial biotechnology and will highlight the diversity of  products 
now obtainable through yeast metabolic activities. For yeast survival and metabolism, numerous inorganic 
nutrients are vital and bulk and trace metals that are essential for yeast physiological functions will be 
reviewed, together with the detrimental influence of toxic metals. Following membrane translocation of  
metals by yeast cells, many intracellular enzymes are subsequently activated by specific metal ions and 
emphasis will be placed on the key metabolic roles of magnesium and zinc. Enzymes requiring such metal  
co-factors are essential for yeast cell cycle progression and for energy-yielding metabolism. Regarding 
fermentation metabolism by yeast, the impact of key metals such as Mg, Ca and Zn will be discussed, 
including the influence of metal ion bioavailability on alcohol production by S. cerevisiae. In addition, 
minimising environmental stress on yeast cells is crucial for their successful indus trial exploitation in 
fermentation processes, and metals playing important roles in yeast stress mitigation will also be covered. 
This presentation will highlight important yeast-metal interactions that are central not only for yeast cells at 
a fundamental physiological level, but also at a practical level for yeast metabolic activi ties in large -scale  
fermentors 
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PL2 

Catalytic Cyanide Detoxification Route by a Molybdenum 
Complex; Reaction Mechanism and Biological Studies 

S. G. Suman 
University of Iceland, Science Institute, Reykjavik (Iceland); sgsuman@hi.is 

 
Abstract 
Cyanide detoxification in vivo is most often accomplished with stoichiometric doses of Co(II) based chelators 
such as Kelocyanor or Hydroxocobalamin.[1] Enzyme catalyzed conversion of cyanide to thiocyanate by the 
metal-free rhodanase enzyme is well documented.[2] Water-soluble complexes capable  of  catalyzing the  
conversion of cyanide to thiocyanate were studied as potential catalytic drugs for treatment of cyanide 
poisoning. The catalytic conversion of the complexes was found to be dependent on the sulfur donor 
concentration and independent on the cyanide concentration. Key factors for a successful treatment are  a 
combination of aqueous solubility and catalytic efficiency.  
Cytotoxicity of a series of complexes was studied as well as in vivo toxicity via a dose escalation study.[ 3 ]  A 
preliminary pharmacokinetic profile of a selected compound was obtained using ICP-OES, and survival 
studied at lethal HCN dose in a mouse model.[4] 
 
 
References 
[1] S. G. Suman, J. M. Gretarsdottir, Met. Ions Life Sci., 2019, 19, 359. 
[2] K. R. Leininger, J. W., J. Biol. Chem., 1967, 243, 1892. 
[3] J. M. Gretarsdóttir, S. Bobersky, N. Metzler-Nolte, S. G. Suman, J. Inorg. Biochem., 2016, 160, 166. 
[4] L. A. Hancock, “In vivo Analyses of a Mo2O2S4 -Based Metallodrug”, MS Thesis, University of Iceland, 2018. 
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KL1 

Targeted versus Non-Targeted Anticancer Drugs – Is a Golden Age Approaching? 

M. Tacke 
University College Dublin, Department of Chemistry, Belfield, Dublin 4 (Ireland); matthias.tacke@ucd.ie 

 
Abstract 

Targeted delivery of potent cytotoxic drugs to cancer cells is believed to minimise systemic toxicity and 
to moderate strong side effects. NHC*-Au-Cl has already been proven to be a potent anticancer agent based 
on the stabilising and lipophilic properties of the 1,3-dibenzyl-4,5-diphenyl-imidazol-2-ylidene (NHC*) 
ligand.[1] One possibility is the chemoselective thiosugar conjugation to NHC*-Au-Cl in order to have active  
uptake of the resulting NHC*-Au-SR primarily into tumour tissue through the Warburg effect.[2,3] In addition, 
a strategy based on chemoselective cysteine conjugation of NHC*-Au-Cl to human serum albumin or 
Trastuzumab to potentiate drug-ligand ratio, pharmacokinetics, as well as drug efficacy and safety is 
presented.[4] These strategies are essential steps forward towards the use of gold-based anticancer agents as 
targeted therapies. It is discussed whether targeted delivery of gold-based anticancer drugs is superior to a 
classical so called non-targeted approach and the suitability of such compounds as single agent cytotoxic 
drugs against various solid tumors.[5-7] 

 

Au
N

N
S

O

OAc

OAc

OAcAcO
Au

N

N
Cl

  

Figure 1. The structures of NHC*-Au-Cl and two NHC*-Au-SR bioconjugates. 

 
Acknowledgements 
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References 
[1] M. Tacke, O. Dada, C. O’Beirne, X. Zhu, H. Müller-Bunz, Acta Cryst., 2016, C72, 857.  
[2] F. Hackenberg, H. Müller-Bunz, R. Smith, W. Streciwilk, X. Zhu, M. Tacke, Organometallics, 2013, 32, 5551. 
[3] O. Dada, G. Sánchez-Sanz, M. Tacke, X. Zhu, Tetrahedron Lett., 2018, 59, 2904. 
[4] M. Matos, C. Labão-Almeida, C. Sayers, O. Dada, M. Tacke, G. J. L. Bernardes, Chem. Eur. J., 2018, 24, 12250. 
[5] W. Walther, D. Althagafi, D. Curran, C. O’Beirne, C. Mc Carthy, I. Ott, U. Basu, B. Büttner, H. Müller -Bunz, G. 

Sánchez-Sanz, X. Zhu, M. Tacke, Cancer Lett., 2019, in preparation. 
[6] W. Walther, O. Dada, I. Ott, A. Prochnicka, B. Büttner, X. Zhu, M. Tacke, Trends in Cancer Research, 2018, 13, 63. 
[7] W. Walther, O. Dada, C. O’Beirne, I. Ott, G. Sánchez-Sanz, C. Schmidt, C. Werner, X. Zhu, M. Tacke, Letters in Drug 

Design & Discovery, 2017, 14, 125. 
 
 
 



3rd Symposium of the Irish Biological Inorganic Chemistry Society – IBICS-3 
Friday, 29th November 2019, Royal College of Surgeons in Ireland (RCSI) 

 
14 

KL2 

Polynuclear Metallodrug-DNA Interactions:  
New Therapeutic and Gene-Directed Applications  

A. Kellett 
School of Chemical Sciences and National Institute of Cellular Biotechnology, Dublin City University, Glasnevin,  

Dublin, Ireland. E-mail: andrew.kellett@dcu.ie  
 

Abstract 
The formation of metal-catalysed radicals in the vicinity of nucleic acids contributes significantly to the fie ld 
of DNA damage and can be applied to develop new therapeutic cytotoxins and gene editi ng tools.  Our work 
on the design of new inorganic materials reveals that ( i.) nuclearity,[1] (ii.) geometry,[2] and (iii.) redox 
activity[3] play major roles in nucleic acid recognition and reactivity.  In this talk I will describe the application 
of these synthetic agents as therapeutic leads for the treatment of human cancer, as new reagents for 
protein engineering,[4] and as new gene knockout agents generated via nucleic acid click chemistry.[5]  

 

 
 
Acknowledgment: This work was supported by Science Foundation Ireland (15/CDA/3648) and SFI Centres SSPC-PharM5 and 
CÚRAM, the Irish Research Council (IRC), and the Marie Skłodowska-Curie Innovative Training Network ClickGene (H2020-MSCA-ITN-
2014−642023).  
 
References: 
[1] (a.) Prisecaru, A., Barron N., Kell ett, A. et al., Chem. Comm. 2012, 48, 6906; (b.) Molphy Z., Montagner D., Bhat S., 

Slator C., Long C., Erxleben A., Kellett A. Nucleic Acids Res., 2018, 46, 9918; (c.) Slator C., Molphy Z., Long C., McKee 
V., Brown T., Kellett A. Nucleic Acids Res., 2018, 46, 2733-2750. 

[2] (a.) Farrell, N.P., Will iams, L.D. et al., J. Am. Chem. Soc., 2006, 128, 16092; (b.) Prisecaru, A., Kellett, A., Farrell  N.P. 
et al., Nucleic Acids Res. 2014, 42, 13474. (c.) Kellett, A., Molphy, M., Slator, S., McKee, V., Farrell, N.P. Chem. Soc. 
Rev., 2019, 48, 971. 

[3] (a.) Slator C., Molphy Z., McKee V., Kellett A. Redox Biol., 2017, 12, 150-161; (b.) Slator C., Howe O., Barron N., 
Kellett A. ACS Chem. Biol., 2016, 11, 159–171; (c.) Zuin Fantoni N., Molphy Z., Slator C., Menounou G., Toniolo, G., 
Mitrikas G., McKee V., Chatgil ialoglu C., Kellett A. Chem. Eur. J., 2019, DOI: 10.1002/chem.201804084. 

[4] Larragy R., Fitzgerald J., Prisecaru A., McKee V., Leonard P. and Kellett A. Chem. Commun., 2015, 51, 12908-12911. 
[5] http://www.clickgene.eu/  
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KL3 

Organometallic Chemistry Meets Clinical Microbiology: Novel therapeutics for 
Diabetic Foot Infections 

A. Rajagopala, L. Ralteb, N. Fabianob, F. Bergnab, M. Pryceb, D. Fitzgerald Hughesa 
aRoyal College of Surgeons in Ireland, Department of Clinical Microbiology, Dublin (Ireland), bDublin City University, 

School of Chemical Sciences, Dublin (Ireland); dfitzgeraldhughes@rcsi.ie 
 
Abstract 
Background Infected diabetic foot wounds (DFWs) are managed with a combination of systemic antibiotics 
and antimicrobial dressings. Infection often persists due to poor perfusion, presence of antibiotic-resistant 
bacteria and biofilms. To limit recurring or un-resolving infection and subsequent amputations, more 
effective topical treatments are needed. Methods Here we investigate the in-vitro efficacy, spectrum and 
properties of photo-activated metal carbonyl compounds for their potential in treatment of DFW infections 
involving Staphylococcus aureus or Escherichia coli. Cytotoxicity to human keratinocytes (HaCaT) cell in 
culture was investigated using the MTT assay of cell viability. Results In solution, metal carbonyl compound, 
MCC1 killed S. aureus ATCC strain 25923 and E.coli ATCC 25922 moderately (< 1 log reduction in colony 
forming units (CFU)/ml) at 100 µM following 1h of light activation at 370nm. However, an enhancement in 
activity was observed, in killing of S. aureus and E.coli (3-4 log reduction in CFU/ml) when the compound 
was used as a coating on polystyrene plates. A further set of metal carbonyl compounds with variable 
functional ligands (named MCC2, 3, 4 and a cationic complex, MCC5) were synthesized and tested against 
E.coli.   MCC4 and the cationic complex MCC5 were considerably more bactericidal than MCC1, MCC2 and 
MCC3, with log reductions in CFU/ml of 5 (MCC4) and 5 (MCC5)  at 5 µM for 30 min and 15 min of light-
activation (E. coli) respectively. The highly active cationic complex showed a log 6 reduction at 5 µM for 15 
min irradiation against S. aureus, including isolates recovered directly from diabetic foot infections. Toxicity 
investigation following incubation with human HaCaT cells revealed IC50 values were considerably higher 
than the bactericidal concentrations at 69 µM and 77 µM for MCC4 and MCC5. Conclusion These data 
demonstrate the potential of metal-carbonyl compounds for the management of wound infection in those 
living with diabetes. Further investigation of the additional properties, of metal carbonyl compounds and 
singlet oxygen generating materials with anti-inflammatory activity and wound healing activity will enhance 
the potential for development of such agents as novel therapies.   
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KL4 

Mimicking class Ib dimanganese ribonucleotide reductase 

A. M. Magherusan,a L. M. Doyle,a D. Nelis,a S. Khal,b A. Zhou,b E. R. Farquhar,c B. Twamley,a L. Que, 
Jr.,b A. R. McDonalda 

 aTrinity College Dublin, The University of Dublin, School of Chemistry, Dublin (Ireland), bUniversity of Minnesota, 
Department of Chemistry and Centre for Metals in Biocatalysis, Minneapolis (USA), cCase Western Reserve University 

Centre for Synchrotron Biosciences, National Synchrotron Light Source II, Brookhaven National Laboratory, Upton 
(USA); aidan.mcdonald@tcd.ie 

 
Abstract 

A fascinating facet of ribonucleotide reductase’s (RNRs) Chemistry has been the identification of a 
dimanganese (Mn2) active site in class Ib RNRs that requires superoxide anion (O2•–), rather than dioxygen 
(O2), to access a high-valent Mn2 oxidant via a MnIIMnIII-peroxide intermediate. We have identified two MnII

2 
complexes that, upon exposure to KO2, yield MnIIMnIII-peroxide adducts, providing insight into the proposed 
class Ib Mn2 RNRs reactivity. The MnIIMnIII-peroxide complexes displayed electronic absorption features (λmax 
~ 450, 600 nm) typical of a Mn-peroxide species, and either a 29- or 22-line EPR signal typical of a Mn IIMnIII 
entity. Mn K-edge X-ray absorption near-edge spectroscopy (XANES) suggested formal ox idation states of  
MnIIMnIII for both, while electrospray ionisation mass spectrometry (ESI-MS) confirmed the elemental 
composition of the MnIIMnIII-peroxides. Both complexes were unreactive towards weak C–H bonds, and 
were only reactive with ferrocene and weak O–H bonds upon activation with proton donors. In contrast, 
one of the complexes was found to be an efficient nucleophilic oxidant. Our findings provide support for the 
postulated mechanism of O2•– activation at class Ib Mn2 RNRs and the activation of the MnIIMnIII-peroxide 
core with electrophiles. 

 

 

 

 

 
 
 
 
 

Figure 1. Mimicking Class Ib Mn2 RNRs 

 
References 
[1] A. M. Magherusan, A. Zhou, E. R. Farquhar, M. García-Melchor, B. Twamley, L. Que, Jr., A. R. McDonald, Angew. 

Chem. Int. Ed., 2018, 57, 918. 
[2] A. M. Magherusan, S. Kal, D. N. Nelis, L. M. Doyle, E. R. Farquhar, L. Que, Jr., A. R. McDonald, Angew. Chem. Int. 

Ed. 2019, DOI:10.1002/anie.201900717R1 
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KL5 

Strategies for cell permeation and targeting of metal complexes as luminescent 
probes for imaging and phototherapeutics. 

C. Burke, A. Byrne, K. Gkika, D. Cullinane and T. E. Keyes, 
School of Chemical Sciences, Dublin City University, Glasnevin, Dublin 9, Ireland 

 
Red to NIR, Stokes shifted emission, tunable redox properties and robust stability make Ru(II) and Os(II) 
polypyridyl complexes exciting prospects for cellular imaging and phototherapy.   
Their interactions with DNA in particular, have been widely studied.[1]  However, typically such complexes 
exhibit poor to negligible permeability to live cells and tissues except in the presence  of permeabilizing 
agents such as organic solvent (DMSO, ethanol) or detergent.  Such agents can damage the cell membrane 
and alter cell biochemistry, so building permeability into molecular structure of the probe i s a preferable  
alternative. Even more, building targetting to to direct the complex into the organelle of interest is of 
significant interest for sensing and also therapy. 

In this presentation, we describe our efforts to drive such ruthenium (II) and Os(II)  polypyridyl 
luminophores across the cell membrane and in particular to drive them selectively to the repositories of 
DNA, the mitochondria and nucleus, within the living cell.  We demonstrate that judicious combination of  
cell penetrating or signal peptide and metal complex can enable precision-targeting to DNA with high 
selectivity within these organelles, but that there are limitations to the effectiveness of these approaches, 
that depend on the lipophilicty of the metal centre and the counter-ion identity.  We discuss also, 
alternative non-biological appendages that can also reliably ensure cell permeability. 

Specifically the successful application of peptide targetting of complexes of the type; [Ru(L)(L)(dppz)] 2 + 
[Ru(L)(L)(tap)]2+ [2] the former for  super-resolution imaging of chromosomes and nucleoids within the ce l l  
the latter for selective phototoxicity will be described.[4-6] 

Figure 1. Emission Imaging from a ruthenium(II) polypyridyl ([Ru(bpy)(bpypep)(dppz)]6+) complex tagged to a 
mitochondrial targetting peptide sequence (green) superimposed on image of mitotracker probe in l ive HeLa Cell. 
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OP1 

Evidence for reactive oxygen species dependent RNA degradation as a mechanism 
of action of novel cytotoxic copper and manganese Phenanthroline based 

developmental therapeutics 

T. O’Leary,a Dr. S. Meaney,a Prof. M. Devereuxa  
a, TU Dublin/School of Biological Sciences, Dublin (Ireland) tadhgmol@gmail.com 

Abstract 
Cu2+ and Mn2+ based 1,10-phenanthroline conjugates have demonstrated significant promise as novel 
cytotoxic therapeutics.1  Here we explore the cytotoxic properties and mechanisms of action of [Cu2+(3,6,9-
tdda)(phen)2].3H2O.EtOH}n (CuPhen) and {[Mn2+(3,6,9-tdda)(phen)2].3H2O.EtOH}n (MnPhen) in cancer 
cell models.  
These compounds demonstrated robust cytotoxic effects comparable with cisplatin. In a cell model 
consisting of isogenic cisplatin sensitive and resistant cells, both compounds were observed to remain 
effective in the face of cisplatin resistance. Greatest effect was observed in relation to the copper compound, 
with estimated IC50 in the low micro-molar range for a variety of different cellular systems. Notably, this 
compound was effective even at short time courses, indicating rapid and potent action.  
The role of reactive oxygen species (ROS) in mediating the cytotoxic effects of these compounds was 
evaluated by an inhibitor mapping approach. Addition of inhibitors of different aspects of the cellular 
antioxidant identified that the cytotoxic effect mediated by CuPhen was strongly dependent on superoxide 
anions. In contrast MnPhen appeared to act via a currently unidentified, although ROS dependent, 
mechanism. To exclude the potential of ferroptosis as a cell-death mechanism, cells were co-treated with 
CuPhen or MnPhen, and ferrostatin-1 or liproxstatin-1. No change in cytotoxic activity was observed 
following the addition of these ferroptotic inhibitors. 
Chemical nuclease activity was investigated using both DNA and RNA targets. Both compounds 
demonstrated potent ribonuclease activity against isolated RNA, although CuPhen was the most active of the 
compounds tested. Incubation of RNA in the presence of 1 M CuPhen resulted in the near total degradation 
of RNA in 20 minutes. Surprisingly RNA degradation was also observed in the presence of 1,10-
phenanthroline, although at higher concentrations. Antioxidant inhibitor profiling revealed that this activity 
appeared to be dependent on the generation of hydroxyl radicals in contrast to both MnPhen and 1,10-
phenanthroline for which the relevant species was not presumptively identified.  
Taken together these results indicate that both CuPhen and MnPhen are capable of ROS dependent cell 
cytotoxicity and RNA degradation. The results are discussed in the context of understanding the mechanisms 
of action of these compounds. 
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ligands as anti-biofilm agents against Pseudomonas aeruginosa isolated from Irish 

Cystic Fibrosis patients 
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Abstract 

Pseudomonas aeruginosa is an opportunistic Gram-negative pathogen that can reside in lung ai rways 
by forming biofilms and causing chronic infection which is particularly deleterious for immunosuppressed 
patients in hospitals. Of particular concern in Ireland is Cystic Fibrosis (CF) which has the highest incidence 
of the disease worldwide, approximately 1 in 19 Irish people are asymptomatic carriers of the disease gene 
(ΔF508). Individuals with this mutated gene suffer from chronic and recurrent bacterial infections of the 
lung, 54% of these cases are attributed to P. aeruginosa.[1] Efforts to treat CF infections are hampered by the 
adaptation of the microbe to the CF pulmonary environment, resulting in an increased ability to form 
biofilms which are intrinsically resistant to therapeutically important antibiotics. In the current ‘resistance 
era’, there is a pressing need to develop alternative drugs to combat infections such as P. aeruginosa ,  that 
work alone or in combination with current antibiotics to ameliorate their effects.  

1,10-phenanthroline (phen) is a heterocyclic organic compound which when coordinated to metals 
(metal-phen complexes) has been previously shown to have antimicrobial activity across a spectrum of 
pathogenic organisms.[2] Complexes containing 1,10-phenanthroline-based ligands offer significant potential 
as novel antimicrobial agents to tackle resistant pathogens, with mechanisms of action different to those of  
common drugs in clinical use.[3,4] We recently established a set of metal-phen complexes (where the metal = 
Cu2+, Mn2+, and Ag+) incorporating 3,6,9-trioxaundecanedioic acid (3,6,9-tddaH2) were the most effective 
against a range of clinically resistant Gram-negative and Gram-positive isolates, and of which P. aeruginosa  
was considerably affected. Moreover, a synergistic effect was observed when the resistant P. aeruginosa 
isolates were treated with metal-phen complexes in combination with the conventional antibiotic, 
gentamicin. 

Here we present the effects of [Cu(3,6,9-tdda)(phen)2]3H2O.EtOH, {[Mn(3,6,9-tdda)(phen)2]3H2O.EtOH}n 
and [Ag2(3,6,9-tdda)(phen)4]EtOH on biofilm formation and mature biofilm disorganisation formed by P. 
aeruginosa isolated from CF patients, alone, and in combination with gentamicin, to show the therapeutic 
potential of these novel complexes.  
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Synthesis of Copper(II) Complexes of Coumarin-Derived Schiff Bases:  
Stability and Cytotoxicity studies  
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Abstract 
 

Excessive generation of reactive oxygen species (ROS) is believed to have a role in the development and 
progression of a number of diseases including cancer development and progression. [1] However, the 
generation and activity of these species are required to maintain normal function of ce l l s,  being part of  a 
number of pathways including both cell death and cell proliferation. Amelioration of ROS is the mechanism 
of action shared by most non-surgical cancer treatments and is of key importance when developing 
potential anti-cancer chemotherapies.  

Copper-based complexes have been shown to both generate ROS in some cancer cell types or reduce 
the levels of ROS within a cell essentially acting as targeted anti -oxidants. For many copper-based complexes 
it is thought the generation of ROS followed by subsequent nuclease action is the basis of their cytotoxici ty,  
however the cytotoxic complexes studied by our group to date do not appear to have this nuclease abi l ity. 
The exact nature of the copper(II) species in solution then became the focus of our study.  These studies 
highlighted that the solid-state structure and solution species were different and thus a new series of 
complexes have been prepared.  This presentation will focus on the synthes is and stability of copper(II) 
complexes containing different ratio’s of ligands, in addition to determining their cytotoxicity in the 
cancerous MCF-7 cell line and non-cancerous HaCaT cell line.  
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Transition Metal Complexes of Novel Phenanthroline Derivatives and their 
Antibacterial Activity 
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Abstract 

Infectious diseases caused by bacteria have been a leading cause of mortality worldwide, with diseases 
such as tuberculosis (TB) infecting 33% of global population in its latent form.[1] Discovery of penicillin in 
1928 heralded the development of a wide range of therapeutics to target bacterial illnesses, leadi ng to the 
“antibiotic era”.[2,3] However, the development of resistant strain of bacteria has left humanity yet again 
facing bacterial infections of multi drug resistant (MDR) strains, demanding the discovery of therapeutics of  
higher efficacy. Our group focuses on metal complexation of appropriate ligands with the aim of  achieving 
synergistic effects; displaying efficacy greater than that of ligands and metal centres combined.  

Previously, our group had reported the unusual cyclisation reaction between an amino acid ester and 
phenanthroline to form a novel phenanthroline-oxazine based ligand.[4] The ligand and its metal complexes 
displayed atypical DNA binding abilities, stronger than that of commercial DNA binding agents ,  as wel l as 
promising antimicrobial activity. The current work entails the syntheses of lipophilic derivatives of this 
ligand; a strategy that has been shown to enhance activity against strains of S. aureus.[5] Furthermore, a 
second cyclisation reaction between amino acid esters and phenanthroline was also developed which leads 
to the formation of structural analogues of ascididemin, a known cytotoxic agent active against tumor ce l l  
lines and various MDR cancer cell line. 

In addition, a novel ligand for targeting resistant forms of TB was synthesised via derivatisation of 
isoniazid (INH), a well-established anti-TB prodrug. The MDR strains of TB combat isoniazid by either 
preventing formation of the active species or by causing the acetylation of INH, leading to formation of 
deactivated drug. We postulate that by forming a Schiff base derivative of INH we can avoid acetylation of  
the prodrug and, further metal complexation can lead to self-activation to produce the active anti-TB agent. 

The syntheses of these ligands, their complexation to metal centres and their biological screening wi l l 
be presented. 
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Synthesis and Characterization of a Novel Mixed-Metal Organic Framework Used as 
a Non- Toxic Drug Carrier 

M. 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/g 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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A pioneer series of copper(II) complexes bearing planar phenanthroline-modified aromatic 
ligands and the steroid estrogen estradiol, with generic formula [Cu(NN)(phen-estradiol)](NO3)2 

where NN is phenanthroline, DPQ, DPPZ and DPPN, were synthetized, characterized and 
screened in vitro against a series of 2D and 3D human cancer cell line.[1] Estrogens are 
overexpressed in several cancer cell lines and they can act as a carrier agents to selectively deliver 
the drugs to the tumour tissues.[2] 
Together with the cytotoxicity data, DNA binding and cleavage studies have been performed 
showing that these complexes are able to intercalate between the DNA nucleobases and the 
intercalation properties correlates with the increasing planarity of the NN ligand.[3] 
Electrochemistry studies allowed 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 
phospho-diester bonds of the DNA. Drug uptake and production of ROS have also been evaluated 
and the results correlated with the cytotoxicity data [4]. The complex with DPPN derivative, 
showed selectivity for ER(+) cell (A2780 ovarian) with respect HCT15 (colon) in term of both 
cytotoxicity and drug uptake (Figure 1). 

 
 
 
 
 
 
 
 
 

 
 

Figure 1. Structure and mechanism of action of the DPPZ derivative Estradiol-Cu(II) complex. 
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Ruthenium(II)polypyridyl complexes (RuPP) have been the focus of a vast number of  studies, due to 

their robust chemistry and well-defined photophysical properties. These metal complexes bind to DNA via 
multiple interactions depending on their ligands and changes to the ancillary ligand can profoundly affect 
their photoactive properties. To date, the binding of photoactive RuPP containing the extended 
dipyridophenazine (dppz) ligand to DNA have been successfully exploited to (a) image and signal the 
presence of DNA secondary structure and (b) trigger photoinduced processes.[1] The related tetramethyl 
phenanthroline complex, [Ru(TMP)2dppz]2+ has been reported to exhibit preferential luminescent 
enhancement at DNA mismatch sites, with a high binding affinity and a longer excited state emission  
lifetime.[2]  

Non-canonical structures of DNA which form at the telomeric and regulatory regions of genes, such as 
the G-quadruplex and C-rich i-motif have the ability to block telomerase activity and influence transcription, 
respectively. Therefore, there is significant interest in targeting these unusual DNA structures. Transient 
Infrared Spectroscopy (TRIR) is a powerful tool for the study of these DNA binding processes as i t provides 
information on the kinetic and structural identity of short-lived intermediates and photo products.[3]  

This work describes the preparation of a new TMP-ligand based DNA binding RuPP probe, 
functionalized with an infrared active nitrile, [Ru(TMP) 2dppz-10-CN]2+, see Figure 1. The nitrile group 
reports on the environment of the binding site through the vibrational Stark effect. The binding aff ini ty of  
this complex to different types of DNA systems was evaluated using steady state UV-Vis and emission 
spectroscopy, and TRIR.   

 
 
 
 
 

 
 

 
Figure 1: Structure of G-quadruplex, i -motif DNA and [Ru(TMP)2dppz-10-CN] 
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Abstract 
Ribonucleotide reductase enzymes (RNR) are metalloproteins implicated in the conversion of 
ribonucleotides to the corresponding deoxyribonucleotides, providing precursors for DNA synthesis and 
repair in all organisms.[1] Stubbe et al. (2013) demonstrated that Class 1b RNRs utilise a dimanganese 
cofactor and require superoxide as an oxidant for catalytic activity. [2] However, the full mechanism remains 
unclear. 
To probe its mechanism, we have synthesised two biomimetic dimanganese complexes 
Mn2(BPMP)(OAc)2(ClO4) and Mn2(TMEDA)(OAc)4(H2O).[3],[4] Their reaction with superoxide was monitored 
using low-temperature UV-Vis spectroscopy. Mn2(BP,MP)(OAc)2(ClO4), 1, reacted with superoxide to form an 
Mn(II)Mn(III)-peroxo species, 2, complex which was confirmed using low-temperature EPR spectroscopy. 2 
reacts with 2,6-di-tertbutyl-4-nitrophenol to form a new UV-vis active species which is capable of ox idising 
ferrocene to ferrocenium. Mn2(TMEDA)(OAc)4(H2O), 3, reacts with superoxide at to form a new species, 4,  
at low temperature which is capable of oxidising the O-H bonds of TEMPO-H. 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 1. Reaction of Mn2(BPMP)(OAc)2(ClO4) with superoxide to form a Mn(II)Mn(III) peroxo species 
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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. The light switch complex [Ru(phen)2(dppz)]2+ has been shown to become highly 
emissive in the presence of DNA and organic solvents.1 This “Lightswitch effect” has also been extensively 
observed in the presence of non-canonical DNA sequences.2  

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.3 Furthermore, this technique has been 
utilised to make use of a phenomenon known as the site effect.4 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.  
This presented research has further shown that the addition of nitrile groups can be used to provide 
detailed information on the complex binding interactions and binding site of these complexes. TRIR 
measurements presented in this investigation have focused on a further window in the IR region of  2100 -
2500 cm-1, to make use of a phenomenon known as the vibrational stark effect. 
Within solution experiments, the stark effect is defined as the shifting of IR vibrational stretches of carbonyl  
(CO) and nitrile (CN) IR bands, in response to changes in the electronic environment (analogous to 
solvatochromism this effect is shown in figure 1).5 This presented work has probed the CN band of the 
excited state of the [Ru(phen)2(dppz-11-CN)] complex (shown in figure 1b), in order to determine the 
dielectric and hydrogen bonding environment within several non-canonical DNA structures.  
 
  
 
 

 

 

 

 

 
Fig. 1 (a) The effect of IR vibrational bands in increasing solvent polarity 5 (b) [Ru(phen)2(dppzCN)] used in this work (c) crystal 
structure of Λ-[Ru(TAP)2(11-CNdppz)]2+ bound to the sequence d(5'-D(TAGGGTTA)-3')  taken from protein data bank (PDB: 5LS8). 
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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; their inorganic nature a key factor as it is thought they will be alien to the traditional 

mechanisms of resistance.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 

 
Figure 1: Metallacarboranes for testing vs TNBC cells. 
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Abstract 
It is estimated by the NCRI (National Cancer Registry of Ireland) that by 2020, one in two people will receive 
a cancer diagnosis during their lifetime. Thus, with escalating incidences of cancer together with ongoing 
issues of resistance of tumours to current therapeutic strategies, the need to develop future therapies i s of  
increasing importance. Co-ordination complexes, such as cis-platin (Figure 1), have been the frontiers for 
cancer chemotherapy since the late 1970’s. [1] Despite the success of platinum-based drugs, their high 
toxicity along with several side-effects associated with the chemotherapeutic cycles, stimulated the 
scientific community to investigate the role of other less toxic and endogenous metals,  such as Copp er. [ 2 ]  

Recently, phenanthrene-derived copper(II) complexes have indicated relevant biological application as 
cancer chemotherapeutics.[3] Such complexes act as chemical apoptotic inducers via DNA endonuclease 
activity. Due to the presence of planar aromatic ligands, these complexes are able to intercalate between 
the DNA nucleobases and to oxidise DNA in the presence of cellular reducing agents (e.g. ascorbic acid). This 
leads to the production of Reactive Oxygen Species (ROS) and subsequent cleavage of the  DNA.[4] The 
pioneer complex in this context was developed by Sigman.[5] The objective of this project was to synthesise  
and characterise a series of bis-chelate copper(II) complexes with planar and aromatic dypyridophenazine 
(DPPZ) derivatives substituted at the 11-position with electro-withdrawing groups (NO2, Br, CN) and electro-
donating group (CH3) (Figure 1) and to examine their redox behaviour using cyclic voltammetry (CV).  

 

 

 

 

 

Figure 1. DNA intercalators of general formula [Cu(11-R-DPPZ)2](NO3)2. R = NO2, CN, Br & CH3. 
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Abstract 

Rapidly dividing tumor cells require higher amounts of nutrients and energy for their fast proliferation, 
and glucose is no exception (the so-called “Warburg effect”).[1] Consequently, such increased demand of 
glucose by cancer cells makes it very attractive to selectively target tumor sites. In particular, tailored 
glucose-like substrates can be conjugated to chemotherapeutics (including metal -containing anticancer 
agents) to attain the site-specific delivery of drugs into the affected tissues.[2] 

Accordingly, our goal is to design gallium(III)-dithiocarbamato glycoconjugates of the type [GaIII(SSC-
Inp-GlcN)(8HQ)2] (8HQ = 8-hydroxyquinolinato; Inp = isonipecotic moiety; GlcN = amino-glucose scaffold)  
which would combine the antitumor properties of the gallium(III)-hydroxyquinolinato scaffold,[3] along with 
an improved selectivity and cellular uptake provided by the glucose-containing ligands coordinated to the 
metal center, through the exploitation of the glucose-mediated cellular internalization provided by glucose 
transporters (GLUTs). The rationale of such designing strategy relies on the fact that the glucose substrate  
(GlcN) directly bound to the gallium-containing scaffold is expected to act as a selective carrier of the 
cytotoxic species {Ga(8HQ)2} by targeting GLUTs upregulated in cancer cells owing to the higher demand of  
glucose in tumors, so as to achieve tumor targeting without affecting healthy tissues. 

Figure 1. General structure of the target gall ium(III)-hydroxyquinolinato glycoconjugates. 

Starting from the rationale behind our research work, the main results achieved to date are here 
illustrated and discussed. 
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Abstract 
 

Cisplatin and its derivatives are among the most widely used drugs in chemotherapy and their 
success has led to an intensive search for metal complexes with lower toxicity and higher cancer-selectivi ty. 
[1]   Additionally, there is a need to develop drugs with a different mode of action to the platinum therapies 
in order to circumvent the problems of drug resistance.[1]  DNA is a frequent target for many cancer 
therapeutics and the coordinated ligand plays an important role in the manner in which the metal complex 
interacts with DNA. One of the most extensively studied ligands for complexes targeting DNA is 1,10-
phenanthroline and its substituted derivatives. Previous work at Maynooth on derivatising phenanthroline 
produced two unexpected types of compounds (phenathroline-oxazine and pyrido-phenanthrolinone (F ig. 
1)).[2,3] The pyrido-phenanthrolinones are analogues of the naturally occurring cancer-cell cytotoxic alkaloid 
ascididemin. Ascididemin can only be isolated in tiny amounts from nature and is very hard to synthesise.  

Here we will present work on investigating the factors that control the product of the cyclisation 
reaction. Various aromatic amino acid esters were reacted with phendione and it was discovered that 
depending on the electron-directing nature of the para-substituent of the aromatic ring of the amino acid 
ester, either the phenanthroline-oxazine derivative or a pyrido-phenanthrolinone derivative could be 
produced. We also successfully formed a rhenium(I) complex using the pyrido ligand this will allow us access 
to a family of compounds and their metal complexes to test for anti-cancer activity. 

 
 

 
 
 
                                

 
                                                                                     Figure 1 
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Abstract 
A series of novel ruthenium (II) complexes were employed in this study (O’Nei ll , Perdisatt and OConnor, 

2012; Perdisatt et al., 2018). 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 veri fy 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 (Qasim Warraich et al., 2019). 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 

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 tumour growth, tumour resistance to drug treatment, and metastasis.  This 
pathway is also thought to play a role in maintenance and differentiation of cancer stem cells (CSCs), which 
are responsible for resistance, disease progression and metastasis. [1] 

Small molecule, GANT61, inhibits the Hh pathway by reducing the transcriptional activity of  proteins Gl i1 
and Gli2. It exhibits antiproliferative/antitumour activity in vitro and in vivo.[2]  GANT61 hydrolyses under 
physiological conditions to give 4-pyridine carboxaldehyde (GANT61-A) and the bioactive diamine derivative 
(GANT61-D), which is responsible for the inhibition of Gli -mediated transcription.[2] GANT61-D is not only an 
intersting biomolecule, but also has the structural properties to act as a multidentate ligand. The presence 
of four N-donor atoms allows for GANT61-D to potentially form a diverse range of metal complexes.  

A series of metal (Ni, Pd and Pt) complexes of GANT61-D were synthesised and fully characterised, including 
by X-ray crystallography. These complexes were used to investigate (i) the reactivity of GANT61-D as a 
bioligand and (ii) anticancer activity. Results to date in relation to the development, pH stability, and in vitro  
cytotoxicity of the GANT61-D metal complexes will be presented.  

 

 
 
 
 
 
 

 

Figure 1. X-ray crystal structure of GANT61-D 
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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 (Figure 1, R’= 
methyl).[3] The ligand and its metal complexes displayed atypical DNA binding abilities as well as 
promising antimicrobial activity.  Our studies on copper(II) complexes of this ligand and its more 
lipophilic derivatives show that there is a ‘sweet spot’ in ligand lipophilicity (R’ =hexyl) for the activi ty 
of the complexes against the bacteria S. aureus.  Here we will present work on extending the study to 
monitor how tuning the lipophilicity of the ligand in silver complexes alters activity against C. albicans. 
Silver was chosen as it is well-known to have good activity against Candida. We will present data on 
the synthesis and characterisation of the ligands and novel silver complexes have been prepared and 
characterised. Results will also be presented on both testing the complexes for their activity against C. 
ablicans and the in vivo toxicity of the compounds using the G. Mellonella larvae. 
 

 

 

 

 

 

Figure 1 Phenanthroline-oxazine Ligand 
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Abstract 
Metal-organic frameworks (MOFs) find a large variety of applications (gas storage, purification, sensors etc.)  
that stem from their high porosity and host guest chemistry potential. Of particular interest is their 
application as drug delivery vectors. Many common and important drugs show difficulties in their 
administration and behaviour within the body. These range from poor bioavailability, degradation in the 
body and the ‘burst’ effect. MOFs may provide an advantage over conventional methods due to their large 
loading capacities, stability, tuneable size and greater biocompatibility. [1] Thus, this is an area of ongoing 
research with a focus on metals and linkers that have a low toxicity. [2] 

  
Two novel ZnII and MgII based MOFs have been synthesised from the use of  an elongated dicarboxylate 
ligand and characterised using single crystal and powder XRD, thermogravimetric analysis and FTIR 
spectroscopy. The ibuprofen absorption and release properties of the two MOFs have been analysed and 
discussed in detail. Ibuprofen is used for preliminary results with future work focused on anti -cancer and 
anti-epileptic drugs.  
 

 

 

 

 

 

 

Figure 1. Structure of ZnII MOF studied. 
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Abstract 
The rise in the number of drug-resistant bacteria in recent years, coupled with the lack of novel antibiot ic 
therapies being developed by frontline pharmaceutical companies, has initiated an intense drive to find new 
antimicrobial therapies to fight this global challenge.[1] Silver(I) cations have a long history of exhibiting 
antibacterial effects and as a result, the interest in the synthesis and subsequent biological activity of 
silver(I) complexes has grown. Such complexes have been shown to exhibit a wide range of biological 
activity in different studies, their activity has been linked to either their water solubility and Ag( I)  re lease 
characteristics, or to the lipophilicity of the complexes with subsequent increased cellular uptake.  
 
The primary disadvantage of Ag(I) complexes’ clinical usefulness is their fast dissociation in aqueous 
conditions leading to Ag(I) cations forming an insoluble silver chloride, thus limiting their effectiveness to 
short periods of time.[2] In addition to this, many silver(I) complexes are light sensitive and degrade in 
solution within hours.  
 
We have previously reported the excellent antimicrobial activity of a series of silver(I) coumarin complexes 
but the solubility of these complexes was limited and they were prone to degradation in solution. [ 3 ]  In an 
attempt to improve the solubility, a new series of complexes have been prepared and their stability in a 
number of solvents probed.  
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Abstract 

Rapidly dividing tumor cells require higher amounts of nutrients and energy for their fast proliferation, 
and glucose is no exception (the so-called “Warburg effect”).[1] Consequently, such increased demand of 
glucose by cancer cells makes it very attractive to selectively target tumor sites. In particular, tailored 
glucose-like substrates can be conjugated to chemotherapeutics (including metal-containing anticancer 
agents) to attain the site-specific delivery of drugs into the affected tissues.[2] 

We here report on the design of gold(I/III) -dithiocarbamato glycoconjugates[3] (Figure 1) which can 
combine the antitumor properties and the favorable toxicological profile of the metal -dithiocarbamato 
scaffold,[4] along with an improved selectivity and cellular uptake provided by the glucose -containing ligands 
coordinated to the metal center, through the exploitation of the glucose-mediated cellular internal ization 
facilitated by glucose transporters (GLUTs). 

Figure 1. General structure of the target gold(I/III)-dithiocarbamato glycoconjugates. 
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Abstract 
Inorganic Te(IV) compounds are important cysteine protease inhibitors and antimicrobial agents; AS -101 i s 
the first compound of a family with formula NH4[C2H4Cl3O2Te], where a Te(IV) centre is bound to a chelate  
ethylene glycol, and showed several protective therapeutic applications. [1,2] This compound is lacking in 
stability performance and is subjected to hydrolysis reaction with displacement of the diol ligand. [ 3 ]  In this 
paper, we report the stability trend of a series of analogues complexes of AS-101 with generic formula 
NH4[(RC2H3O2)Cl3Te], where R is an alkyl group with different chain length and different electronic 
properties, in order to find a correlation between structure and stability in aqueous-physiological conditions 
(R =H (1); CH3 (2); CH2CH3 (3); CH2CH2CH3 (4); CH2CH2CH2CH3 (5); CH2CH2CH2CH2CH2CH3 (6); CH2Cl (7); Ph. (8)). The 
stability was studied in solution via multinuclear NMR spectroscopy (1H, 13C, 125Te) and computationally at 
the Density Functional Theory level with an explicit micro solvation model. The combined e xperimental and 
theoretical work highlights the essential role of the solvating environment and provides mechanistic insights 
into the complex decomposition reaction. Antimicrobial activity of the compounds was assessed against 
different bacterial strains.[4]  
 

 
 
 
 
 

 
Figure 1. ESP (Electrostatic Potential) surface around 1 and 5: the positive ESP generated by chlorines creates a 
preferential channel for the water oxygen to approach the Te atom. 
 
Acknowledgements 
KDA is grateful to INTEL for sponsoring the M.Sc. scholarship. BF acknowledges the support of the Italian Ministero 
dell 'Istruzione, Università e Ricerca through the grant Rita Levi Montalcini (2013). 
 
References 
[1] M. Ruck, F. Locherer, Coord. Chem. Rev. 2015, 285, 1. 
[2] B. Sredni, R.R. Caspi, A. Klein, Y. Danziger, Y. Kalechman, M. BenYa’akov, T. Tamari, F. Shalit, M. Albeck,  Nature,  
1987, 330, 173. 
[3] A. Si lberman, M. Albeck, B. Sredni, A. Albeck, Inorg. Chem. 2016, 55, 10847. 
[4] K. D’Arcy, A. P. Doyle, K. Kavanagh, L. Ronconi, B. Fresch, D. Montagner, J. Inorg. Biochem. 2019, 198,  110719. 



3rd Symposium of the Irish Biological Inorganic Chemistry Society – IBICS-3 
Friday, 29th November 2019, Royal College of Surgeons in Ireland (RCSI) 

 
41 

P17 

Novel antimicrobials for management of diabetic foot infections: A comparative 
study of BODIPY polymers in solution and as surface-coatings 

A. Rajagopal,a M. Pryce,b D. Fitzgerald-Hughesc  
a bSchool of Chemical Sciences, Dublin City University; a cDepartment of Clinical Microbiology, Royal College of Surgeons 

ashwenerajagopal@rcsi.ie, dfitzgeraldhughes@rcsi.ie, mary.pryce@dcu.ie,  
 
Approximately ten percent of patients with diabetes mellitus develop foot ulcers which heal poorly. The risk 
of developing diabetic foot ulcers (DFU) increases with time and chronic infection of DFUs can lead to foot, 
lower leg amputations with increased morbidity and mortality. Infections are currently managed by 
systemic antibiotics with variable outcomes. Antibiotic treatment of infected DFU has minimal success due 
to factors including; presence of multiple bacterial species in persistent biofilms, antibiotic resistance and 
poor perfusion due to vascular damage which limits drug delivery. [1] Targeted photodynamic delivery of 
antimicrobials directly to the infection site has potential for enhanced management of infected DFUs. This 
novel strategy employs a photosensitizer, which leaps to an excited state when irradiated with particular 
wavelength of light. The activated species act as intermediates to generate reactive oxygen species (ROS) 
which effectively kill bacteria.[2,3] Here we investigated BODIPY[4,5] based polymers, which excites on 
irradiation at wavelength (λ ~ 525 nm) for their antimicrobial activity against bacteria that infect DFUs, in 
solution and on surfaces using viable cell counting. Cytotoxic effects on Human Keratinocytes (ATCC HaCaT 
cell line) cells in culture were determined using the tetrazolium dye, MTT to measure metabolic activity 
following incubation with BODIPY polymers. Enhanced bacterial killing was observed when compounds 
were coated onto surfaces compared to testing in solution. Our results indicate potent killing of both 
Staphylococcus aureus (Gram-positive) and Escherichia coli (Gram-negative) when placed onto a BODIPY-
polymer coated surface (40 g/ml), where a 5 log reduction in colony forming units was observed with light 
activation for two hours. In comparison, a 1 log reduction was observed in solution at 5g/ml. Cytotoxicity 
testing using human keratinocytes indicates low toxicity of BODIPY polymers at effective antimicrobial 
concentrations. The limitations of solution-based investigation of BODIPY polymers include solubility of  the 
polymer and miscibility of solvents, which may decrease antimicrobial activity. However, the signif icantly 
enhanced activity of BODIPY polymers as surface coatings observed here, in addition to superior stabi lity 
profile on surfaces makes this approach promising for the development of antimicrobial materials such as 
wound dressings, for the management of diabetic foot infections.  
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Abstract 

The advent of antimicrobial resistance has emerged at an alarming rate posing a serious risk to 
human health worldwide. As existing treatments are becoming inefficacious, there is an urgent need for the 
development of treatments with alternative modes of action. The use of Gallium as an antimicrobial agent 
has been of interest due to its unconventional action in the disruption of bacterial nutrition and metabolism. 
The structural similarity of the semi-metallic element allows it to act as an iron mimetic and inhibit many 
important biological pathways essential for bacterial cell proliferation. 

The antimicrobial potential of a range of Gallium complexes was investigated using several bacterial 
strains that demonstrated resistance to the antibiotic ampicillin. In vitro toxicity assays using Gallium nitrate, 
Gallium oxide and Gallium maltolate proved that the latter was the most potent complex, particularly in the 
treatment of Pseudomonas aeruginosa. The effect of Gallium maltolate was further examined in vivo using 
the model organism Galleria mellonella (Greater Wax Moth). G. mellonella larvae challenged with varying 
concentrations of P. aeruginosa and Gallium maltolate not only demonstrated the non-toxic nature of the 
complex, but also showed its potent bacteriostatic effect against P. aeruginosa in vivo. Understanding the 
mode of action of the complex is a key requirement for the enhancement of Gallium maltolate efficacy via 
synthesis modifications. It is therefore aimed to carry out proteomic analysis to evaluate the response of  
P. aeruginosa to Gallium maltolate and gain an insight into the precise mechanisms of action. 
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Abstract 
Targeting and delivering are aspects of drug design that have been receiving much attention in recent 

years because of the potential for improving efficacy and reducing side-effects. In particular, conjugated 
drugs incorporating a tumor-targeting group and a cytotoxic “smart bomb” are emerging as promising 
therapies for cancer treatment.[1] 

In this context, vitamin B12 (cyanocobalamin) is 
currently under intense investigation. In fact, 
cyanocobalamin is a vital nutrient characterized by 
extremely low bioavailability. Once taken up by the cell, i t 
is converted into its biologically-active cofactors 
methylcobalamin (used to produce methionine) and 
adenosylcobalamin (used as coenzyme to enter the 
tricarboxylic acid cycle). Since rapidly growing tumor cells 
require higher amounts of energy and nutrients 
(including vitamin B12) for their abnormal proliferation, 
the conjugation of therapeutic and/or diagnostic agents 
to cyanocobalamin is a very attractive approach.[2] In 
particular, vitamin B12 derivatives functionalized with suitable fluorophores[3] can be conjugated to 
metallodrugs[4] to attain the site-specific delivery into the affected tissues, thus improving therapeutic 
outcomes and reducing the side-effects. 

We here report on the design of vitamin B12-based potential metallotheranostics in which the 
cyanocobalamin is functionalized with a fluorophore (FLUO), whereas the Co(III) is l inked to a metal  (M = 
Pt(II), Pd(II), Au(III)) scaffold. Such derivatives are expected to exhibit preferential accumulation of the 
overall metal-bioconjugate into tumor cells, so that the metallodrug would exert its anticancer activity only 
against diseased tissues without affecting healthy ones, and, at the same time, the attached f luorophore 
would allow the transport and biodistribution to be followed and assessed by fl uorescence spectroscopy. 
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Abstract 

Raman spectroscopy, first described in 1928 by Raman and Krishnan[1], is an analytical tool using 
vibrational spectroscopy and light scattering to provide biochemical information about the molecular 
composition of a sample. It is a non-destructive, label-free, rapid, low-cost technique that can produce 
valuable information about the molecular composition of a mole cule based on the functional groups 
present. Recent applications of Raman Spectroscopy range from drug discovery to the development of drug-
delivery systems. 

Here, we present the application of Raman spectroscopy to analyze acellular drug -DNA interactions. 
The Raman spectra of conventional chemotherapeutic agents Cisplatin and Doxorubicin and their direct 
interaction with Calf-thymus DNA was compared with that of four novel inorganic complexes of  copper(II) 
and platinum(II) metallodrugs (alphaCu, BetaCu, alphaPt and BetaPt respectively).[2][3] Raman spectra 
indicated a similar biochemical profile for both copper(II) complexes but distinctive differences in the alpha 
and beta Platinum (II) complexes compared to the spectra of the chemotherapeutic drugs, Cispl atin and 
Doxorubicin.  

This preliminary data indicates that Raman spectroscopy is a valuable tool for assessing acellular drug -
DNA interactions and may be applied to in vitro studies for comparison purposes.  
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Abstract 
Cisplatin is the most important and effective anticancer drug widely used clinically. In spite of the great 
success of cisplatin, its clinical use is associated with side -effects such as ototoxicity, neurotoxicity, 
nephrotoxicity, inherited or acquired resistance, and a narrow spectrum of activity.  With the aim to 
overcome the limitations of the clinically used platinum drugs, a new class of anticancer chemotherapeutics 
has been developed to target the translocator protein (TSPO) which is overexpressed in certain cancers 
including brain, liver, breast, ovarian, and colorectal cancer. In this work, Pt(IV) complexes have been 
designed as new anticancer metallodrugs that selectively target the mitochondria of cancer cells by 
combining the favourable cytotoxic properties of Pt with the capability of TSPO binders to act as del ivery 
vehicles and antimitochondrial agents. The complexes have been fully characterized. Cytotoxic and 
mechanistic studies of these complexes will also be reported. 
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Abstract 

Since the structural elucidation of duplex DNA, the construction of small molecules that recognise  and 
react at specific sites to modify DNA structure, reactivity and biological repair processes has been an area of  
considerable research interest. The discovery of the synthetic chemical nuclease [Cu(1,10-
phenanthroline)2]2+ (Cu-Phen) in 1979, sparked efforts toward the development of new arti ficial 
metallonucleases with DNA cleavage mediated through the generation of reactive oxygen species (ROS) at 
the DNA interface.[1] However, limitations associated with the Cu-Phen scaffold include (i) weak DNA binding 
constant; (ii) binds both DNA and protein biomolecules without specificity; (iii) a high dissociation constant 
of the second coordinated 1,10 phenanthroline ligand; and (iv) a reliance on an exogenous reductant 
(ascorbate or thiols) and oxidant to initiate ROS production to mediate C-H bond activation and strand 
scission. Accordingly, modulation of the Cu-Phen scaffold represents an interesting developmental 
challenge.[2] Our interest in developing new chemical nucleases with high efficacy and enhanced targeting 
properties prompted this study where we report the synthesis and X-ray structural characterisation of 
[Cu(dipyrido[3,2-f:2′,3′-h]quinoxaline2(NO3)](NO3).[3] The aim was to investigate what influence two DPQ 
ligands have within the core Cu-(N,N′)2 complex when applied as an artificial chemical nuclease. 

 

 

 

 

 
 

Figure 1. X X-ray structure of one of the two independent [Cu(DPQ)2NO3]+ cations showing 50% probability ell ipsoids 
(Colour scheme: copper, green; nitrogen, purple; carbon, grey; and oxygen, red). 
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This is awarded annually to one PhD student who has distinguished 

themselves across a range of criteria throughout their PhD with a focus on 

research performance, achievements and impact in the field of medicinal and 

biological inorganic chemistry within the island of Ireland. 

 

The recipient of this award will receive a gold medal during an official award 
ceremony, which will be held at the next Symposium of the Irish Biological 

Inorganic Chemistry Society (IBICS-4).  

The recipient will also be expected to deliver an award lecture. 

 

The call for nominations for this award will open in the New Year.  

All members will be notified by email. 
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